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■Journal  Box  and  Pedestal,  Standard  M.C.B.  280* 

Journal  Box.  Sharp 78* 

Journals,   Collarless,   M.   C.   B.   Report.  . . .     '279 


Kepner,  H.  B..  The  Piece-Work  System. 233,  260 

King.   Steel   Uuderframe  Box  Car 18* 

Knuckle,  Hinson  Emergency,   for  Couplers  385* 

Knuckle  Pin  Support.   Improved 68* 

Knuckles,  M.   C.  B.,  Weaknesses  in 227 

Knuckles.  Slots  and  Pin  Holes  in,  Rhodes.    243* 


Lake  Shore  &   Michigan   Southern.   Collin- 
wood  Shops 22*.  41*.  102*.   145*. 

186*,  207*,  334*.  362*,  409*,  444* 

Lake    Shore    &    M.    S..    Piston    vs.    Slide 
Valves,    Tests 260* 

Lake    Shore    &    M.     S.,     2—8 — 0,     Heavy 
Freight    Locomotive 415*.    439* 


L>arge  Fireboxes,   Plea  for 427 

Lathe,  Axle,  Extra  Heavy  Uenient-Miles.  .    202* 

Lathe,   High-Speed,   New  American 2ge« 

Lathe,    Iniijroved    15-lii.,    Sebastaiu 345« 

Lathe,  100-ln.   DrlviiiK   Wheel,  Tests 299* 

Lathes,  Examples  of  Motor  Driven.  .  .137*,  193* 
Ijathe,     Alllerif  an.     New     Designs.  ...  391  *,    471* 

Lathe.    Springfield   Motor-Driven 2G5* 

Lathe,  with  Power-Peed  Automatic  Turret .    38(;* 

Lathes,    Driving-Wheel,    New,    Niles 29* 

Layout   Plan,    McKees   Roiks   Shops 396* 

Layout   Plan,    Reading  Shops.   P.  &  R.  .  .  .        9« 

Layout  Plan,  St.   Paul  Shops,  G.  N 234" 

Layout  Plan,  Sayre  Shops,  L.  V 259* 

Layout  Plan.  Topeka  Shops,  A.,  T.  &  S.  F.   321* 

Lieaky   Flues,   Two   Suggestions 413 

Le    Blonde   Mach.    Tool    Co.,    Motor-Driven 

Lathe    138» 

LeBlonde  Mach.  T.  Co.,  Milling  Machine..    262* 

Lehigh   Valley.  Sayre  Shops 234.   259* 

Lentz.  Seamless  Boiler  Construcitlon 191* 

Lewis.  Steel   Underframes  and  Cars 218 

Lignite  Burning  In  Locomotives,  B.  &  M.  R.  231* 
Link  Slots  and  Pin  Holes  in  Knuckles.  .  .  .    243* 

Liquid   Fuel.    Atomizers    for 115 

Liquid    Fuel    Burners 198 

Lloyd,   Steel   Underframes   and   Cars 214 

Locking   Device  for  Crosshead    Pin   Nuts..    44S* 

Lodge  &  Shipley  Mach.  T.  Co.,  Lathe 464* 

Locomotive,  0- — 10 — 0  Suburban.  English.  115' 
Locomotive,    2 — 10 — 2   Tandem    Compound 

Freight,  A..   T.   &   S.   F 372*,   399* 

Locomotives,   2 — 8 — 2,   Compound  Freight, 

A.,  T.  &  S.  F 16»,  109« 

Locomotive,  2 — 8 — 0  Freight.  C,  B.  &  Q.  .  48* 
Locomotives,  2 — 8 — 0  Freight,  C,  R.  I.  &  P.  106* 
Locomotive.  2 — 8 — 0  Heavy  Freight,  L.  S. 

&    M.    S 415*.   439» 

Locomotives,    2 — 8 — 0    Tandem    Compound 

Freight,    N.   Y.    0 127*.    174* 

Locomotive.     2 — 8 — 0,     4-Cyl.     Bal.     Com- 
pound. Southern  Ry.  of  France 5* 

Locomotive,  2 — 6 — 4  Suburban,  P.  &  R.  .  .  364* 
Locomotives,  4 — 6 — 2,  Pass.,  A.,  T.  &  S.  F.  443* 
Locomotives,  4 — 6 — 2  Passenger,  C.  &  A. .  85* 
Locomotives,  4 — 6 — 2  Passenger,  C,  R.  I. 

&  P 351* 

Locomotive,  4 — 6 — 2  Passenger,  N.  P.  Ry.  63* 
Locomotive.    4 — 6 — 0    Compound    Freight. 

with  Superheater,  Can.   Pac 317* 

Locomotives.  4 — 6 — 0  Passenger,  Can.  Pac.  32* 
Locomotive,  4 — 6 — 0  Passenger,  D.  &  H.  .  285* 
Locomtitives,  4-^ — 2,  4-Cyl.  Bal. -Com- 
pound Passenger,  A..  1.  &  S.  F...212*,  334» 
Locomotives,  4 — 4 — 2,  Pas^enger,  C.  &  A.  458* 
Locomotive,  4 — 4 — 2.  Passenger,  M.  C.  .  .  .  33* 
Locomotives,  4 — 4 — 2  Passeng'„r,  Pennsyl- 
vania Lines   131* 

Locomotive,  4 — 4 — 2  Passenger,  P.  &  L.  E.   421* 
Locomotives,  4 — 4 — 2  Passenger,  Oil  Burn- 
ing,   Southern   Pacific 329* 

Locomotive,  4 — 4 — 2,  Passenger,  Wabash.    437* 

Locomotive  Axles,  Specifications  for 306 

Locomotives,    4-Cyl.     Balanced    Compound, 

Important    Features    of 451 

Locomotives.   4   Cyl,    Balanced.   De  Glehn..      458 

Locomotives,   Big.   and  the  Compound St"! 

Locomotives.  Big,  What  They  Mean....  84,  141 
Locomotive  Boiler  Explosion,  Remarkable  427* 
Locomotive  Boilers.  Rational  Design  of.  .  .      226 

Locomotive  Boilers.  Water-Tube 368 

Locomotive  Classification,   Amer.   Loco.   Co.      77* 

Locomotives,  Comparisons  of 67 

Locomotive,    Compound,    and    Its    Develop- 
ment   in   France 2* 

Locomotive,    Compound,    4-Cyl.,    Design   by 

Cole     145* 

IiOcomotive    Draft    Appliance   Tests.... 70. 

82*.    140.    149*.    162*.    227,    239,    302*.    327* 

Locomotive   Dynamometer   306* 

Locomotive,  8-Wheel  Inspection,  B.  &  A...  3§4* 
Locomotive,  Electric,  Multiple-Unit.  Heavy 

Traction.   B.   &  0 324*,   332 

Locomotives,   Electric.   New  Light  on ^66 

Locomotives   in  Foreign   Countries.   Ameri- 
can          425 

Locomotive  Frames,  Ca.st  Steel,  D.  &  H.  Co.  365* 
Locomotive  Front  Ends,  M.  M.  Report....      275 

Locomotives.  Hand  Holds  on 413 

Locomotives.  Heaviest  Built   in   1903 399* 

Locomotive,    The    Heaviest 414 

Locomotives.  Heights  of.  and  Progress...  248* 
Locomotives.  Lignite  Burning  in.  B.  &  M.  R.  231* 
Locomotive  Lubricators.  New  Type  Detroit  428* 


69* 


464* 

447 

241* 

441* 


Locomotive    Performance.    Remarkable.  .  .  .  33* 

Locomotives,    Proportions  of  Modern,    Vry .  224 

Locomotives.    Proportions  of   Modern 366 

Locomotive   Record    Board,   Convenient....  76* 
Locomotives.    Tabic    of    DimensionH;- 

Inset,  ./une  Issue 
Locomotive  Testing  Plant,  Cornell  Unlv...  109 
Locomotive    Testing    Plant,    St.    Louis    Ex- 
position      -. 266 

Locomotive,   Test  of   Oil    Burning 97* 

Locomotive     Tests.     Fireboxes     and     Com- 
pounding, A.,  T,  &  S.  F 19; 

Locomotive   Tests,   German,    Fry 185 

Locomotive  Tests,  Oil  Fuel,   B.  &  M.  R.   R.  186 
Locomotive  Testa  on   Prussian   State   Rail- 
ways     1 9r." 

Locomotive  Tires,  Allowance  for  Wear.  .  .  .  247* 
Locomotive   Trucks,    Spring   Centering  De- 
vice      192* 

Locomotives,  Tractive  Power  Chart  for.  .  .  239* 

Long  &  Allstater.  Collinwood   Punch 148* 

Lubricators,  Lo<'omotive,  New  Type  Detroit  42S* 


Machine  and  Erecting  Shops,  McKees  Rocks   454* 
Machine  and  Erecting  Shops,  Reading.  .  .  .      53* 

Machine   Cutting  Speeds,   Table   of 159 

Machine    Shop,    Design,    Soule 161 

Machine    Tool    Builders'    Convention 466 

Machine  Shop   Problems 374 

Machine      Tool       Equipment,       Collinwood 

Shops    41*,    102*,    145*.   186* 

Machine  Tool  Operation,  Requirements  of 
Machine  Tool  Progress,  Feeds  and  Drives, 
21,  27*,  64*,  98*,  143*,  178*. 
229*,  261*,  288*,  330*,  373* 
Machine  Tools,  Fly-Wheels  on,  Steen.... 
Machine  Tools,  Group  Driving  of,  Steen.  . 
Machine    Tools,    Motor    Driving    for    Old, 

Wright 124*,   165*,   219*,   410* 

Machine  Tools,  Output  of  Old 370 

Machine  Tools,  Power  to  Drive 418 

Machine  Tools,   Selection  of 370 

Machine  Tools,   Time  Efficiency  in 61 

Machining  Performance,  Remarkable,  Bor- 
ing   Mill     110* 

Machinist,  How  to  Become  a  Successful..      413 

Magnets  for  Handling  Boiler  Plate 109* 

Management  of  Railroad  Shops.  Cozad.  .  .  .  438 
M.    C.    B.    and    M.    M.    Conventions,    An- 

nouncenients    28,  234,  464 

Master  Car  Builders*  Assn.  Convention.  .  .      254 

Master  Mechanics'  Assn.  Convention 251 

Master      Mechanics'      Association,      Oppor- 
tunity of    ■ 227 

Master    Mechanics'    Assn.    Scholarships. . .  .      333 

Matcher  and  Planer,  S.  A.  Woods 118* 

Mcintosh.  Steel  Underframes  and  Cars.  .  .  218 
McKees    Rocks    Shops,    P.   &   L.    E.    R.    R., 

New    Locomotive 395*,    454* 

Mechanical     and    Transportation     Matters, 

Influence  of  Time   Element 83, 

Mechanical    Engineers,    American    Soc.    of. 

Meetings     35, 

Mechanical   Oil  Cup,   Lunkenheimer 77* 

Metallic    Packing    368 

Metric    System    300 

Mexican  Central,  Quartering  Machine..,.  369* 
Mexican     Central,     Steam    Turbine    Power 

Plant     466* 

Mica   Metallic    Packing    198* 

Michigan  Central.  Coupler  Knuckle  Pin...  68* 
Michigan  Central.  4 — 4 — 2  Locomotive...  33* 
Michigan  Central,  Jackson  Power  Plant..  SS* 
Michigan     Central,     Locking     Device     for 

Crosshead    Pin    Nuts 448* 

MilllHg       Machines.       Examples,       Motor- 
Driven    422*,   460* 

Milling  Machine  Work.  Phenomenal 34* 

Mogul    Metal    312* 

Morris,    Steel   Underframes  and  Cars 213 

Morse,  Steel  Underframes  and  Cars 2~14 

Mortiser.    Hollow-Chisel,    Woods 36* 

Motive  Power  Salaries,  The  Matter  of .  .  .  .  100 
Motor  Driven  Boring  Machine,  Horizontal  387* 
Motor-Driven  Lathe,  New  Springfield....  265* 
Motor-Driven  Machine  Tools.  Boring  Mills  244* 
Motor-Driven  Machine  Tools,  Drills. .  340*.  380* 
Motor-Driven  Machine  Tools,  Lathes.  137*.  153* 
Motor-Driven  Machine  Tools,  Milling  Ma- 
chine.^     422*.  460* 

Motor-Driven    Machine    Tools,    Shapers, 

269*,    290* 
Motor-Driven    Quartering   Machine 369* 


108 


268 


Motor-Driven  Sbaper,   New  Design 425* 

Motor-Driven   Sbaper,   Power  Test  of 130* 

Motor-Driven    Tools.    Collinwood    ShopH. 

22*.  41*,  102*,   145*,   186» 
Motor-Driving     Applied     to     Woodworking 

Machinery    294*,    375* 

.Motor  Driving  Applied  to  Old  TooIh, 

Wright 124*,  165*.  219*,  410*,  441* 

Mud-Ring  and   Flue-Sbeet   Drill 388* 

.Mueller  Mach.'T.  Co.,  Radial  Drill 330* 

Mueller   Mach.    T.    Co.,    Lathe   Center   Drill   469* 


National   Brake  Jaw  and  Lever  Guide....  158* 

National  Mach.  T.  Co.,  Feed  Gear  Box.  .  .  .  98* 

National  Mach.  T.  Co.,  Speed  Varlator.  .  .  .  228* 

Newton  Mach.  Tool  Co.,  Milling  Mach....  190* 
New    York   C.   &.   H.    R.,   Electric  Traction 

Equipment    450 

New    York   C.    &   H.    R.,    Remarkable   Tire 

Boring,  Albany  Shops 420 

New  York  C.  &  H.   R.,  Rensselaer  Round- 
house. Heating  and  Lighting 49* 

New   York   C.    &    H.    R.,    Spring  Centering 

Device    192* 

New  York  C.  &  H.  R.,  2 — 8 — 0  Locomotive, 

Tandem   Compound    127*.  174* 

New  York  Subway  Cars.  Interborough  Co.  95* 

Niles  Tool   Works,  Boring  Mills 245*.  246* 

Nlles  Tool  Works.   Driving  Wheel  Lathes.  29* 

.Viles  Tool  Works.  Special  Wheel  Press...  344* 
-Norfolk  &   Western.   Power  Test  of  Group 

Motors,    Roanoke   Shops 222*,  264 

Northern  Pac,  4 — 6 — 2  Locomotive 63* 

Norton  Grinding  Co.,  Collinwood  Grinder.  146* 

Novo    Steel    19 


Oil  Cup,  Mechanical,  Lunkenheimer 77* 

Oil-Burning   Locomotive,    Test   of 97* 

Oil  Fuel  Tests  on  Locomotives,  B.  &  M..  .  .  186 

Operating  Standpoint,  Steam  Turbine  from  296* 

Operation,   Machine  Tool,   Requirements  of  69* 

Ore  Cars,  80,000-Lb..  C.  &  N.  W 8* 

Output  of  Old  Machine  Tools 370 


Pacific    Type    Passenger    Locomotives,    C, 

R.  I.  &  P.  Ry 351* 

Packing,    Mica    Metallic 198* 

Packing,   Metallic    368 

Packing  Ring,  Dunbar,   Spacing  Device.  .  .    118* 

Paint,   Fireproof,    Test  of 465 

Paints,  Blue  Lead  as  a  Pigment  for.  . .  .198,  249 
Passenger  and  Dining  Car,  Combination..    366* 

Passenger  Brake  Gear.   High   Speed 308* 

Passenger  Car  Paint  Shop.  Collinwood.  .  .  .    444* 
Passenger  Cars,  Side-Door  Suburban,  I.  C, 

204*.  327*,  358*,  370,  414 
Passenger  Car  Truck,  4-WheeI  Metallic..   197* 
Passenger  Locomotive,   0 — 10 — 0,    Suburb- 
an, English    115* 

Passenger  Locomotive,  2 — 6 — 4,  Suburban. 

P.    &    R 364* 

Passenger  Locomotives.  4 — 6 — 2,  A.,  T.  & 

S.    F '443. 

Passenger  Locomotives.  .4 — 6 — 2,  C.  &  A. .      85* 
Passenger  Locomotives.  4 — 6 — 2,  C.  R.   I. 

&  P 351* 

Passenger  Locomotive,  4 — 6 — 2.  N.  P.  Ky.     63* 
Passenger     Locomotives,      4 — 6 — 0,      Can. 

Pac 32* 

Passenger  Locomotive,  4 — 6 — 0,  D.  &  H..    285* 
Passenger    Locomotives.     4 — i — 2.     4-CyI. 

Balanced  Compound.  A.,  T.  &  S.  F.  212*,  334* 
Passenger  Locomotives,  4 — 4 — 2,  C.  £  A..  458* 
Passenger  Locomotive.  4 — I — 2,  M.  C. .  .  .  33* 
Passenger  Locomotives,  4 — 1 — 2.  Pa.  Lines  131* 
Passenger   Locomotive,    4 — 1 — 2.    P.    &   L. 

E.  421» 

Passenger  Locomotive,  4 — 4 — 2,  Sou.   Pac.  329* 
Passenger    Locomotive,    4 — 1 — 2.    Wabash 

R-    R 437* 

Passenger  Transportation  in  New  York...        51 
Pedestal    and    Journal    Box,    Standard    M. 

C.    B 280* 

"Per  Diem  "  Rules  for  Car  Hire,  Operations 


of 


Pennsylvania  Lines.  4 — 4 — 2  Locomotive. . 
Pennsylvania    R.    R..    Steel    Car    Develop- 
ment     352*,  402* 

Performance,   Remarkable   Locomotive.... 


440 
131» 


435* 
33* 


Personals    293,    333.    384.  453 


Philadelphia   &   Reading.    New   Locomotive 

Repair  Shops  at  Reading,  Pa 0*. 

53»,     114»,     156*,     182*,     235*,     356*, 

Philadelphia  &   Reading,    2 — 6 — i   Loco... 

Pioceworit   and  the   Worlier 

Piecework  System  from  a  Pieceworker's 
Standpoint,    Kepner 233, 

'■Piles   o£    Work" ' 

Pins,   Crosshead,  Limits  o£  Wear 

Pipe  Threading,  Novel  Method  of 

Pistons,  Solid  and  Solid   Rings 

Piston  Valves    

Piston   Valves,   Defense   of 

Piston   \'alves   for  4-Cyl.   Compounds 

Piston   Valves    in   Drifting 

Piston  Valves,  M.  M.  Report 

Piston  vs.  Slide  Valves,  L.  S.  &  M.  S 

Pittsburgh  &  L.  E.,  4 — 1 — 2  Locomotive.  . 

Pittsburgh  &  L.  E.,  McKeSs  Rocks  Loco- 
motive  shops    395*, 

Pittsburgh  &  L.  E..  Motor  Driving  for  Old 
Tools 124*,    165*,    219',    410*. 

Pittsburgh  &  L.  E..  Side  Bearings  and  Cen- 
ter   Plates,    Anti-Friction 

Pittsburgh  &  L.  E.,  Water  Softening  Sys- 
tem, Extensive    -. 395,   400, 

Planer  Drives,  Fly-Wheels  on 181, 

Planer  Driving,  Variations  of  Power  Re- 
quired, Steen   

Planer  for  Railroads,  New  Heavy  Duty.  . 

Planer,  4S-in.,  New  "American" 

Planing    Mill,    Design,    Soule 

Player,  Leaky  Flues  and  Circulation 

Plugging    Staj-bolts,    Dangerous   Practice.. 

Pneumatic  Motor  and  Chain  Hoist,  Dake.. 

Potter  &  Johnston,  Motor-Driven  Shaper.  . 

Power  Costs  of  Operating  Turntables 

Power  Plant,  Jackson  Shops,  M.  C 

Power  Plant,  Reading  Shops,  P.  &  R.182*, 

Power  Plant.  Steam  Turbine.  Mex.  Cent.  . 

Power    Plants,    Economizers    in 

Power  Test  of  an  Electrically-Driven 
Shaper     

Power  Test  of  Group-Drive  Motors,  N.  & 
W.  Ry..  Roanoke  Shops 222*, 

Power  to  Drive  Machine  Tools 

Power  Variations  in  Plauer  Driving,  Steen 

Premium  Plan  for  Traveling  Engineers... 

Prentice  Bros.  Co.,  Drill,  Motor  Drive.  .  .  . 

Prentice  Bros.  Co..  Lathe.  Motor  Drive... 

Prentice  Bros.   Co.,  Mud-Ring  Drill 

Progress.  Machine  Tool,  Feeds  and  Drives, 

21,    27*,    64*,    98*.    143*,    ITS', 

229*,  261*,  2S8*.  330*,  373*. 

Promotions  from  the  Ranks 

Proportions  of  Modern  Locomotives,  Fry.  . 

Proportions  of  Modern   Locomotives 

Prout.  H.  G..  Personal  Notice 

Punch    and    Shear   Combined,    Royersford. 

Putnam  Machine  Co..  Wheel  Boring  Ma- 
chine,  Collinwood   Shops 


403* 

364* 

21 

260 
266 

462* 
419 

443* 
305 
241 

293* 
388 
274 

260* 

421* 

454« 


135 

449* 
22V 

173* 

426* 

392* 

433 

230 

43'2 

344* 

269* 

17 

88* 

235* 

4B(.i* 

427 

130* 

,  264 
418 
173* 
62 
188* 
137* 
201* 


464* 
452 
224 
366 
100 

471* 

189* 


Quartering  Machine.  Electrically  Driven..    369"* 
Quereau,  Tonnage  Ratings,  M.  M.  Report.      27? 


Radial  Drill.  Special  Tapping,  Fosdick.  .  .  .  272* 

Railroad  Shops.  Management  of,  Cozad..  438 
Railway   Shops,   by   R.   H.   Soule, 

?1,   81,    121*,   161,   203,   349,    393,   433 
Reading   Locomotive    Shops.    P.   &   R.    Ry., 

9*,   52*,    114*,    156*.   182*.   235*.   356»,  403* 

Reaming  Attachment  for  Rod  Straps 385* 

Record  Board,   Locomotive.  Convenient....  76* 

Record-Breaking   Driver-Tire  Turning.  .  .  .  420 

Relief  Valve,   Zehnder   Automatic 250* 

Rensselaer  Roundhouse,  N.  Y.  C 49* 

Rhodes.  Link  Slots  in  Knuckles 243* 

Rhodes,  Steel  Underframes  and  Cars 215 

Rings,  Piston.  Solid  and  Solid  Pistons.  .  .  .  443* 

Rod   Straps,   Reaming   Attachment  for.  .  .  .  385* 

Roundhouse.  Rensselaer.  N.  Y.  C 49* 

Rules.  "Per  Diem,"  for  Care  Hire,  Opera- 
tion   of     440 

Royersford  F.  &  M.  Co.,  Punch  and  Shears  471* 

Safest  Place  in  a  Train 201 

St.  John  Grate  Bar 385* 

Salaries  of  Motive  Power  OfBcers 100 

Sanderson.  Gas  Engine  in  Railway  Service  307 

Sanderson.   Steel  Underframes   and  Cars..  216 

Santa  Pe  Type.  Locomotive 372* 

Sayre  Locomotive  Shops.  L.  V.  R.  R..234.  259* 

St.  Paul  Locomotive  Shops,  Great  Northern  234* 
Scholarships     of    the     Master     Mechanics' 

Assn 333 

Scrap    Platform.  Collinwood   Shops 362* 

Seamless    Boilers.     Construction    by    Ehr- 

hardt  Pressing  Process 191* 

Sebastian    Lathe  Co..   Improved   Lathe....  345* 

Seeley.  P.  E.,  Cast-iron  Car  Wheels 135 

Seley.  C.  A..  Steel  Frames  for  Car? 209* 

Sellers.    Wm..    &    Co..    Wheel    Boring    .vfa- 

chine.    Motor-Driven     246* 

Shaper,    New   Design.    Motor-Driven 423* 

Shaper.  Motor-Driven.   Power  Test  of 130* 

Shapers.  Examples  of  Motor-Driven.  .269*.  290* 

Sharp   Journal   Box 78* 


Shear.   Combined  Punch  and,   Royersford..    471* 
Sheedy   Circulating  Pipe,   Locomotive  Cyl- 
inders         339* 

Shop  as  a  School 67 

Shop  Buildings,  Spaces  Between  Insurance     413 

Shop  Floor  Construction,   Good. 440 

Shop,    ideal   Small   Car • i,o_ 

Shop  Impi'ovements,  Jackson  Power  Plant, 

M.   C 88* 

Shop   Management.    Riiilroad.   Cozad 43S 

Shop,   Old,   Good  Work   from 414 

Shops,   Collinwood,  L.   S.  4i   M.  S 20, 

22*,  41*,  102*,   145*,  186*,  206*,  334*, 

■362*.  409*,  444* 
Shops,   Electrically-Driven.  M.   M.   Report.    279* 

Shops  in  Desei-t  Wastes 371 

Shops,    Locomotive.    McKees    Rocks,    P.    & 

L.    E 395*,   454* 

Shops,  Locomotive,  Sayre,  L.  V.  R.  R..234.  2t>9* 
Shops,  Locomotive,  St.  Paul,  Great  North- 
em    234* 

Shops,   Railroad,   Electricity   in 64 

Shops,   Design  of  Railway,  R.  H.   Soule, 

61,  81.  121*,   161,  203.  349,  393,  433 
Shops.   Reading  Locomotive,  P.  &  R., 

9»,   52*,    114*,    156*,   182*.   235*,   356*,   403"* 
Shops,  Topeka  Locomotive.  A..  T.  &  S.  F,., 

i  321*,    377* 

Side  Bearings  and  Center  Plates 310* 

Side   Bearings  and  Cen.   Plates,  Anti-Fric- 
tion, Effect  on  Train  Resistance,  P.  & 

L.  E.   R.   R 135 

Side  Bearings  for  Tenders 383 

Side-Door    Suburban    Passenger   Cars,    Illi- 
nois Central 204*,  327*,  358*,-  370,  414 

Signaling,    Railroad,  .Uniformity    in 180 

Sleeping   Cars,    Goodell,    Originator   of .  .  .  .      44S 
Slichter,    Variable-Speed -Alt.-Current   Mo- 
tors          297 

Slide  vs.  Piston  Valves,  L.  S.  &  M.  S 260* 

Slings  and  Beam,  Crane,  Designs  for 164* 

Small,   Steel   Underframes   and  Cars 214 

Smith  &   Mills.   Motor-Driven   Shaper 291* 

Smith,  R.  D.,  Steel  Underframes  and  Cars     215 
Smoke-Box  Practice,  Modern,   Now  Under- 
stood    Abroad 451 

Soapsuds   in   Air  Compressors 338 

Solid  Piston  and  Solid  Rings 443* 

Soule,  R.  H..  Railway  Shop  Design. 

16.  81.  121*,  161,  203.  349,  393,  433 

Soule's  Articles  on  Railroad  Shops 60 

Southern  Ry.  of  France.  4-Cyl.  Bal.   Com- 
pound   Locomotives    .  ." 5* 

Southern  Pacific.  4 — 4 — 2  Locomotive....    329* 

Special   Apprentice,  The 140,   181,   241 

Specifications  for  Locomotive  Axles 306 

Spring    Centering    Device    for    Locomotive 

Trucks 192* 

Springfield  Mach.  T.  Co..  Ideal  Lathe 27* 

Springfield     Mach.    T.     Co.,     Motor-Driven 

Lathe 194*,   265* 

Stacks    (See  American   Engineer   Tests). 

149*.   162*.   302*,  327* 

Star   Improved   Engine   Indicator 79* 

Starving   Injectors    7 

Stavbolt  Breakages.  Effect  of  Heat  on....      401 

Stayholt   Iron.  Vibration   Test  of 472 

Staybolts,  Dangerous  Practice  of  Plugging     432 

Staybolts,    Hollow,   Tests    of 424 

Staybolts,    Why    do    They    Break 437 

Steam   and  Air  Connections,   M.   C.   B.   Re- 
port     279* 

Steam  Trap.   Morehead   Return 272* 

Steam  Turbine  from  Operating  Standpoint  296* 
Steam  Turbine.  New  DeLaval  Factory.  ...  37 
Steam  Turbine  Power  Plant,  Mex.  Cent...  466* 
Steam  Turbines.  Westinghouse.  for  P.  R.  R.  429 
Steel  Car  Development.  P.  R.  R.   352*.   402,  435* 

Steel  Cars  on  the  B.  &  L.  E 168* 

Steel  Cars.  100.000-Lb..  C.  B.  &  Q 407* 

Steel  Frame  Box  Cars 226 

Steel  Frames  for  Box  Cars,  Seley 209* 

Steel  Underframes  and  Steel  Cars,  Letters 

from   Railroad  Officials 213 

Steen.   Flywheels  on    Machine  Tools 447* 

Steen,  J.  C..  Group  Driving  of  Tools 241* 

Steen,  J.  C.  Planer  Driving.  Variations  of 

Power  Required    173* 

Rtentoe  Shaper  Co.,   Motor-Driven    Shaper.    271* 

Stokers.  Mechanical,  in  Rolling  Mills 37 

Storehouse  Yard  Crane 304* 

Sturtevant.   B.  F,.   Co.,   New  Foundry 431* 

Suburban  Locomotive.  Powerful  English.  .  115* 
Suburban  Locomotive.  Six-Coupled.  P.  &  R.  364* 
Subway  Cars.  New  Y'ork.  Interborough  Co.      95* 

Superheating.  An  Advance  Step  in 332 

Supplement — Tabular    Comparison    of    Re- 
cent Locomotives June  Issue 

Switch  Engine  with  Crane.  A..  T.  &  S.  F.  .    391* 

Table.  Hydraulic  Drop.  B.  &  M.  R 4'"" 

Technical    Training.   Value   of. 419 

Technolexicon.    The     372 

Tender   and   Pilot   Coupler.  Washburn....  202* 

Tenders.    Side   Bearings   for 383 

Testing    Plant.    Locomotive.    Cornell    Uni- 
versity       109 

Testing  Plant,   Locomotive,    St.   Louis   Ex- 
position      266 

Test   of  Fireproof  Paint 40." 

Test    of  Oil-Burning  Locomotive.   A..   T.   & 

S.    F : 9T* 

Test    of   Staybolt    Iron 4r2 

Tests.   The   American   Engineer 70, 

82*.    140.    149*.    182*.    227.    239.    302*.  327* 

Tests,    .\MEniCAN    Engineer.   A   Suggestion  383 

Tests   of  Brake   Shoes    Laboratory 279 

Tests   of   Hollow   Staybolts 424 

Tests  of  Locomotives.  Fireboxes  and  Com- 
pounding      197 

Tests  of  Locomotives.  Prussian  State  Rail- 
ways        195 


Tests,    Oil    Fuel    on    Locomotives,    B.    &    M. 

K.     K.      1S6 

'Thermit,   A  Broces.-:  of  Cast    Welding iu8 

Tncinpson,  I'he  App. entice  Que>tion 436 

Thicading.    Novel    Method    for    Pipe 419 

Time   Element,    Influence   upon   Mechanical 

and   Transportation    Matters S3,    108 

Tiro  Boring  Records,  \\  e^-t  Albany  Shops.  420 

Tires,    Locomotive.    Allowance    for    Wear.  .  247* 

Tou-Mlle    Statistics   of    Locomotives 307 

Tonnage  Ratings,  Effect  on  Transportation 

Costs.    Quereau     275 

Tonnage    Rating  System,   Proper  Handling 

of,    Wickersham    325 

Tool,   Fillet   for  Car  Axles 257* 

Tools,  Improved,  Require  Improved  Work- 
men       266 

Tool    Steel,    Novo 19 

Tool    Steels,    Action    of    New 419 

Tool   Steel   Tests,   Collinwood   Shops 206* 

Topeka  Conference,   Y.   M.  C.  A.,   Railroad 

Branch     157 

Topeka    Locomotive    Shops,    A.,    T.    &    S. 

F.  Ry 321*.  377* 

Tracing  Blue-Prints,   Drawing  Table  for.  .  116* 

Traction    Increaser    and    Weights 299 

Tractive  Power  of  Locomotives.  Chart  for.  239* 

Train   Break-in-Twos.   Some  Causes 414 

Transportation.  Passenger,  in  New  York.  .  51 

Trap,    Steam,    Morehead    Return 272* 

Traveling  Eng.  Assn.,   "Front  End"   Ques- 
tion       426 

Traveling    Engineers'    Convention 379 

Traveling  Engineers,   Premium  Plan  for. .  62 
Triumph      Electric      Co..      Motor      Driving 

Equipment   for  Woodworking  Machinery  376* 
Truck,  Four-Wheel  Metallic,  for  Passenger 

Cars    197* 

Trucks,    Brill.    Development   of 42S 

Turner.   Steel  Underframes  and  Cars 215 

Turntables,  Cost  of  Operating  by  Power,.  17 

Underframes  and  Cars.  Steel,  Letters  from 

Officials    213 

Underground   Ry.   Cars.   New    York 95* 

Uniformity    in    Railroad    Signaling 180 

Valve   Model    Colvin's,    New   Design 345* 

Valve,    Relief,    Zehnder   Automatic 250* 

Valves,    Piston    305 

Valves,    Piston,    Defense    of 241 

Valves,    Piston,    for    4-CyI.    Compounds.  .  .  293* 

Valves,    Piston,    in    Drifting 388 

Valves.    Pi-ston.    M.    M.    Report 274 

Valves.  Piston  vs.  Slide.  L.  S.  &  M.  S 260* 

Van  Alstvne    Steel  Upderframes  and  Cars.  217 

Vanderbiit   Brake   Beam    158* 

Vanderbilt    50-Ton   Coke   Cars 323* 

Variable-Speed  Alternating-Current  Motors  297 

Variable  Speed  Drives  and  Feeds 4r'. 

Vibration   Test   of    Staybolt    Iron 472 

Wabash   R.    R..    4 — 4 — 2    Locomotive 437* 

Wachter  Liquid  Glue.  The  New 315 

Waitt.    Steel   Underframes  and  Cars 215 

Waldron,   Steam  Turbine,  A.  S.  M.  E.   Re- 
port       296 

Wiuioia — Results     (Editorial)     180 

WasBlium   Tender  and   Pilot  Coupler 202* 

Waste.    Grading.    "Merit    Marking   System"  117 

Water    Softening    Installation,     Extensive,  . 

P.    &    L.    E 400,  449* 

Water  Softening  on  Large  Scale 395 

Water-Tube    Locomotive    Boilers 368 

Waugh  Spring  Draft  Gear.   New 346* 

Waycott    Brakebeam.    The    New 2S3* 

Wear.   Allowance  for.   Locomotive  Tires.  .  .  247* 

Wear.   Limits   of.   Crosshead   Pins 462* 

Webb.    F.    W..    Personal 8 

Welding    Machine.    Flue,    Pneumatic 19* 

Welding.   Thermit   Casting   Process 158 

Wellman-Strcet    Steel    Hopper    Car 343* 

Westinghouse  Steam  Turbines  for  P.  R.  R.  429 
What   Motive  Power  Officers  Are  Thinking 

About    136,  177,  407 

Wheel   Hoist  and  Traverser,  Car  Shop.  .  .  .  450* 

Wheel    Press.    Niles.    Elevating   Mechanism  344* 

Wheels.    Car.    Better    Cast-iron 32 

Wheels.    Cast-iron    307* 

Wlieels.    Cast-iron    and    Brake-Shoes 7& 

Wheels,    Cast-iron    Car    Improved    Treat- 
ment  of    135 

Whitestone,    Steel   Underframes   and   Cars.  218 

Wickersham.  R.  S..  Tonnage  Rating  System  325 

Wickhorst,  Lignite  Burning  in  Looonjotives  231* 

Williams.   Steel   Underframes  and  Cars...  215 

Wilson.    George   F..    Personal 53 

Wiring  Tunnel.    Reading  Shops 356* 

Wood  Planer  and  Matcher,  Woods 118* 

Wood.  R.  D.    &  Co..  Boiler  Tools.  Hydraulic  156* 

Woods  Mach.   Co,.  Hoi.   Chisel   Mortiser.  .  .  36* 

Woods  Mach.  Co..  Planer  and  Matcher.  . .  .  118* 
Woods  Mach,  Co..  Woodworking  Machinery, 

Electrically    Driven    294* 

Woodworking       Machinery,       Electrically- 
Driven    294*.  375* 

Woodworking    Tools,    Hollow    Chisel    Mor- 
tiser      36* 

Work  Out  of  an  Old  Shop.  Good 414 

Wright.  R-  v..  Application  of  Motor  Driv- 
ing to  Old  Tools  124*.  165*.  219*.  410*,  441* 

Young  Man's   Chances  To-day 369 

Y,   M.   C,   A..   Educational    Dept 78 

Y.   M.  v..  A.,  Topeka  Conference.   Railroad 

Branch    157 


Zehnder  Automatic  Cylinder  Relief  Valve.    250* 
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J.  F.  DEEMS. 


The  appointment  of  Mr.  Deems  to  the  newly  created  posi- 
tion of  General  Superintemient  of  Motive  Power  of  the  Van- 
(lerbilt  Lines  is  one  which  it  is  a  pleasure  to  announce,  not 
only  because  of  the  fitness  of  the  selection,  but  because  of  the 
far-reaching  and  broad-minded  policy  of  which  the  appoint- 
ment is  a  part.  It  is  not  alone  a  recognition  of  the  growing 
importance  of  motive 
Iiower  problems,  it  is 
a  significant  indica- 
I  ion  of  appreciation  of 
the  possibilities  of  ad- 
vantage to  be  had  by 
drawing  together  to 
one  general  officer  the 
engineering,  operating 
and  commercial  re- 
sponsibilities of  the 
motive  power  branch 
of  the  operation  of  a 
combination  of  rail- 
roads. In  such  a  pol- 
icy the  allied  Vander- 
bilt  roads  inaugurate 
a  plan  which  will 
bring  to  the  owners 
results  of  the  concen- 
tration of  ownership, 
which  could  not  other- 
wise be  obtained.  The 
widely  different  ideas 
of  the  individual  offi- 
cers of  allied  lines  like 
these,  as  expressed  in 
practice,  result  i  n 
large  expenditures 
which  might  be  saved 
by  uniformity  of  con- 
struction and  methods 
of  handling  motive 
power  matters.  No 
one  can  predict  the 
value  of  this  step  to 
these  roads.  It  is  a 
business  move  which 
is  entirely  in  accord 
with  the  spirit  of  the 
times  and  one  which 
will,  unquestionably, 
bring  most  important 
and  far-reaching  re- 
sults similar  to  those 
obtained  by  concen- 
tration so  often  seen 
in  connection  with  large  industrial  combinations. 

Some  months  ago  the  mechanical  officers  of  the  New  York 
Central,  the  Lake  Shore,  the  Big  Four.  Michigan  Central, 
Boston  &.  Albany,  Nickel  Plate,  P.  &  L.  B.  and  Lake  Erie  & 
Western — all  closely  related  lines — formed  an  association  to 
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confer  upon  questions  relating  to  equipment  with  a  view  of 
establishing  uniform  practice  and  avoiding  the  unnecessary 
differences  in  present  construction  which  characterized  the  in- 
dividual railroads,  the  underlying  idea  being  to  work  toward 
a  reduction  of  construction  to  a  common  system  to  be  adopted 
by  all.  These  roads  operate  10,000  miles  in  a  territory  of  the 
densest  traffic;  tney  include  3,fi2.'>  locomotives,  3,60U  passenger 
and  148,10.0  otiier  cars.  This  organization,  of  which  Mr.  A.  M. 
Waitt  is  Chairman  and  Mr.  F.  M.  Whyte  secretary,  has  al- 
ready accomplished  a  number  of  standards  and  now  has  sev- 
eral important  problems  under  way,  such,  for  example,  aa 
the  pooling  of  freight  equipment.  The  appointment  of  Mr. 
Deems  is  an  outgrowth  of  this  plan  and  it  places  a  general 
officer  over  the  strictly  Vanderbilt  lines.  In  its  scope 
and  possibilities  the  position  is  unique  in  this  country  and  it 
is  believed  that  there  is  none  like  it  in  the  world.  The  re- 
sponsibilities of  Mr.  Deems  will  reach  far  beyond  the  material 
to   the   personnel.     It   is   understood   that  he   will   direct  Ihe 

various  motive  power 
departments  of  these 
roads,  which  is  a 
task  requiring  the 
best  knowledge  of  the 
■work,  the  most  care- 
ful and  accurate  judg- 
ment and  the  wideft 
experience. 

Mr.  Deems  comes  to 
his  new  office  thor- 
oughly understanding 
his  problem  and  after 
an  extended  experi- 
ence, which,  in  addi- 
tion to  his  railroad 
work,  includes  the  di- 
rection of  next  to  the 
largest  locomotive 
building  establishment 
in  the  country.  In  this 
w-ay  he  combines  rail- 
road and  commercial 
experience,  without 
which  no  one  would 
attempt  such  responsi- 
bilities. There  is  prob- 
ably no  line  of  indus- 
try so  greatly  in  need 
of  the  application  of 
business  principles 
than  the  part  of  rail- 
road operation  which 
deals  with  locomotives. 
The  establishment  of 
this  office  is,  there- 
fore, considered  as  the 
beginning  of  a  new 
era  in  motive  power 
matters  and  its  effect 
upon  the  future  can- 
not be  estimated. 

Mr.  Deems  is  46 
years  of  age.  He  was 
born  in  Brownsville. 
Pennsylvania,  and  is  a 
graduate  of  the  South 
Western  Institute  of  that  State.  At  various  times  while  obtain- 
ing his  education  he  '  taught  school."  His  first  railroad  work  be- 
gan with  his  apprenticeship  on  the  Baltimore  &  Ohio,  where  he 
later  served  as  a  machinist.  About  15  years  ago  he  went  to 
the  Chicago,  Burlington  &  Quincy  as  a  machinist  in  the  shopi 
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at  Beardstown,  111.  Eight  months  later  he  became  gang  fore- 
man and  then  roundnouse  foreman.  His  next  step  was  to  the 
position  of  roundhouse  foreman  at  Galesburg,  111.,  the  most 
important  division  point  on  the  road.  He  next  returned  to 
Beardstown  as  general  foreman  and  was  soon  made  master 
mechanic  at  Ottumwa,  la.  Then  he  went  bacK  to  Beardstown 
in  the  same  capacity,  where  he  remainea  until  called  to  suc- 
ceed the  late  Joel  West  as  master  mechanic  at  West  Burling- 
ton. It  was  here  that  he  did  his  most  important  work  on  this 
road.  He  established  piecework  on  a  new  basis  and  it  spread 
from  (here  all  over  the  system.  He  has  the  faculty  of  discov- 
ering ability  in  young  men,  and  it  was  this  faculty  which 
made  him  so  strong  on  this  road.  Two  years  ago  he  was 
appointed  to  the  position  of  assistant  superintendent  of 
motive  power  and  soon  succeeded  Mr.  Delano  as  superin- 
tendent of  motive  power.  Ten  months  ago  he  was  called  to 
the  position  of  general  superintendent  of  the  Schenectady 
Works  of  the  American  Locomotive  Company,  a  position 
which  he  has  filled  with  ability  and  success. 

The  success  of  Mr.  Deems  is  the  result  of  his  ability  and 
personality.  He  takes  a  personal  interest  in  every  man 
under  him  and  the  humblest  day  laborer  is  not  beneath  his 
notice.  He  has  repeatedly  said  to  the  writer:  "Humble  work 
does  not  necessarily  take  from  any  man  any  element  of 
manhood."  He  is  always  approachable  and  his  office  is  always 
open  to  any  subordinate  of  any  degree  who  comes  with  a 
claim  of  injustice.  While  always  accessible,  genial  and 
friendly,  his  experience  is  such  that  no  workman  can  deceive 
him.  With  all  these  traits,  authority  and  discipline  do  not 
suffer.  In  his  article  in  our  June  number  of  last  year  he 
gave  the  following  expression:  "There  is  no  authority  worthy 
the  name  except  that  which  secures  voluntary  service;  there 
is  no  official  dignity  except  that  which  is  based  on  the  love 
and  respect  of  the  subordinate  for  the  superior,  and  if  the 
railroads  could  to-day  measure  in  dollars  and  cents  the  exact 
cost  of  this  so-called  authority  or  official  dignity,  they  would 
probably  find  it  a  liability  of  much  greater  magnitude  than 
they  now  realize." 

A  friend  and  associate  in  his  work,  who  has  been  close  to 
him  for  fifteen  years,  expressed  the  following  view  of  the 
secret  of  the  success  of  Mr.  Deems: 

"It  is  his  absolute  loyalty  to  his  friends  and  his  love  for 
his  work  and  his  associates.  This  means  all  the  men  who 
are  working  for  him,  from  the  humblest  to  the  highest.  It 
comes  from  the  heart — it  is  not  'put  on,"  he  really  means  it. 
He  treats  the  men  under  him  always  as  a  gentleman,  never 
losing  his  temper,  and  he  is  happiest  when  he  can  do  some 
personal  favor  for  them.  These  many  traits  of  character  are 
what  make  him  so  popular  with  the  men  and  such  a  good 
executive.  He  gets  their  voluntary  support,  and,  after  all, 
it  is  voluntary  support  that  makes  any  man  and  not  the 
support  which  is  given  for  any  other  consideration." 


THE    COMPOUND    LOCOMOTIVE    AND    ITS    DEVELOP- 
MENT IN  FRANCE. 


The  starting  of  large  gas  engines  has  presented  an  inter- 
esting problem.  A  newly  developed  oil  engine  built  by  the 
Campbell  Gas  Engine  Company,  of  Halifax,  England,  is  started 
by  high-pressure  burnt  gases  stored  in  a  cylinder  or  bottle 
which  is  charged  from  the  gas  engine  cylinder  through  a  pipe 
connecting  the  storage  cylinder  with  the  combustion  space  of 
the  engine  cylinder.  When  an  explosion  takes  place  in  the 
engine  cylinder  the  pressure  forces  some  of  the  burnt  gases 
through  the  pipe  into  the  storage  bottle  at  a  pressure  of  about 
150  lbs.  per  square  inch.  A  check  valve  holds  this  pressure  in 
the  bottle  and  its  capacity  is  sufficient  to  start  the  engine  three 
or  four  times  without  recharging.  The  recharging,  however, 
takes  place  automatically  whenever  the  engine  is  running. 
This  engine  is  described  in  The  Engineer,  of  London. 


BY    A.    HEBDNEB. 


Assistant  Chief  Engineer  of  Motive  Power  and  Rolling  Stock. 


SOUTHERN     (MIDI)    RAILWAYS    OF   FRANCE. 


(.Concluded  from  Vol.  LXXVI ,  Page  386.) 


An  element  evidently  very  important  in  compound  loco- 
motives, and  which  cannot  be  governed  by  any  definite  for- 
mula, and  in  the  determination  of  which  the  sagacity  of  the 
designer  necessarily  plays  an  important  part,  is  the  ratio 
of  volumes  of  high  and  low  pressure  cylinders  that  is  best 
to  adopt.  However,  the  magnitude  of  this  ratio  must  be  con- 
sidered as  intimately  related  to  the  general  data  and  tJesign 
of  the  locomotive.  About  twelve  years  ago,  at  the  time  when 
the  compound  locomotive  had  become  the  live  subject  in 
France,  I  tried  to  treat  the  above  question  by  calculation,  and 
here  is  the  method  I  have  followed: 

Let  us  consider  steam  admitted  into  a  high-pressure  cylin- 
der of  a  compound  locomotive  with  a  given  expansion  under 
the  absolute  pressure  P  and  exhausting  from  the  low-pressure 
cylinder  under  the  atmospheric  pressure  H.     If  the  cylinder 
clearance  and  initial  condensation  be  neglected  it  is  evident 
that  the  manner  of  the  steam  utilization  will  be  entirely  de- 
fined by  the  three  ratios: 
K  =  ratio  of  the  cylinder  volumes. 
f=  degree   of  admission   into   high-pressure   cylinder. 
P=  degree  of  admission   into  low-pressure  cylinder. 
Three  equations  being  necessary  to  determine  the  three  ratios, 
we  can  propose  to  satisfy  ourselves  with  three  distinct  condi- 
tions that  we  choose  among  the  most  probable  that  will  assure 
an  economical  or  advantageous  performance. 

The  first  condition  that  comes  to  our  mind  consists  in  the 
realization  of  a  given  degree  of  total  expansion,  D,  this  being 
the  ratio  of  initial  volume  of  steam  to  the  final  volume.  This 
condition  is  written  as  follows: 

f  =  KD (1) 

Another  condition,  •which  at  present  it  does  not  appear 
advantageous  to  completely  realize,  but  which  answered  well 
to  the  exigencies  of  the  time,  is  expressed  in  the  equation: 

FK  =  1 (2) 

which  signifies  that  there  will  be  no  fall  in  the  pressure  in  the 
receiver,  whose  capacity,  however,  is  supposed  to  be  very  large. 
For  the  third  condition  we  can  assume  that  the  work  devel- 
oped in  each  pair  of  cylinders  is  equal  among  them.  Prom 
this  we  write  the  equation: 

F         1  hk 

Log.e    —  = i'i) 

f  KF  Pf 
But  it  may  be  more  interesting  to  ascertain  rather  than  the 
equality  of  work  the  equality  of  maximum  forces  to  which 
the  parts  of  transmission  of  the  propelling  mechanism  are 
subjected.  In  that  case  the  equation  (3)  can  be  substituted 
by  the  following: 


0. 


.(4) 


—  K^F  +  K  (F  —  f)  —  f 
P 

Finally  we  can  simply  propose  to  realize  the  equality  of 
degrees  of  admission  in  each  of  the  two  cylinders;  then  the 
third  condition  can  be  expressed  as  follows: 

F  =  f (5) 

The  determination  of  the  correlative  values  of  K,  f,  P  will 
result,  then,  according  to  the  choice  that  will  be  made  from 
among  the  last  three  expressions,  from  the  simultaneous  reso- 
lution of  one  of  the  groups  of  the  following  equations:  (1, 
i.  3),    (1,   2,  4),    (1,  2,   5), 
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Geometrically  the  problem  will  consist  (see  Fig.  5)  In  divid- 
ing a  combined  steam  diagram  A  B  C  D  E  by  a  parallel  line 
1  H  to  A  B  and  B  D,  and  this  i.s  what  would  result  accord- 
irgly:  Area  ABHI  =  Area  IHCDB,  or  Al  X  IH  =  IE  X  ED,  or 
finally    (1H)  =  =  AB  X  ED. 

When  it  concerns  an  engine  with  a  variable  expansion,  and 
in  particular  a  locomotive,  the  method  that  we  have  just 
indicated  can  evidently  be  applied  only  to  the  normal  position 
of  the  lever;  that  is  to  say,  to  the  working  cut-off  in  the  cyl- 
inders. For  any  other  position  of  the  lever,  K  being  deter- 
mined and  £  becoming  an  independent  variable,  we  can,  nev- 
ertheless, propose  to  estaolish  between  t  and  F  a  certain  rela- 
tion destined  to  derive,  for  all  positions  of  the  reverse  lever, 
the  benefit  of  one  or  the  other  of  the  last  two  conditions  that 
have  been  sought  for  the  normal  position  of  the  reverse  lever. 
If  it  is  considered  that  condition  (5)  does  not  present  any 
interest  unless  it  can  be  satisfied  for  all  degrees  of  admission, 
we  are  thus  led  to  consider  five  different  solutions  that  can 
b.'  represented  by  the  following  symbols: 

1,  a,  3,        1,  2,  3.        1,  a,  4,        1,  2,  4.        1,2,  5, 

2  3  2  4  5 

and  to  several  which  correspond,  as  far  as  the  distribution  is 

concerned,   to  arrangements   that  were  and   are   yet  actually 

applied. 

The  study  of  these  combinations,  not  coming  entirely  within 

the  scope   of   this  article,   and   presenting   to-day   an   interest 

rather  retrospective,  we  will   limit  ourselves  to  indicating  a 

few  numerical  results  obtained  by  means  of  our  formulae  for 

the  normal  position  of  the  reverse  lever: 

K  t  P 

Equality   of  work    1.67  0.334  0.599 

Equality  of  ma.\imum    forces 1.96  0.392  0.509 

Equality  of  admissions    2.24  0.447  0.447 

The  examination  of  the  above  formulae  shows  that  if  all 
things  are  otherwise  equal,  P  increases  the  values  of  K  cor- 
responding to  the  equality  of  forces,  or  slightly  diminishes 
the  equality  of  work,  while  the  values  corresponding  to  the 
equality  of  admissions  remain  invariable.  If  all  things  are 
otherwise  equal  and  the  total  expansion  is  increased,  the 
values  found  for  K  increase  quite  rapidly.  In  particular,  if 
the  expansion  is  sufficiently  prolonged  to  have  the  steam 
exhaust  at  the  atmospheric  pressure  the  three  values  for  K 
are  intermixed  in  such  a  manner  that  the  quality  of  work, 
equality  of  forces  and  that  of  admissions  are  realized  simul- 
taneously. In  practice  it  will  be  admitted  that  by  increasing 
P  there  should  be  a  corresponding  increase  in  the  total  degree 
of  expansion  in  such  a  manner  that  there  should  be  very  nearly 
PD  =  constant. 

Let  us  consider,  in  this  hypothesis,  the  case  where  P  =  15 
kilograms  (16  kilograms  is  equivalent  to  213.34  lbs.)  pressure 

1 

per  square  inch,  and,  consequently,    D  =  .     The  values  of 

6.25 

K,  f  and  F  will  then  become  the  following: 

K  f  F 

Equality   of  work    1.88  0.300  0.532 

Equality   of  maximum    forces 2.23  0.356  0.448 

Equality   of  admissions    2.50  0.400  0.400 

Thus,  as  we  have  already  remarked,  experience  has  shown 

that  a  moderate  fall  of  pressure  in  the  receiver  is  not  only 

without  disadvantage,  but  actually  presents  a  real  advantage. 

Instead  of  expressing  that  this  fall  of  pressure  is  naught,  we 

could   perhaps   be   led   to    assume   that   it   has   a   determined 

value,  c;     equation    (2),  above  evolved,  can  be  now  replaced 

by  the  following: 

Pf 

Pf =  C- (2  bis) 

Kf 

1 

Let  us  take  as  before  P=15  kilograms  and  D  = ,  and 

6.25 

we   will    make  c  =;  J   kilogram    (1   kilogram  =  14.22   lbs.   per 


square  Inch).    The  values  formed  under  these  conditions  for 
these  three   ratios  are  those   indicated   below: 

K  f  F 

Equality   of    work    2.28  0.365  0.537 

Equality   of   maximum  forces 2.50  0.400  0.480 

Equality   of   admissions    2.70  0.4.'!3  0.433 

Although  the  above  figures,  taken  as  a  whole,  approach  very 
nearly  the  coefficients  actually  employed  in  practice,  they  can- 
not of  course  serve  any  other  purpose  than  a  simple  indlca- 


FIG.  .-i. 

tiou.  We  believe,  however,  to  be  able  to  make  from  the  above 
the  following  legitimate  conclusion:  First,  that  for  higher 
values  of  initial  boiler  pressure  it  is  best  to  employ  greater 
values  for  K ;  second,  that  the  values  attributed  to  K  shoul'i 
increase  with  the  allowable  theoretical  increase  of  the  fall  of 
pressure  in  the  receiver;  third,  that  the  condition  of  the 
equality  of  work  is  that  which  gives  the  least  values  for  K  .■• 
fourth,  and  finally,  that  the  condition  of  the  elquality  of  de- 
grees of  admissions  is  that  which  allows  us  to  adopt  for  K  the 
greatest  values. 

It  is  explained  from  the  above  why — for  the  four-cylinder 
locomotives  of  the  hrst  and  second  category,  in  which  the 
steam  distribution  in  each  pair  of  cylinders  is  governed  by  a 
common  valve  or  by  two  valves  mounted  on  one  valve  stem 
(the  tandem  compound) — the  values  for  K  were  generally 
made  relatively  high.  It  is  thus  that  we  find  in  the  locomo- 
tives of  the  Plant  System  of  Railways  and  the  one  of  the  Wis- 
consin Central  (proposed),  to  cite  only  the  most  recent  exam- 
ples, the  values  for  K  equal  to  2.77  and  to  2.70  respectively. 

It  is  not  to  be  understood  that  the  equality  of  admission  ir. 
these  locomotives  is  to  be  an  inevitable  consequence  of  their 
style  of  construction.  [Because  of  having  one  common  valve 
for  one  high  and  one  low  pressure  cylinder. — Editor.]  The 
high  and  low  pressure  laps  on  those  valves  need  not  neces- 
sarily be  equal  and  a  slight  difference,  which  actually  exists, 
of  %  in.  in  the  Vauclain  compound  locomotive  for  the  Plant 
System  of  Railways  and  about  3-32  in.  in  the  Wisconsin  Cen- 
tral Railway  locomotive,  is  perfectly  allowable.  But  since  the 
sum  of  the  lap  and  linear  advance  of  admission  is  always  the 
same  for  both  cylinders,  these  differences  are  necessarily  very 
limited  in  practice. 

It  is  evident  that  a  four-cylinder  compound  locomotive,  like 
the  one  of  Mr.  Webb,  in  which  K^  1.867,  could  not  adapt  itself 
to  a  similar  distribution.  Mr.  Webb  has  correspondingly  ar- 
ranged his  valves  on  two  separate  valve  rods  connected  with 
each  other  by  a  third  horizontal  lever  with  unequal  arms. 
The  valves  have  thus  two  different  travels,  but  as  it  is  the 
throw  of  the  eccentric  that  gives  the  actual  movement  to  the 
valve,  which  is  always  the  same  for  both  valves,  it  can  easily 
be  conceived  that  a  similar  interdependence  may  be  consid- 
ered disadvantageous. 

Mr.  Von  Borries,  by  employing  the  Walschaert  valve  motion 
with  two  pendulums,  manages  to  give  to  his  high  and  low 
pressure  valves  two  different  travels,  both  through  the  ampli- 
tude of  the  pendulum  governed  by  the  stroke  and  the  throw 
of  the  eccentric,  which  give  the  actual  travel  to  each  one  of 
them.  Elegant  as  this  solution  may  appear,  t  is  nevertheless 
easy  to  understand  that  because  of  the  arrangement  of  the 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


mechanism  employed,  these  two  elements  of  the  valve  distri- 
bution are  geometrically  combined  in  such  a  manner  that  they 
cannot  be  governed  independently  of  each  other,  or  for  ea<li 
of  the  two  valves  under  consideration  in  particular. 

The  use  of  four  valve  motions  governed  by  a  single  revers- 
ing mechanism  seems  to  offer,  in  this  respect,  a  much  larger 
latitude  in  the  sense  that  the  choice  of  the  most  proper  ele- 
ments to  assure  a  good  steam  distribution  is  only  limited  by 
considering  the  different  positions  of  the  reverse  lever. 

But  all  these  solutions  present  one  common  disadvantage, 
resulting  from  the  fact  that  all  the  different  phases  of  the 
^  steam  distribution  in  the  low  pressure  cylinder,  as  well  as 
those  in  the  high-pressure  cylinder,  are  entirely  determined, 
whatever  the  speed  may  be,  by  the  position  of  the  reverse 
lever,  that  the  amount  of  work  to  be  furnished  has  led  the 
engineer  to  adopt.  Moreover,  if  we  stop  to  consider,  all  other 
things  being  otherwise  equal,  how  much  the  speed  influences 
the  shape  of  the  steam  tiiagram  taken  by  a  steam  indicator,  it 
will  be  admitted  that  the  most  complete  and  the  most  satis- 
factory solution  concerning  the  steam  utilization  is  the  one 
adopted  at  the  very  first  by  Mr.  de  Glehn,  and  which  consists 
in  the  division  of  the  reversing  gear.  Thanks  to  this  division, 
the  engineer,  without  changing  the  admission  In  the  H.  P. 
cylinder,  and  consequently  without  modifying  appreciably  the 
quantity  of  steam  consumed  per  stroke,  can  vary  not  only  all 
the  phases  of  the  steam  expansion  in  the  b.  P.  cylinder,  simul- 
taneously as  to  the  duration  and  importance  of  pressures  in 
play,  but  also  the  governing  pressure  in  the  receiver,  and  con- 
sequently the  back  pressure  in  the  high  pressure  cylinder. 
He  is  thus  in  a  position  even  to  combine  between  them  what- 
ever may  be  the  amount  of  work  to  be  developed,  or  whatever 
may  be  the  speed  at  which  that  work  is  to  be  furnished,  the 
degrees  of  admissions  in  the  H.  P.  and  L.  P.  cylinders  found 
most  advantageous— that  is  to  say,  those  that  will  allow  him 
to  produce,  with  the  same-  amount  of  steam  consumed,  the 
greatest  quantity  of  work.  We  do  not  forget  that  this  ar- 
rangement, which  is  mostly  reproached  for  its  complications, 
has  often  been  criticised,  especially  in  Germany  and  America. 
We  confess  not  to  understand  the  importance  which  was 
often  attributed  to  these  criticisms.  The  double  reversing 
gear  cannot  appreciably  increase  the  initial  cost  of  the  loco- 
motive, nor  the  cost  of  repairs,  and  the  advantages  It  affords, 
indisputable  indeed,  as  far  as  economy  and  power  developing 
is  concerned,  could  have  been  very  small  indeed  to  compensate 
for  so  little  an  increase  in  cost.  It  will  be  objected  that  it 
leaves  to  the  engineer  too  large  an  initiative,  which  he  might 
abuse  in  combining  irrationally  the  different  degrees  of  ad- 
missions. This  is  not  our  opinion.  We  have,  on  the  contrary, 
always  noted  that  those  interested  In  getting  the  most  work 
out  of  their  engine,  interested  in  the  economy  of  fuel,  who 
year  after  year  operate  the  same  locomotive,  and  who  have 
frequent  occasions  to  mutually  exchange  observations,  have 
come  to  adopt,  in  a  measure,  inevitably,  even  in  the  absence  of 
comprehensive  instructions,  and  oftentimes  in  spite  of  them,  a 
way  of  running  their  engines  most  conforming  to  their  inter- 
ests, and  consequently  the  most  advantageous  and  most 
economical. 

It  has  often  been  said  that  the  compound  locomotive  is 
more  susceptible  to  a  poor  steam  distribution  than  the  simple 
expansion  locomotive.  This  is  correct,  and  we  cannot  exercise 
too  much  care  to  especially  note  that  in  no  case  should  the 
final  pressure  of  the  steam,  compressed  in  the  cylinder  clear- 
ance space,  particularly  in  the  H.  P.  cylinder,  attain  so  high 
a  pressure  as  to  be  likely  to  interfere  with  the  free  movement 
o£  the  engine. 

Let  us  designate  by  U  and  u  the  volumes  occupied  by  the 
Bteam  at  the  beginning  and  the  end  of  the  period  of  compres- 
sion. The  final  pressure,  p,  of  the  steam  compressed  In  the 
high  pressure  cylinders  will  be  expressed  In  tbe  following 
equation: 


U       Pf 

P  =  —  X 

u         Kf 

Where,  after  equation   (2  bis) 

U 
P  =  -  X  (Pf  -  c) 
u 

Three  means  are,  therefore,  at  the  disposal  of  the  designer 
to  reduce  the  value  of  P  for  the  given  values  of  P  and  f.  1st: 
u  can  be  increased,  which  will  necessitate  principally  increas- 
ing the  cylinder  clearance  and  incidentally  the  linear  advance 
of  the  values. 

2nd:     U  can  be  decreased  by  employing  negative  laps. 

3rd:  fiinally,  c,  which,  as  is  shown,  represents  the  fall  of 
pressure  in  the  receiver,  can  be  increased  by  giving  longer 
admission  to  the  lower  pressure  cylinder. 

In  practice  two  of  the  means  are  generally  resorted  to  at  the 
same  time,  and  sometimes  even  all  the  three  means;  but  as 
they  all  enter  in  very  variable  quantities,  it  results  for  the 
steam  distribution  in  use  in  quite  appreciable  differences. 

Mr.  Von  Berries,  who  has  always  avoided  an  excessive  fall 
of  pressure  in  the  receiver,  gives  preference  to  the  employ- 
ment of  the  first  two  means.  In  this  regard,  he  has  estab- 
lished certain  definite  rules  which  consist  in  allowing  a  cylin- 
der clearance  of  12  per  cent,  of  the  cylinder  volume,  of  inside 
negative  laps  equal  to  20  per  cent. — and  even  25  per  cent. — 
of  the  inside  lap,  and  of  linear  advances  of  about  10  per  cent, 
of  the  outside  lap,  the  whole  with  a  value  of  K  not  exceeding 
2.25  and  the  valve  gears  arranged  for  a  difference  of  about 
0.10  between  f  and  F  for  the  usual  cut-offs.  These  conditions, 
however,  seem  to  apply  mostly  to  the  two-cylinder  compounds 
having  an  initial  pressure  not  exceeding  184.9  lbs. 

The  Northern  Railways  have  also  till  quite  recently  allowed 
cylinder  clearances  of  about  12  per  cent,  of  the  cylinder  vol- 
ume, but  the  inside  negative  laps  of  its  valves  were  much  less. 
On  the  other  hand,  the  fall  of  pressure,  relatively  greater,  that 
occurred  in  the  receiver,  did  not  show  any  appreciable  dis- 
advantage, especially  at  high  speeds,  because  of  having  the 
valve  gears  entirely  independent  and  left  to  the  engineer  all 
possibility  to  regulate  the  magnitude  of  this  fall  of  pressure, 
according  to  the  work  to  be  done. 

On  the  Paris,  Lyons  and  Mediterranean  Railways,  where  in- 
side negative  laps  are  not  allowable,  the  third  of  the  above 
named  means  is  especially  employed  to  reduce  the  final  pres- 
sure of  compression.  This  accounts  for  the  special  arrange- 
ment of  the  valve  motions  adopted  by  this  company  and  which 
are  made  interdependent  in  such  a  manner  as  to  mechanically 
assure  a  constant  and  prolonged  admission  in  the  lower  pres- 
sure cylinders.  Finally,  on  the  Eastern  Railways  of  France, 
where  all  three  of  the  above  means  are  made  use  of,  it  seems 
nevertheless  that  a  certain  preference  is  given  to  the  first  of 
them,  since  on  its  last  built  locomotives  the  cylinder  clear- 
ance in  the  high  pressure  cylinders  is  as  high  as  20  per  cent, 
of  the  cylinder  volume.  For  the  low  pressure  cylinders,  which 
with  reference  to  compressions  are  very  much  analogous  to  the 
cylinders  of  simple  expansion  locomotives, — a  cylinder  clear- 
ance of  7  per  cent,  to  8  per  cent,  of  the  cylinder  volume  can  be 
used,  like  that  in  the  simple  engine,  and  with  valves  set  for 
inside  lap  line  in  line  or  very  small  negative  laps.  In  any 
event  whenever  an  engine  is  designed  to  work  with  a  very 
lew  pressure  in  the  receiver,  it  may  even  be  desirable  to  in- 
crease the  above  two  elements. 

Which  among  the  diverse  methods  employed — all  evidently 
being  of  a  nature  to  insure  a  free  steaming  locomotive — 
are  those  which  at  the  same  time  give  the  most  economic  per- 
formance of  the  steam  consumed? 

This  question  is  rather  difficult  to  answer  a  priori,  and 
comparative  experiences  are  only  misleading.  But  what  ap- 
pears to  us  beyoud  doubt  is  that  the  common  steam  distribu- 
tions for  both  high  and  low  pressure  cylinders  are  those  that, 
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because  of  the  lesser  number  of  elements  that  can  be  chosen 
by  the  designer,  are  least  adaptable  to  the  realization  of  the 
conditions  most  fevorable  to  the  -best  utilization  of  the  steam 
at  all  positions  of  the  reverse  lever.  The  use  of  four  distinct 
valves  governed  by  a  single  reversing  gear  permit  the  de- 
signer to  choose  in  the  largest  measure,  among  the  means 
above  indicated,  those  that  appear  to  him  most  advan- 
tageous to  regulate  the  compiession  phases.  But  when  in  this 
regulation  the  considerable  influence  of  the  speed  is  considered, 
whose  effect  may  be  equivalent  to  an  increase  of  the  initial 
volume  U  of  the  compressed  steam,  it  is  indispensable,  in 
order  to  prevent  the  finill  pressure  p  from  attaining  in  certain 
cases  an  excessive  value,  to  be  able  to  increase  the  value  of  c 
or  the  fall  of  pressure  in  the  receiver. 

In  other  words,  this  result  cannot  be  obtained  in  practice 
unless  we  reserve  for  ourselves  the  means  of  varying  the  de- 
gree of  admission  F  independently  of  tue  admission  f.  In  in- 
creasing F,  not  only  the  compression  in  the  H.  P.  cylinder  is 
reduced,  but  also  that  in  the  L.  P.  cylinder;  it  is  with  this  fact 
that  our  engineers  have  become  acquainted,  more  or  less  in- 
stinctively,   inasmuch    as    they    have    got    into    the    habit    of 

f 
giving,  if  not  the  ratio  — ,  at  least  to  the  difference  F  —  f,  in- 

F 
creasing   values   with    the    increase    in    speeds    they    wish    to 
realize. 

The  description  we  have  given  above  of  the  diverse  methods 
employed  to  avoid  excessive  compressions  shows  clearly  that 
the  four-cylinder  compound,  although  a  more  recent  locomo- 
tive, has  not  benefited  in  a  measure  we  were  tempted  to  expect 
from  the  experience  obtained  previously  with  the  two-cylinder 
compound  in  other  countries.  The  four-cylinder  compound 
has  been  developed  for  its  own  sake.  The  first  locomotives 
(as  the  first  two-cylinder  compound  locomotives)  have  been  re- 
proached in  not  being  able  to  make  speed,  and  it  must  be  ad- 
mitted that  a  certain  number  of  locomotives,  built  after  the 
time  when  the  rules  of  Mr.  Von  Borries  were  already  known, 
deserved  this  reproach,  though  in  a  very  small  degi-ee.  The 
splendid  tests  made  by  Mr.  Barbier  of  the  Northern  Railways 
in  1897  under  the  direction  of  Mr.  Du  Bousquet,  have  enabled 
us  to  improve  certain  arrangements  most  adaptable  to  assure 
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to  the  four-cylinder  compound  locomotive  a  very  free  running 
and  liavo  given  a  most  interesting  series  of  results.  Mr.  Bar- 
liier,  and  Mr.  Von  Worries  agree  in  their  conclusions  as  to  tlie 
lulvanlage  of  large  cylinder  clearances  and  appropriate  inside 
negative  lap.  Mr.  Harbier  recommends  in  addition  the  increase 
o1  the  areas  of  steam,  the  volumes  of  steam  chests,  the  section 
of  the  admission  and  exhaust  ports  and  in  general  the  sup- 
pression of  every  obstacle  to  the  free  circ\ilation  of  the 
steam. 

The  experiments  previously  made  by  the  Western  Kailways 
brought  out  the  importance  of  the  advantage  in  increasing 
the  volume  of  the  steam  chests  and  the  secttion  of  the  steam 
pipes. 

The  splendid  work  recently  performed  by  locomotive  No. 
2645  of  the  Northern  Railways,  which  with  a  train,  back 
of  tender,  of  196  tons,  has  covered  a  distance  of  120  miles,  be- 
tween Paris  and  Arras,  in  112  minutes — that  is,  at  an  average 
speed  of  64.4  miles  per  hour — shows  that  the  results  sought 
have  been  attained  in  the  largest  possible  measure.  This  per- 
formance is  so  much  more  remarkable  from  the  fact  that  the 
long  grades  of  \<2  per  cent,  have  been  covered  at  a  speed  of 
75  miles  per  hour,  and  even  higher,  and  that  higher  speeds 
have  not  been  made  on  down  grades  on  account  of  train  being 
ahead  of  time. 

The  four-cylinder  compound  locomotives  which  are  at  pres- 
ent employed  in  France,  a  great  number  of  which  have  been 
designed  by  Mr.  de  Glehn,  or  built  on  the  same  principles,  can 
bfj  classified  into  five  principal  types: 

(1)  Fast  passenger  locomotives,  8-wheel,  or  generally  known 
as  the  "American"  type.  This  type  of  engine  is  at  present 
employed  by  all  railway  companies,  as  well  as  by  the  State 
railways. 

(2)  Fast  passenger  locomotives  of  the  "Atlantic"  type.  At 
present  only  the  Northern  Railways  possess  this  type  of  loco- 
motive, series  Nos.  2641  and  2660.  Similar  locomotives  are 
being  built  for  the  Southern  and  Eastern  Railways  and  still 
other,   more   powerful,   for   the    Paris-Orleans   Railways. 

(3)  The  10-wheel  type,  first  put  in  service  in  1896  by  the 
Southern  Railways  and  which  has  since  been  reproduced  by 
other  railway  companies  and  State  railways  with  more  or  less 
important  modifications,  but  which  do  not  alter  its  general 
aspect. 

(4)  8-wheel  connected  locomotives  of  the  Paris,  Lyons  and 
Mediterranean  Railways,  a  number  of  which  have  been  trans- 
formed into  10-wheelers  (of  the  type  3)  by  substituting  a 
4-wheel  truck  in  place  of  the  forward  driver. 

(5)  The  "Consolidation'  type  engine  built  in  1901  for  the 
Southern  Railways  and  of  which  there  are  so  far  but  two 
locomotives,  Nos.  4001  and  4002. 

The  first  four  types  above  defined  are  sufficiently  known  to- 
day to  call  for  a  more  detailed  description;  but  agi'eeable  to 
the  readers  of  the  American  Engineer  and  Railroad  Journal, 
we  attach  to  this  article  a  photograph,  principal  data  and  a 
few  general  drawings  of  the  engine  No.  400]  of  the  Southern 
Railways. 

These  locomotives  haul  trains  of  220  tons  on  3.3  per  cent. 
grades  on  the  Beziers  to  Neussargues  division  with  an  equiva- 
lent kilometric  consumption  of  steam  and  of  slightly  inferior 
kilometric  consumption  of  coal  than  our  older  8-wheel  coupled 
locomotives,  single  expansion,  and  which  cannot  haul  more 
than  159.8  tons  on  the  same  grades. 

PRINCIPAL    DATA    OK    LOCOMOTIVES     NOS.    4001    ANI1     40o2. 
Southern   Railways  of  France. 

Boiler  pressure    .- 213.35  lbs.   per  sq,   iu. 

Grate  area    31   sq.   ft. 

Heating  surface — 

Firebox    170   sq.  ti 

Tubes    2.586   sq.   ft. 

Total    2.756    sq.    ft. 

Serve  Tubes — 

Number    148 

Outside    diameter    3    ins. 

Thickness   7-64  in. 

Length  between  flue  sheets    14  ft.  15-16   in 

Inside  mcnn   di.imoter  of  lioiler    4  ft  11  9-16  ins. 

Cylinders — 

IMameter  of  high   pressure  cylinder    15%    ins. 


Diameter  ol  low  pressure  cylinder    23  19-32   Ins. 

Strolje    2S  19-32    Ins. 

Ratio  of  low  to   high  pressure  cylinder   2.360 

Ratio  uf  volume  of  receiver  to  that  of  both  high  preusure  cylindeis.  1.740 

Diameter   of   driving    wIhicIh    55%    Ins. 

Diameter  of  pony  truck  wheels    33 '^    Ins. 

Wheel  base,  distance  from — ■ 

Pony  truck  to  forward  driving  axle   7  ft.   %  In. 

Forward  driving  axle  to  11.  P.  main  axle 6  ft.  2  13-16  Ins. 

II.  i'.  main  axle  to  L.  P.  main  axle 4  ft.  9'/,   Ins. 

L.  P.  main  axle  to  rear  axle 5  ft.    %   In. 

Total  wheel  base    23  ft.   1  9-16   Ins. 

Weight  of  locomotive  light   142.340   Ihs. 

Weight  in  working  order — 

First   axle    16,400    lbs. 

Second  axle    35,530    lbs. 

Third   axle    35.5.'!0    lbs. 

Kourth  axle    35.530   lbs. 

Filth   axle    35,530    lbs. 

Total     157.520     lbs. 

Adhesive  weight    142.120    lbs. 

Total  length  of  engine    36  ft.    10  5-16  Ins. 

Kditor's  Note. — We  arc  Indebted  to  Mr.  Charles  M.  Muchnic,  formerly 
mechanical  engineer  of  the  Denver  &  Rio  Grande  Railway,  for  the  trans- 
lation of  Mr.   Hcrdner's  article. 


STARVING  INJECTORS. 


II  is  not  unusual  for  a  large  locomotive  injector  to  throw 
3,500  to  4,500  gallons  of  water  into  a  locomotive  boiler  in  an 
hour  and  yet  such  delivery  is  expected  to  be  provided  for 
through  pipes  no  larger  than  were  formerly  used  in  connec- 
tion with  injectors  which  would  deliver  but  2,000  gallons  in 
that  time. 

While  great  progress  has  been  made  in  connection  with 
other  parts  of  locomotives,  the  injector  connections  have  not 
been  given  the  attention  which  they  deserve  and  the  locomo- 
tive has  fairly  outgrown  them.  In  many  cases  the  old  stand- 
ards have  remained  the  same  for  about  20  years,  notwith- 
standing the  fact  that  locomotives  have  been  more  than 
doubled  in  capacity  in  that  time.  With  increased  boiler  capa- 
city and  high  steam  pressure  it  is  necessary  to  use  injectors 
which  will  deliver  a  great  deal  more  water  than  that  which 
formerly  sufficed,  and  the  time  has  come  for  a  radical  change 
in   this  practice. 

There  seems  to  be  no  reason  why  at  least  3-in.  smooth-bore 
hose  should  not  be  used  to  connect  with  the  tender  tank. 
With  this  a  free  opening  of  2"'s  ins.  may  be  obtained  in  the 
fitting.  A  strainer  at  the  valve  in  the  tank  well  may  be  used 
and  the  conical  strainer  in  the  pipe  removed.  This  would 
permit  of  using  much  larger  channels  for  the  water  to  the 
great  relief  of  the  injectors. 

It  is  not  enough  to  enlarge  the  suction  side  alone,  the  deliv- 
ery pipes  and  checks  also  appear  to  need  attention.  The  du- 
plex check  fitting  supplied  by  the  Brooks  Works,  which  is 
shown  in  many  locomotive  engravings  in  this  journal,  seems 
to  be  a  very  good  device,  because  it  delivers  all  the  water  on 
one  side  of  the  boiler,  which  seems  to  be  better  practice  than 
to  enter  it  in  two  places  and  in  two  directions.  This,  however, 
is  not  the  main  point  of  this  criticism.  The  free  and  unob- 
structed opening  for  the  water  is  what  is  needed.  A  check 
that  will  lift  hut  1-16  in.  for  a  No.  10  injector  connected  by  a 
2V4  iu.  pipe  is  not  sufficient,  yet  this  has  been  found  in  a  re- 
cently built  locomotive.  Such  an  injector  needs  at  least  an 
even  equivalent  to  a  2-in.  hole.  In  one  of  the  reports  presented 
to  the  Master  Mechanics'  Association  last  June  the  following 
suggestions  occur: 

"As  the  water  evaporation  is  heavy,  a  good  inlet  from  tank 
to  injector  should  be  provided.  .\  majority  of  the  manufactur- 
ers prefer  the  following  sizes  of  feed-pipe  in  connection  with 
the  different-sized  injectors: 

"No.  8,  not  less  than  2  ins.  internal  diameter. 

"Nos.  9  and  10,  not  less  than  2%  ins.  internal  diameter. 

"Nos.  11  and  12,  not  less  than  3  ins.  internal  diameter. 

Since  this  criticism  was  prepared  a  paper  on  this  subject  has 
been  read  by  Mr.  W.  R.  Park  before  the  New  England  Rail- 
road Club,  stating  that  recently  fittings  have  been  called  for  to 
provide  for  injectors  delivering  from  5,800  to  6,000  gals, 
per  hour. 
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ORE  CARS,  80,000  POUNDS  CAPACITY. 


Chicago   &    Northwestern    Railway. 


These  ore  cars  were  designed  by  Mr.  C.  A.  Schroyer,  super- 
intendent of  the  car  department  of  the  Chicago  &  Northwest- 
ern, to  meet  the  special  requirements  of  the  large  ore  traffic 
of  that  road. 

Their  principal  feature  Is  in  the  very  large  door  opening, 
5  ft.  6  ins.  long  and  3  ft.  2  ins.  wide,  on  each  side  of  the  car. 
The  doors  close  against  the  lower  faces  of  the  sills  and  the 
hopper  surfaces  are  at  the  ends  only.  When  the  doors  are 
opened  they  drop  against  the  rail  heads  and  deposit  the  load 


It  has  been  erroneously  reported  that  Mr.  A.  M.  Waitt  has 
resigned  as  superintendent  of  motive  power  and  rolling  stock 
of  the  New  York  Central  &  Hudson  River  Railroad.  We  are 
glad  to  state,  upon  the  authority  of  Mr.  Waitt,  that  he  has 
not  resigned. 


The  total  heating  surface  of  the  nineteen  boilers  of  the 
Norddeutscher  Lloyds'  twin  screw  steamship  "Kaiser  Wilhelm 
II."  is  107,643  sq.  ft,  and  the  grate  area  6,121  sq.  ft.  The  boiler 
pressure  will  be  225  lbs.  and  the  engineer  will  develop  40,000 
indicated  horse  power. 


In  a  recent  issue  of  The  Autocar,  London,  it  was  stated 
that  if  automobiles  are  ever  to  be  anytning  but  toys  for  mad 
millionaires — which  they  are  at  present — the  makers  will  have 
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to  the  ore  pockets  from  between  the  rails.  Unless  the  door 
openings  are  large  the  ore  bridges  over  them  and  it  is  diffi- 
cult to  get  the  load  out.  To  assist  in  guarding  against  this 
difficulty  the  car  sides  slope  inwardly  slightly  toward  the 
top.  This  bridging  is  particularly  troublesome  with  high 
manganese  ores,  which  cement  together  and  are  sticky.  In  this 
construction  there  is  only  about  20  ins.  of  obstruction  at  the 
center  sills.  Four  "poke  holes"  are  provided  in  each  side  for 
inserting  bars  to  loosen  the  load  wheu  necessary.  A  shaft 
extends  through  the  car  at  the  cente>'  to  operate  the  doors 
and  it  is  turned  by  a  lever  and  ratchet  at  the  end. 

The  body  bolsters  are  of  Z  bars.  The  draft  gear  is  of  the 
tandem  spring  type  and  is  placed  between  the  center  sills 
where  the  draft  is  direct.  The  sills  are  four  in  number. 
6  X  10  ins.  in  section  and  all  of  them  trussed.  In  a  car  but 
20  ft.  long  this  construction  presents  a  stiff  backbone  for 
pulling  and  buffing  stresses.  The  officers  of  this  road  do 
not  see  any  advantage  in  steel  construction  for  cars  of  this 
length. 

About  650  of  these  cars  are  now  in  service.  After  two 
years'  service  they  weigh  28,000  lbs.  and  are  carrying  regu- 
larly from  50,000  to  100.000  lbs.  of  ore.  They  are  mounted 
on  Haskell  &   Barker  trucks. 


to  devote  their  attention  to  the  production  of  vehicles  that  will 
take  the  place  of  cabs  and  carriages,  and  that  will  not  break 
down  continually  or  cost  a  small  fortune  to  keep  in  repair. 


F.  W.  WEBB. 


It  is  announced  that  Mr.  F.  W.  Webb  has  asked  to  be  al- 
lowed to  retire  from  his  activities  as  chief  mechanical  en- 
gineer of  the  London  &  North  Western  Railway,  after  52  years 
oi  service.  He  entered  the  Crewe  Works  in  1851  and  with  the 
exception  of  a  short  interval  has  been  there  ever  since,  and 
during  this  time  has  built  about  4,000  locomotives.  He  is  in 
charge  of  3,000  locomotives  and  in  connection  with  his  work 
has  developed  a  large  number  of  improvements  invented  by 
himself.  Among  other  improvements,  he  is  said  to  have  been 
the  first  to  use  steel  boiler  shells.  In  1878  he  changed  an  old 
Trevithick  engine  into  a  compound  and  in  1882  built  one  to  his 
own  design.  He  has  been  a  consistent  advocate  of  compounding, 
and  seven  types  of  compounds  of  his  design  are  now  running 
on  the  London  &  North  Western.  His  salary,  according  to  The 
Engineer,  from  which  these  facts  are  taken,  is  $35,000  per 
year,  that  of  his  predecessor  Mr.  Ramsbottom,  was  $25,000 
per  year.  This  fact  is  commented  upon  elsewhere  in  this  issue. 
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NEW  LOCOMOTIVE  SHOP. 


Reading,  Pa. 


PHILADELPHIA    &    BEADING     KAILWAY. 


I. 


GeNEEAL    Dk.SUUII'XION. 

The  new  locomotivp  shops  of  I  his  road  at  Rearling,  Pa.,  are 
the  most  extensive  as  to  size  of  hulldings  in  tliis  (country. 
Reading  is  the  natural  gPograi)hical  center  of  the  road,  and  of 
1,500  miles  of  track  no  part  is  more  than  150  miles  from  this 
point.  The  old  shops  were  built  in  1850,  in  James  Mil- 
holland's  time,  and  numerous  additions  have  been  made, 
resulting  in  the  usual  rambling  plant  cut  up  by  streets, 
which  was  very  inconvenient  in  handling  material  and  worlc. 
It  could  have  been  put  into  shape  to  meet  the  needs  of  the 
next  ten  years,  but  instead  of  doing  this  a  portion  of  a  large 
tract  of  land  north  of  the  union  station  was  utilized,  where 
the  possibilities  of  endwise  extension  are  unlimited.  The 
old  shops  will  be  abandoned.  This  new  location  is  near  the  car 
shops  and  is  favorable  for  a  central  power  plant  for  driving 
both  locomotive  and  car  shops  and  furnishing  all  the  light- 
ing required  by  the  company  in  Reading. 

Capacity. — The  shops  were  originally  intended  to  repair 
750  locomotives,  but  the  entire  equipment  of  the  road,  now 
numbering  1,000  locomotives,  will  be  maintained  here.  At 
several  outlying  points  small  shops  will  be  maintained  for 
light  repairs,  such  as  are  ordinarily  made  in  roundhouses. 
I.  is  intended  to  put  all  of  the  locomotives  through  the  shops 
once  in  every  eighteen  months,  which  will  require  turning 
out  56  per  month.  This  includes  general  repairs,  boilers,  tanks, 
foundry,  pattern  and  smitli  shop  work.  The  erecting  shop  has 
70  pits  and  is  intended  to  provide  traclv  room  for  70  locomo- 
tives undergoing  general  repairs  at  one  time.  Of  course  the 
rrpidity  with  which  they  will  be  turned  out  will  depend  upon 
the  machine  and  other  departments.  The  car  shops  are  sep- 
arate, but  in  the  same  tract  of  land  and  also  on  the  west  side 
of  the  main  line.  The  land  owned  by  the  company  in  this 
section  of  the  city  is  in  a  valley  and  lies  on  both  sides  of  the 
main  line.  It  is  a  long  and  relatively  narrow  tract.  When 
in  complete  working  order  about  2,000  men  will  be  required 
in  the  locomotive  department,  and  there  are  already  800  men 
in   the  car   repair  shops. 

The  Ground  Plan. — For  such  a  large  plant  the  arrangement 
is  compact  and  the  plan  was  worked  out  to  group  work  of 
similar  character  together  in  order  to  reduce  to  a  minimum 
ihe  distance  through  which  material  and  parts  must  be  car- 
ried. It  will  be  noted  that  there  is  no  thoroughfare  between 
the  buildings  from  one  side  of  the  plant  to  the  other  and 
that  the  boiler  shop  joins  the  southwest  corner  of  the  erecting 
shop.  The  reason  for  this  is  that  a  thoroughfare  could  not 
be  used  at  this  point,  as  the  west  line  of  the  shop  buildings 
lies  close  to  a  12-ft.  wall  at  the  top  of  which  is  the  street. 
The  buildings  are  not  placed  too  close  together  for  good 
natural  lighting.  They  are  very  large  and  substantial  in 
construction,  built  of  brick  of  a  handsome  dark  red  color, 
upon  a  slieleton  frame  of  steel. 

The  locomotive  shop  is  arranged  on  the  transverse  track 
plan,  with  two  outside  bays,  with  35  pits  in  each,  each  bay 
being  70  ft.  in  width,  with  the  machine  shop,  60  ft.  in  width, 
between  them.  To  get  locomotives  into  and  out  of  the  shop 
two  65-ft.  turntables  with  concrete  pits  are  employed  at  the 
northeast  and  southeast  corners.  This  avoids  the  necessity 
of  a  transfer  table  and  provides  a  safeguard  against  tying 
up  the  shop  by  the  failure  or  breakdown  of  a  single  turn- 
table. The  locomotives,  once  in  the  shop,  are  handled  by 
cranes,  the  crane  service  being  excellent,  and  in  fact  a  fea- 
ture of  the  entire  plant  in  all  departments. 

A  glance  at  the  ground  plan  shows   the   cire  which   was 


taken  to  provide  as  far  as  possible  for  straight-line  move- 
ments of  material.  An  excellent  example  of  this  is  seen  in 
the  location  of  the  boiler  shop,  already  referred  to,  which  is 
such  that  the  35-ton  cranes  of  the  west  bay  of  the  erecting 
shop  may  run  into  the  boiler  shop,  or,  in  other  words,  the 
35-ton  boiler-shop  crane  can  be  run  into  the  erecting  shop. 
It  will  be  noticed  that  a  track  runs  through  the  boiler  shop, 
another  one  from  the  storage  yard  north  of  the  locomotive 
shop  through  the  center  of  the  machine  shop  and  storehouse 
and  that  all  the  large  buildings  are  connected  to  the  service 
tracks  by  turntables.  The  forge  and  smith  shops  have  their 
east  wall  in  line  with  that  of  the  locomotive  shop  and  the 
storehouse  is  placed  between  the  boiler  and  forge  shops,  which 
is  as  convenient  an  arrangement  as  could  be  made.  The 
foundry  is  further  removed  to  the  eastward  of  the  forge 
shops  and  the  carpenter  and  pattern  shop  are  immediately 
north  of  the  foundry.  Extensions  may  be  made  to  any  or  all 
of  the  buildings  by  building  on  to  their  ends. 

The  power  house  location  was  important.  In  deciding  upon 
its  position  the  probable  power  consumption  of  the  shops  was 
carefully  estimated,  which  revealed  the  fact  that  the  center 
of  the  demand  for  power  was  close  to  the  center  of  the  loco- 
motive shop.  On  account  of  the  large  quantity  of  power  used 
in  the  locomotive  building  the  power  house  was  placed  oppo- 
site its  center.  The  cable  and  pipe  tunnel  leading  from  the 
power  house  enters  the  locomotive  shop  at  its  center  and  the 
crane,  power  and  lighting  mains  are  all  fed  at  the  middle  of 
their  length.  This  reduces  the  cost  of  feeders  in  this  shop 
to  one-fourth  of  that  required  by  feeding  at  either  end.  At 
first  it  was  intended  to  locate  the  power  house  at  the  south 
end  of  the  shop  yard,  but  this  was  abandoned  for  the  reason 
stated.  For  distant  transmission,  as  in  the  case  of  the  yard 
lighting  and  the  operation  of  the  pumping  plant  at  North 
Reading,  3,000  ft.  away,  where  three  motors  are  to  be  used 
for  pumping  purposes,  the  location  of  the  power  house  did 
not  matter  so  much  as  the  transmission  is  by  alternating  cur- 
rent of  sufficiently  high  voltage. 

The  main  entrance  for  employees  is  through  time-keepers' 
booths,  with  six  gates,  located  at  the  south  end  of  the  oflSce 
building  at  North  Sixth  street.  Here  the  men  are  checked 
in  and  out.  As  the  men  enter  the  gates  the  time-keepers  in 
thn  booths  hand  them  numbered  checks,  which  they  retain 
while  in  the  shop,  returning  them  upon  leaving.  In  this  way 
the  time  of  every  man  is  taken  from  the  length  of  time  the 
check  is  out.  The  six  gates  easily  accommodate  1,500  men. 
which  is  the  number  now  employed  at  these  works. 

Locomotive  Shop. — This  building  is  the  largest  of  its  kind 
in  this  country.  It  is  750  ft.  long  by  200  ft.  wide,  with  no 
divisions  or  partitions.  The  roof  trusses  of  the  erecting 
bays  are  46  ft.  6  ins.  from  the  floor  and  those  of  the  machine 
shop  are  33  ft.  5  ins.  The  crane  service  in  this  building  is 
admirable,  covering  the  entire  floor  area,  including  the  ma- 
chine shop,  and  it  will  be  described  in  detail  in  a  later  issue. 

One  of  the  large  120-ton  cranes,  with  its  test  load  of  150 
tons  of  steel  rails,  is  shown  in  the  large  interior  view  of 
cne  of  the  erecting-shop  bays.  Each  erecting-shop  bay  has 
one  of  these  120-ton  Niles  cranes  with  two  60-ton  trolleys  and 
an  auxiliary  6,000-lb.  hoist.  These  are  the  most  powerful 
cranes  ever  put  into  railroad  shops.  On  lower  rails  each  of 
these  shops  has  a  35-ton  crane,  and  the  boiler  shop  has  one 
of  this  size  also.  The  west  side,  therefore,  has  three  cranes. 
Two  10-ton  cranes  serve  the  machine  shop  over  its  entire 
length. 

By  placing  the  heating  fans  outside  of  the  building  in 
seven  lean-to  fan-houses,  locating  the  fan-ducts  underground 
and'  locating  the  wash-room  and  accessories  also  in  lean-tos, 
renders  every  squai  j  foot  of  floor  area  of  this  enormous 
building  available  for  locomotives  or  machinery.  At  the 
northwest  corner  of  the  building  is  the  cleaning  pit  in  a 
building  by   itself,   which   is   reached  by  the   through   track 
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NORTH    END   OF   LOCOMOTTVK    SHOP.    WITH    MACHINR    SHOP    IN    CKNTER    AND     CLKANING-PIT    HOUSE    AT    RIGHT. 


BOILER  SHOP,   FROM    HIGH  GROrXD    TO  THK    WKST.        RIVETINtJ   TOWKR    AT    TIti:      C'KNTKK.        SliOUS     IJIK    I.Aiaii:     \,Mni    N  l    OK  (II.AS.S    IN    ROOF. 


lOUTH    END    OF    BOILER    SHOP.       FLUE    DEPARTMENT    LEAN-TO    AT    THE    LEFT.        HULLING   .SHUTTER  DOORS  TO  FIVE   TANK  REPAIR   TRACKS.      BLACKSMITH 
SHOP    AT    RIGHT.        STOREHOUSE    APPEARS    AT     THE     REAR.        ALSO     SHOWS    LAVATORIES    AND   FURNACE    HOUSES   AT    THE     RIGHT. 


SIDE    \'IEW   OF    LOCOMOTIVE    SHOP   AND    OFFICE   BUILDING.       MAIN    ENTRANCE     GATE   AT    THE    RIGHT. 

NEW    LOCOMOTIVE    SHOPS   AT   READING — PHILADELPHIA    &   READING     RAILWAY. 
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SMITH    ANIl    FOnGH    SHOP    BOILDINO,     FROM    SOUTHWEST    CORNER.    SHOWING    FUHNACE    LEAN-TOS    AND    WASHROOMS    AT    BIOHT. 


FOUNDRY   FROM    SOUTHWEST   CORNER.    SHOWING   INSULATOR-BACKS    AT    GABLE    WINDOW    FOR     OVERHEAD    WIEE:    SYSTBM.  | 


VIEW    OF     FOUNDRV    FROM     NORTHAVEST     CORNER.     SHOWING    CUPOLAS     AND    STOCKHOCSE   AT    LEFT. 


CARPENTER-SHOP    BUILDING,    SHOWING    OUTSIDE    STEEL    CONSTRUCTION    FOR  TIMEKEEPERS'      BOOTHS      AT      MAIN      ENTRANCE      TO      SHOP     GROUNDS.      FOR 

ELEVATOR    SERVING    THE    PATTERN     LOFTS.  CHECKING     THE     EMPLOYEES     IX     .AND     OUT. 


NEW    LOCOMOTIVE    SHOPS    AT    READING,    PA.— PHILAPEI-PHIA    i;    READING    RAILWAY. 
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across  the  north  end  of  the  shop.  The  locomotive^shop 
building  is  lighted  by  large  windows  and  large  areas  of  glass 
in  the  monitor's  on  the  roofs.  A  good  idea  of  the  natural 
lighting  is  presented  in  the  large  photograph  already  referred 
to.     The  arrangement  of  the  main  bay  of  the  boiler  shop  in 


vice  of  the  locomotive  and  boiler  shop  was  first  employed  in 
the  Concord  shops  of  the  Boston  &  Maine,  illustrated  in  this 
journal  in  February,  1898.  It  will  be  noted  that  the  arrange- 
ment of  the  two  plants  are  very  different,  however,  that  of 
the   Concord   shops   being   with    longitudinal    tracks. 


SOtTTHWEST    COENER    OF    I'OUKH-)) 


SHOWTNO     .STACK     AND     nc.MPl.NC    ASH-T(.i\\l-:K    AT     HI(;HI 


1 

"1'  '^ 

■H 

^^B' 

POWER-HOUSE     FROM     SOTJIHEAST,     SHOWING  DUMPING    CHUTES     IN     ASH- 
TOWER,    AND     COALINO    TRACK. 

line  with  the  west  bay  of  the  erecting  shop  is  admirable  for 
the  west-side  erecting  bay.  Boilers  from  the  east  erecting- 
shop  bay  will  be  transferred  to  the  west  side  of  the  shop 
upon  trucks  and  carried  to  the  boiler  shop  by  one  of  the 
cranes.  It  will  be  noticed  that  three  tracks  will  be  available 
for  such  movements,  one  at  each  end  and  one  in  the  middle 
of  the  locomotive  shop.     This  idea  of  continuous  crane  ser 


Proportions. — In  studying  the  plans  of  these  shops  the  fol- 
lowing dimensions  and  proportions  may  be  found  interesting: 

Floor  Areas  in  Square  Feet. 

Erertiug  floors.   740  x  140 103,600 

.Machine  shop,  740  x  60 44.400 

Boiler  shop.  400   x   120^ 4S.O00 

Smith  and  torge,  568  x  60,  1S8  x  20 37,840 

233,840 

Carpenter  shop.  60  x  200  x  4 48.000 

Power-house.    175   x  112 19,600 

Foundry,    400    x    130 52,000 

Storehouse,   100  x  70  X  2 14,000 

Stockhouse,    161   x    40 6,440 

Office  building,  43  X   96  x  3 12.384 

Cleaning  pit,   44  x   50 2  200 


Locouioiivc  shops  proper 
Accessory  departments    .  . 


154,624 


.233.840 
.154,624 


Total    floor  area    388,464 


Proportion  of  Awn  to  Total   LoconH)tivt'  Shops  Proper. 

Krcutiug   shop    103.600  sq.  tt .  . 

Machine    shop    44,400  sq.  ft.  . 

Boiler   shop    I 48,000  sq.  tt.  . 

Smith   and  forge    37,840  sq.  ft.  . 


233,840  sq.  ft. 


.  44% 

.  19% 

.  21% 

.  167o 

.100% 


Kelation  to  Erecting  Floor. 


Erecting    floor    103,600  sq.  ft .  .  .  .  100% 

.Machine    shop     44,400  sq.  ft  .  .  .  .    43% 

Boiler   shop    48,000  sq.  tt.  .  .  ,    46% 

Smith   and    forge    37  840  sq.  ft.  .  .  .    36'S 

These  proportions  are  interesting  in   comparison   with   the 

corresponding  figures  for  the  Collinwood  shops  of  the  Lake 

Shore   &    Michigan    Southern    Railway    (American    Engineer. 

October,   1902,   page  304).     These  are  summarized  as  follows 

in  terms  of  the  total  are.t  of  locomotive  shops  proper: 

Collinwood.  Reading. 

Erecting  shop                                                                           22%  44% 

Machine  shop    33%  19% 

Boiler   shop    .: 25%  21% 

Black.smith  and   forge    19%  16% 

These  figures  will  be  misleading  unless  the  descriptions  of 

the  two  plants  are  carefully  studied.    With  the  erecting  space 

considered  as  100  per  cent.,  the  comparison  is  as  follows: 

Collinwood.  Reading. 

Erecting  floor 100%  100% 

Machine  shop    147%  43% 

Boiler  shop    113%  46% 

Smith  and  forge 84%  36% 

In  subsequent  issues  the  construction  of  the  buildings  and 

the  arrangement  of  their  machinery  and  equipment  will  be 

presented  in  detail,. 
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HEAVY  COMPOUND  FREIGHT  LOCOMOTIVES. 


2—8—2   (MiK.vDo)   Type. 


ATCHISON,  TOPEKA  &  SANTA  FE  RAILWAY. 


Fifteen  of  these  heavy  Vauclain  compounds  are  now  build- 
ing at  the  lialdwin  Locomotive  Worlvs.     While  considerably 


In  starting,  using  live  steam  in  the  low-pressure  cylinder, 
they  are  equivalent  to  single-expansion  locomotives  with  24-in. 
cylinders.  When  running  as  compounds  they  are  equivalent 
to  single-expansion  engines  having  2i!.S-in.  cylinders.  The 
total  weight  is  2tiO,000  lbs.  and  the  weight  on  drivers  (esti- 
mated) 200,000  lbs.  In  the  matter  of  heating  surface  these 
engines  nave  but  24  sq.  ft.  less  than  the  largest  area  ever 
given  to  a  locomotive,  the  2 — 10 — 0  type  of  this  road  having 


-es^ 


y^g-^'IO^M 


Uf" 


n 


KiilLI-.H    .*.\D   FHAMES,   HKAVY   COMl'OU.ND    FREIGHT    LOCOMOTIVE.  —  ATCHISON.  TOPKK A   «1    SA.NTA   FE    IIAILWAY. 


lighter   than   the    design   illustrated   in   the   June   number   of  .':.,390  sq.  ft.     The  boiler  is  practically  the  same  as  that  illus- 

this  journal  of  last  year,  they  are  very  heavy  and  powerful.  trated   in    our   June    issue,   both   engines   having   19-ft.   tubes 

A  definite  idea  of  their  capacity  is  obtained  from  the  tractive  2V4  ins.  in  diameter.     The  boiler  pressure  is  225  lbs.     A  pho- 

power    (55,600  lbs.)    and   the  neating  surface    (5,366  sq.   ft.).  tograph  will  be  presented   in   a  later   issue  and   we  hope   to 
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give  an  account  of  the  work  which  these  engines  are  doing. 
i<''or  convenience  in  comparison  with  other  heavy  engines  the 
following  ratios  are  presented: 

Heating  surface 


V  olume  of  li.  p.  cylinders 
Tractivo  weight 
Heating  surface 
Tractive  weight 

Tractive  effort  (compound) 

Tractive  effort 

Heating  surface 

Heating  surface 


run 


:;- .  :i 


Grate  area 
Tract  ive  effort  X  diameter  of  drivers 
Heating  surface 


Tubes — Material    Iron 

Wire  gauge    No.   11 

Number    463 

Diameter 2 V4    ln». 

l-ength    19    ft. 

I  leafing  surface — Firebox    210.3  sq.  ft. 

Tubes   5,155.8  sq.   fl. 

Total    0.3««.l   nq.  ft. 

Grate  area 58.5  8q.   ft. 

Driving  wheels — Diameter  outside 57  Intf. 

Diameter  of  center 50  Inw. 

.lournals   Main,  11  x  12  in.s. ;    otbcrB,  10  x  12  ina. 

ICngine  truck  wheels  (front),  diameter 29V4    ln». 

.Journals    6'/j   x  10(4    Ina. 

Trailing  wheels,  diameter    40  Id8. 

.lournals t- 76  x  12  Ins. 

Wheel  base,  driving 16  ft. 

Kigid    16    ft. 

Total  engine   •.  .  .3  ft.  6'^   ins. 

Total  engine  and  tender   62  ft. 

Wcighl  on  driving  wheels   (est.) 200.000  lbs. 

Total  engine    (est.) .260.000   lbs. 

Total  engine  and  tender   (est.)    400.000   lbs 

Tank,  capacity    7,000  gals,  and  12  tons. 

TV-nder   .  .  . , Number  of  wheels,  8  ;    diameter.  34  V4    Ins. 

.lournals   5%  x  10  ins. 


THE    FIKEBOX. 

These  engines  are  equipped  with  tlie  Player  traction  iu- 
creaser,  applied  to  the  leading  and  trailing  trucks,  as  indi- 
cated in  the  side-elevation  drawing.  This  device  was  de- 
scribed on  page  373  of  our  December  number,  1901.  The 
trailing  truck  is  Mr.  Kenneth  Rushton's  design  (American 
Engineer,  1902,  page  235).  The  leading  trucK  has  "three- 
point"  hangers  and  spiral  springs.  The  frames  are  5  ins. 
wide  and  5%  ins.  deep  over  the  driving  boxes.  Like  the 
2 — 10 — 0  type  already  referred  to,  these  engines  have  11  x  12-in. 
main  driving  journals,  the  other  driving  journals  being 
Ki  X  12   ins. 

.\tchison,  Topeka  &  Santa  Fe  Railway. 

2 — 8 — 2   (Jiikado)  Type. 

Freight  Locomotives. 

Road   number    900 

Gauge    4  ft.  8  '/4   ins; 

Cylinder ^ 18  and  30  x  32  ins. 

Valve ^ Balanced    piston 

Boiler — Type    Wagon  top 

Diameter    78%    ins. 

Thickness  of  sheets ■  ■  'i   and  15-16  ins. 

Working  pressure   225  lbs. 

Fuel    Coal 

Staying  Radial 

Height  of  center  above  rails 9  ft.  6>,<.   ins. 

Firebox — Material    Steel 

Length 108  ins. 

Width    '78    ins. 

Depth Front.  80  ins. ;    back,  78  ins. 

Thiclaiess  of  sheets 

Sides,  %  in. ;    back,  %  in. :    crown.  %  in. ;  tube.  9-16  in. 

Water  space Front,  4^   ins. ;    sides.  4  ins. ;    back,  4  ins. 


COST  OF  OPERATING  TURNTABLES  BY  POWER. 


A  comparative  statement  of  costs  of  various  methods  of 
operating  turntables  by  power,  prepared  for  the  Association 
of  Railway  Superintendents  of  Bridges  and  Buildings  by  Mr. 
F.  E.  Schall,  bridge  engineer  of  the  Lehigh  Valley  Railroad, 
presents  interesting  figures.  He  states  that  equipments  for 
driving  turntables  by  gasoline  engines  cost  about  $1,100  and 
by  electric  motor  (General  Electric  Company)  about  $1,1-50, 
and  that  the  economy  depends  upon  the  number  of  engines 
turned,  as  the  following  record  shows: 

[Note. — These  figures  do  not  include  interest  or  deprecia- 
tion, which  would  amount  to  about  45  cents  per  day.] 

(i4-Ft.   Turn-Table   at   Coxton.   Pa.,    5   H.    P.   Gasoline   Engine,    Installed 
July,   1901. 

Average  number  of  engines  turned  per  day  of  24  hours  in   a  period  of 

one  year,  174. 
Average  cost  per  engine  turned  in  a  period  of  one  year.  2  21-100  cents. 
Average  cost  of  labor  and  material  operating  turn-table  per  day  of  24 

hours,  $3.78. 

75-Ft.    Diameter   Turn-Table    at   Lehighton.    Pa.,    Operated    by    5    H.    P. 
Gasoline  Engine.  Installed  February  12,  1902.     ' 

Average  number  of  engines  turned  per  day  of  24  hours.  121. 
Average  cost  per  engine  turned,  2  9-10  cents. 

.\verage  cost  of  labor  and  material  operating  turn-table  per  day  of  24 
hours.  $3.41. 

T.s-Ft.   Diameter  Turn-Table  at  South  Easton.   Pa.,  Operated  by  5  H.   P. 
Gasoline   Engine,    Installed   March   14,   1902. 

Average  number  of  engines  turned  per  day  of  24  hours.  188. 
Average  cost  per  engine  turned.    1  97-100  cents. 

Average  cost  of  labor  and  material  operating  turn-table  per  day  of  24 
hours.  $3.74. 

75-Pt.   Diameter  Turn-Table   at  Wilkesbarre.   Pa..   Operated  by   5   H.    P. 
Gasoline  Engine,   Installed   March  18,   1902. 

Average  number  of  engines  turned  per  day  of  24  hours,  46. 
.\verage  cost  per  engine  turned.  6  5-10  cents. 

Average  cost  of  labor  and  material  operating  turn-table  per  dav  of  24 
hours.  $2.91. 

75-Ft.  Diameter  Turn-Table  at  East  Buffalo,  N.  Y.,  Operated  by  5  H.  P. 
Gasoline  Engine,  Installed  April  1.   1902. 

Average  number  of  engines  turned  per  day  of  24  hours,  103. 
Average  cost  per  engine  turned.  3  37-100  cents. 

Average  cost  of  labor  and  material  operating  turn-table  per  day  of  24 
hours.  $3.41. 

64-Ft.  Turn-Table  at  Sayre,   Pa.,  Operated  by  20  H.   P.  Electric  Motor, 
Installed  June  1.  1902. 

Average  number  of  engines  turned  per  day  of  24  hours,  109. 
Average  cost  per  engine  turned.  3  7-10  cents. 

Average  cost  of  labor  and  material  operating  turn-table  per  day  of  24 
hours.  $4.01. 


Mr.  Willard  A.  Smith,  for  many  years  publisher  of  the 
RaiUvay  and  Engineering  Revietr.  has  bought  the  Age  of 
Steel  and  consolidated  it  with  his  other  recent  purchase, 
Iron  and  Steel.  They  will  be  published  under  the  name  of 
The  Iron  and  Machinery  World,  with  Mr.  Smith  as  president 
and  Mr.  Bruce  v.  Crandall  (who  is  associated  with  himi 
as  secretary  and  treasurer.  Under  the  management  of  these 
gentlemen  the  new  publication  is  sure  to  build  upon  the  rec- 
ords of  the  merging  journals  and  read  a  higher  plane  of 
success  than  either  has  attained  alone. 
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THIRTY-TON  BOX  CAR  WITH  STEEL   UNDERFRAME. 


American  Railway  Association  Dimensions. 


DESIGNED  BY  GEORGE  I.  KING. 


This  car  was  designed  at  the  Middletown  Car  Works  by 
Mr.  George  I.  King  in  order  to  meet  the  demand  for  a  struc- 
tural underframe  of  ample  strength  but  of  such  simple 
type  that  it  may  not  only  be  built  ne-v  in  any  ordinary  rail- 
road shop,  but  that  it  may  be  repaired  with  equal  facility. 

The  four  longitudinal  sills  are  12-in.  channels,  the  center 
sills   being   trussed    with    1%-in.    rods    between    the   bolsters. 


stresses  and  the  severe  buffing  stresses  it  was  considered 
desirable  to  neglect  a  small  possible  saving  in  weight  in  favor 
of  strength.  The  suggestion  of  trussing  a  steel  underframe 
seems  a  little  out  of  the  ordinary  at  this  time.  There  is  no 
doubt,  however,  that  this  is  a  cheaper  and  lighter  construc- 
tion than  one  of  equal  strength  made  ol  rolled  sections  with- 
out the  trussing,  and  with  larger  sills  it  would  be  difficult 
to  secure  the  standard  inside  height.  With  this  construction 
the  height  over  the  trucks  is  practically  the  same  as  it 
would  be   with   pressed  steel   sills   of  the   fish-bellied   form. 

Attention  is  directed  to  the  gussets  at  the  ends  of  the  sills, 
which  are  flanged  up  to  form  shoulders  for  the  subsills,  to 
secure   the   end   frame   from   being   pushed   out   by   the   load. 


THIRTV-TON    BOX     CAR.     WITH     STEEL    UNDERFRAME.        AMERICAN     RAILWAY     ASSOCIATION     STANDARD    DIMENSIONS. 

DESIGNED   BY   GEORGE  I.   KING. 


The  body  bolsters  are  of  12  x  i/i-in.  plates  with  5  x  ijin. 
braces  for  the  side  bearings.  Unique  attachments  of  the  body 
bolsters  to  the  center  sills  and  the  truss  rods  to  the  body 
bolsters  are  shown.  Two  truss  rods  are  used  and  they  are 
located  near  the  center  sills,  where  they  will  not  interfere 
with  the  curving  of  the  trucks  or  cause  any  inconvenience 
with  the  side  clearances  of  the  car. 

The  truss  rods  were  used  because  in  the  opinion  of  the 
designer  the  stresses  in  the  center  sills  would  be  unduly 
great  in  a  combination  of  severe  buffing  shocks  or  locomo- 
tive jerks  with  the  direct  stresses  arising  from  the  load  in 
the  car.  It  was  considered  wise  to  support  the  sills  with 
these  rods.  For  nearly  vertical  stresses  channels  lighter 
than  12  ins.  could  have  been  used,  but  for  the  combination 


The  enu  sill  is  a  '^-in.  plate  bent  into  >.-bar  form,  and  is  not 
secured  in  any  way  to  the  underframe  except  by  means  of 
the  sill  connection  angles  and  the  bottom  corner  gussets.  It 
may  therefore  be  easily  removed  for  repairs  without  taking 
down  the  wooden  structure.  Though  not  shown  in  the  draw- 
ing, the  car  will  be  constructed  with  a  small  space  of  perhaps 
1/2  in.  between  the  inside  face  of  the  end  sill  and  the  out- 
side face  of  the  end  sheathing  to  allow  rainwater  to  drip 
through  to  the  trucks.  Because  of  the  compressive  stress  in 
the  center  sills,  due  to  the  tension  in  the  truss  rods,  the 
center  sills  are  latticed  together  on  top.  The  drawing  also 
shows  side  sill  brackets  made  of  Z  bars  to  support  the  side 
nailing  strips.  One  of  these  is  placed  under  each  post  and 
the   brackets   take   the   nuts    for   the   side-frame   truss    rods. 
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This  form  of  bracket  secures  the  nailing  strips  from  side 
motion  independent  of  the  bolt  connections.  In  the  plan 
view  the  corner  Ijracing  and  the  plates  over  the  center  sills 
at   the  bolsters  are  worthy  of  special  attention. 

The  designer  sought  to  produce  a  structural  underframe 
which  witn  slight  modifications  would  be  applicable  to  flat, 
gondola,  stock  and  box  cars.  It  is  an  interesting  construc- 
tion and  it  is  hoped  that  our  readers  will  criticise  it  freely. 


NOVO    STEEL. 


and  handles  In  the  shop  as  readily  as  soft  annealed  tool  steel. 

Further  reports  are  at  hand  of  1  1-32-in.  Novo  steel  drills 
running  at  128  revolutions  per  minute  and  drilling  59G  holes 
■>s  in.  deep  in  hard  steel  castings,  without  regrinding.  Nu- 
merous other  records  are  available  and  these  will  receive 
attention  in  these  columns. 

In  presenting  his  paper  upon  the  requirements  of  machine 
tool  operation,  recently  read  before  the  New  York  Electrical 
Society,  Mr.  Charles  Day,  of  the  engineering  firm  of  Dodge 
&  Day,  placed  Novo  steel  as  equal  if  not  superior  to  the  well- 
known  Taylor  White  steel. 


In  the  new  era  of  improvements  in  shop  methods  the  cen 
tral  and  essentially  vital  elements  are  new  tool  steels  and 
electric  driving  of  machine  tools.  These  f^o  hand  in  hand, 
and  it  may  be  said  that  improved  steels  make  motor  driving 
necessary  and  that  together  these  factors  of  the  present  sit- 
uation will  revolutionize  not  only  shops  methods  but  design, 
construction  and  speeds  of  driving  of  machine  tools.  As  in 
the  case  of  the  projectile  and  armor  plate,  the  projectile  in  this 
case — that  is,  the  steel — is  at  present  far  ahead  of  the  armor 
plate,  represented  by  the  machine.  The  new  steels  make 
new  machines  chatter  with  the  heavy  cuts  which  are  now 
made  possible.  The  machines  must  be  made  stronger  and 
more  rigid.  The  rules  of  the  past  few  years  in  regard 
to  motor  capacity  required  for  various  machines,  fail,  and 
the  motors  are  stalled  by  these  cuts.  The  motors  used  must 
be  more  powerful  than  required  by  the  rules  which  were 
sufBcient  only  a  year  or  so  ago.  The  re- 
cently developed  methods  of  hardening  steel 
make   it  necessary  to  begin   anew   in  these 
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PNEUMATIC  FLUE  WELDING  MACHINE. 


This  interesting  machine  was  developed  and  patented  by  Mr. 
H.  A.  F'ergusson,  assistant  superintendent  of  motive  power  of 
the  Chicago  Great  Western,  and  is  in  use  at  the  Oelwein  shops 
ot  that  road,  where  it  is  attracting  a  great  deal  of  attention 
because  of  its  remarkable  work. 

The  rotating  spindle  and  the  large  roller  are  belt-driven, 
the  mechanism  being  clearly  shown  in  the  engraving.  When 
the  tube  with  the  safe  end  upon  it  is  in  position  for  welding, 
the  foot  lever  is  pressed  and  the  upper  roller,  which  is  on  a 
roller  bearing,  is  forced  downward  with  a  pressure  of  about 
1,200  lbs.,  by  means  of  the  air  cylinder;  the  levers,  acting 
through  the  spiral  springs,  raise  the  lower  and  longer  rollers 
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FERGUSSON'S    PNEUMATIC   FLUE  WELDING   MACHINE. 


three  important  directions:  To  increase  cutting  speeds,  pro- 
vide geater  strength  and  rigidity  in  machines  and  supply 
greater  power  to  drive  them. 

Blue  chips  are  now  found  at  the  large  machines  in  every 
shop  pretending  to  be  at  all  up  to  date,  and  in  a  tour  of 
many  shops  recently  made  by  a  representative  of  this  jour- 
nal, "Novo"  steel  (Hermann  Boker  &  Co.,  101  Duane  street. 
New  York)  was  frequently  found  and  as  frequently  praised 
by  those  who  are  using  it.  The  remarks  in  the  first  para- 
graph on  page  378  of  our  December  number  referred  to  this 
steel,  and  attempts  will  be  made  to  secure  more  reliable  data 
with  regard  to  it.  That  paragraph  has  brought  a  large 
amount  of  correspondence  indicating  the  vital  interest  which 
is  taken  in  the  subject.  Additional  reports  of  this  steel  indi- 
cate the  possibility  of  speeds  of  91  ft.  per  minute  in  boring 
IVIidvale  tires  with  %-in.  cuts  and  %-in.  feeds.  Axles  are 
reported  to  have  been  turned  at  a  rate  of  45  ft.  per  minute 
with  %-in.  cuts  and  %-in.  feeds.  The  most  remarkable  fact 
about  this  steel  is  that  it  may  be  annealed  so  that  it  machines 


up  against  the  under  side  of  the  tube  at  the  same  time.  This 
makes  so  perfect  a  weld  that  the  joint  cannot  be  found  when 
cool.  A  weld  is  completed  in  four  or  five  seconds.  Instead 
of  scarfing  the  safe  ends,  they  are  simply  cut  off  square,  and 
the  tubes  heateu  and  driven  into  a  die  over  a  mandrel  which 
enlarges  the  ends  enough  to  pass  over  the  safe  ends  With  a 
parallel  fit  3-16  in.  long.  A  very  short  fit  is  sufficient.  The 
writer  was  shown  a  piece  of  tube  4  ft.  long  made  up  with  11 
welds  and   none  were  evident  upon   the   surface. 

To  return  the  upper  roller  to  its  normal  position  after  the 
air  is  exhausted,  a  spring  is  placed  under  the  piston  In  the 
cylinder.  The  spiral  springs  shown  in  the  end  view  are  to 
adjust  the  pressure  of  the  bottom  rolls.  This  machine  makes 
a  cylindrical  weld.  Since  March  25,  1902,  the  tubes  of  53 
engines  and  enough  more  to  make  a  total  of  25,000  tubes  have 
been  welded  on  this  machine  with  a  saving  in  tube  material 
sufficient  to  retube  one  entire  engine.  The  welds  from  this  ma- 
chine do  not  leak  and  they  are  not  even  tested  before  being 
placed  in  the  boilers. 
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Owing  to  the  unusual  demand  for  space  in  this  number  the 
record  of  the  American  Engineer  Tests  must  be  interrupted 
for  one  issue.  We  can  now  state  that  the  results  are  satisfac- 
tory and  tnat  very  valuable  relationships  of  the  front  end 
factors  have  been  established. 


There  is  one  advantage  that  results  from  the  use  of  the  elec- 
tric motor  for  driving  machine  tools  which  is  almost  entirely 
overlooked,  namely  the  facility  with  which  it  may  be  ascer- 
tained whether  a  particular  machine  thus  driven  is  operating 
at  its  highest  efficiency.  This  may,  with  suitable  current  meas- 
uring instruments,  be  accomplished  by  comparing  the  power 
consumed  by  the  motor  in  driving  it  with  the  power  required 
for  driving  another  similar  machine.  In  the  case  of  a  num- 
ber of  macnine  tools  individually  driven  by  motors,  if  it 
is  suspected  that  one  machine  is  using  too  much  power,  a 
brake  test  of  the  motors  or  an  exchange  of  motors  will  quickly 
show  the  truth  of  the  matter,  and  may  suggest  an  easing  up  of 
bearings  in  dilferent  places  or  other  changes  to  get  rid  of  waste 
of  power. 


In  connection  with  the  reported  retirement  of  Mr.  F.  W. 
Webb  from  the  position  of  chief  mechanical  engineer  of  the 
London  &  North  Western  Railway  it  is  stated  that  his  salary 
is  $35,000  per  year,  while  that  ot  his  predecessor,  Mr.  Rams- 
bottom,  many  years  ago,  was  $25,000  per  year.  In  view  of  the 
fact  that  the  United  States,  rather  than  England,  is  noted  as 
a  country  of  high  salaries,  this  fact  is  noteworthy  and  import- 
ant. It  seems  appropriate  to  ask  why  our  motive  power  su- 
perintendents receive  such  miserably  small  compensation  for 
the  work  which  they  do.  Can  it  be  possible  that  we  do  not 
have  men  in  this  country  worth  $35,000  a  year,  and  that  it 
does  not  pay  to  give  such  a  salary  to  a  $5,000  or  a  $6,000  man? 
If  there  is  a  position  connected  with  any  mechanical  pursuit 
which  calls  tor  greater  ability,  knowledge^  experience  and 
business  capacity  than  that  required  to  properly  manage  the 
motive  power  interests  of  a  large  American  railroad,  we  do 
not  know  where  to  find  it.  It  is  a  tact  that  many  of  the  best 
motive  power  officers  have  been  attracted  to  other  lines  of  in- 
dustry and  it  is  now  exceedingly  difficult  to  find  men  who  can 
do  what  railroad  owners^^ant  to  have  done.  These  men  are 
sought  by  manufacturing  concerns  because  their  peculiar 
qualifications  are  required  in  the  management  of  large  indus- 
trial enterprises.  It  is  practically  impossible  for  men  in  other 
pursuits  to  apply  their  experience  to  railroads;  consequently 
the  railroads  are  losing  and  not  gaining  good  men.  They 
must  necessarily  train  their  own  officers  and  if  they  expect 
to  properly  meet  the  problems  of  the  future  they  must  attend 
to  the  salaries  at  once,  but  this  is  not  all.  The  time  has  ar- 
rived when  a  man  who  is  merely  a  good  mechanic,  organizer 
and  executive  cannot  fill  the  bill.  He  must  be  also  a  good 
business  man.  To  attract  and  keep  such  men  in  the  service, 
the  gates  to  the  higher  operating  positions  must  be  thrown 
wide  open  to  furnish  an  outlet  for  their  talents.  When  both 
of  these  things  are  done,  and  not  until  then,  can  the  ranks  of 
motive  power  officials  be  properly  recruited. 


ELECTRICAL    EQUIPMENT    AT    COLLINWOOD    SHOP. 

In  this  issue  we  present  another  descriptive  article  relating 
to  the  interesting  Collinwood  shops  of  the  Lake  Shore  & 
Michigan  Southern  Railway,  taking  up  this  time  the  d«tails 
of  the  electrical  equipment  for  the  lighting  and  the  power  for 
machine  tools,  cranes  and  turntables.  Never  before  in  the 
history  of  railroad  development  has  such  a  complete  elsctrical 
equipment  been  installed  exclusively  for  service  in  a  rail- 
road shop  installation.  The  advantages  of  electricity  seem 
to  have  been  secured — the  lighting  system  is  most  complete 
and  fiexible,  while  the  motor  drives  for  the  machine  tools 
have   not   only    made   the   tools    independent,    accessible    and 
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economical,  but  also  has  very  greatly  reduced  the  floor  space 
required  tor  the  large  number  of  tools  installed.  The  result 
has  been  a  most  complete  utilization  of  the  large  floor  space, 
with  absolutely  no  sacrifice  of  accessibilily  oi'  convenience. 

It  has  been  thought  by  some  that  space  on  a  shop  floor  is 
by  far  too  valuable  to  be  utilized  for  lavatories  and  lockers, 
as  was  done  in  the  Collinwood  shops;  however,  at  the  pres- 
ent the  space  occupied  by  them  is  not  needed,  but  if  it  should 
b'-  as  a  result  of  unforseen  growth,  the  task  of  removing  them 
to  a  position  outside  the  building  in  order  to  render  available 
the  space  now  occupied  could  not  be  very  difficult  and,  viewed 
in  this  light,  their  location  appears  to  be  the  result  of  un- 
precedented forethought  by  the  officials  who  laid  out  the  plans 
for  the  shop  buildings. 


MACHINE  TOOL  PROGRESS-FEEDS  AND  DRIVES. 


The  growing  use  of  constant-speed  motors,  as  gas  and  oil  en- 
gines or  synchronous  alternating-current  electric  motors,  for 
example,  has  rendered  the  utilization  of  mechanical  methods 
for  obtaining  variable  speeds  an  absolute  necessity  in  indus- 
trial applications,  and  the  use  of  mechanical  devices  for  this 
purpose  has  become  so  important  as  to  render  valuable  a  thor- 
ough investigation  of  the  various  types  and  modified  forms  of 
such  devices  with  reference  to  their  mechanical  and  to  their 
commercial  merits.  True  variable-speed  methods  have  long 
been  in  existence  in  the  form  of  the  cone  pulleys  and  belt  ar- 
rangement, the  lathe  back-gear,  and  the  screw-cutting  change- 
gear  attachment,  all  of  which  have  been  identified  with  ma- 
chine tools  since  the  earliest  days  of  engine  lathe  practice; 
but  modern  machine  tool  and  industrial  machinery  practice 
have  tended  towards,  and  have  come  to  demand,  methods  by 
which  these  changes  of  speed  may  be  effected,  with  no  inter- 
ference to  the  transmission  of  power,  as  well  as  also  with  a 
much  greater  number  of  variations  of  speed  within  the  speed 
range.  This  is  particularly  true  of  ail  modern  machine  tool 
practice  identified  with  economic  production  and  it  is  today 
the  greatest  desideratum  in  automobile  and  motor-car  practice 
where  constant-speed  gas  engines  are  so  mtich  used. 

The  article  under  the  above  title,  of  which  the  first  of  a 
series  is  begun  on  page  27  of  this  issue,  is  the  result  of  an 
extended  investigation  of  the  subject  made  by  our  Associate 
Editor,  Mr.  C.  W.  Obert,  prior  to  his  connection  with  this 
journal.  The  subject  is  treated  from  an  entirely  practical 
standpoint  with  reference  more  to  the  service  of  the  apparatus 
to  the  user  than  to  the  question  of  design.  We  hope  that  the 
results  as  set  forth  will  do  much  to  show  what  is  necessary 
for  the  greatly  needed  increase  of  productivity  of  machine 
tools  in  railroad  shops  by  indicating  the  direction  toward  which 
progress  is  tending  in  machine  tool  practice. 


PIECEWORK  AND  THE  WORKER. 


"How  to  change  the  worker's  attitude  toward  his  work  by 
means  of  a  change  in  the  system  of  apportioning  the  recom- 
pense for  it  would  seem  to  be  the  foremost  problem  of  the 
opening  years  of  the  new  century." 

This  is  the  foundation  of  one  of  the  best  arguments  for 
piece-work  that  has  appeared.  It  is  quoted  from  a  paper 
entitled  "Gift  Propositions  for  Paying  Workmen,"  read  last 
month  by  Mr.  Frank  Richards  before  the  American  Society 
ot  Mechanical  Engineers.  The  paper  should  be  read  by  every 
employer  of  men.  No  attempt  is  made  tg  present  it  in  ab- 
stract here  and  space  does  not  permit  it  to  be  p.-inted  in  full. 

The  author  discusses  the  modifications  of  the  piece-work 
system  known  as  the  premium  plan  r.nd  the  bonus  system, 
taking  issue  with  them  on  the  ground  that  both  give  to  the 
employer  more  than  a  proper  share  of  the  extra  profits  due 


to  increased  output  tiirough  additional  efforts  on  the  part 
of  workmen  above  what  may  be  fairly  expected  of  them  tor 
a  day's  work.  Concrete  examples  are  presented  in  detail 
t.)  show  that  under  these  systems  if  a  workman  increases 
his  product  by  one-half,  and  if  for  the  extra  half  output  he 
is  paid  at  one-half  tne  piece  price,  which  would  be  deter- 
mined by  his  day  rate,  the  employer  makes  half  the  wages 
which  would  be  paid  to  another  workman,  working  under  the 
old  rate  of  production  per  man.  This  profit  serves  to  reduce 
the  cost  per  piece  of  the  work  done  and  makes  the  plan  pop- 
ular among  manufacturers.  .Mr.  Richards  argues  that  the 
essential  error  in  both  of  the  systems  referred  to  is  in  ignor- 
ing the  strictly  business  relation  of  >5mployer  and  employee. 
He  asks:  Why  should  the  employer  not  pay  in  exact  propor- 
tion to  the  quantity  of  work  done? 

The  premium  and  bonus  systems,  and  also  straight  piece- 
work, have  for  their  object  the  same  thing,  namely,  increased 
output  and  reduced  cost.  They  all  aim  to  induce  men  by 
rewards  to  put  forth  their  utmost  endeavors.  They  differ, 
however,  in  one  essential  detail — in  the  character  of  the 
reward.  Straight  piece-work  offers  the  whole  reward  to 
the  workmen,  while  the  other  systems  divide  it  more  or  less 
equally  between  the  employer  and  the  workmen.  This  divi- 
sion is  made  in  order  to  lessen  the  temptation  of  the  em- 
ployer to  cut  the  rates  of  the  men,  and  it  is  an  effort  to  secure 
the  maximum  effort  of  the  men  through  the  offer  of  the 
least  possible  inducement  to  secure  that  effort,  and  one 
which  will  prevent  the  earnings  of  the  men  from  becoming 
uncomfortably    large. 

In  other  words,  the  premium  and  bonus  systems  offer  an 
easy  method  of  establishing  prices  and  of  correcting  the  effect 
of  prices  which  are  too  high  without  actually  cutting  the 
rates — and  rate-cutting  is  the  rock  on  which  piece-work  is 
often  wrecked.  Mr.  Richards  says:  "It  is  my  view  that  for 
everything  a  workman  can  do  there  is  a  fair  and  equitable 
price,  whatever  the  difficulty  of  determining  that  price,  and 
that  when  a  man  does  the  work  he  should  get  the  price." 
This  seems  to  be  pure  and  simple  Honesty. 

We  cannot  see  wherein  piece-work  in  any  way  fails  to 
meet  the  need.  Any  plan  which  does  not  require  dollars  to 
be  paid  for  pieces  produced  is  sleight-of-hand  and  the  men 
get  the  worst  of  it.  The  great  and  only  trouble  with  piece- 
work seems  to  be  the  desire  to  cut  the  prices  after  they  are 
once  settled  and  the  men  get  to  making  a  little  money.  It 
i.=  one  thing  to  install  piece-worlv  in  a  shop  and  quite  another 
thing  to  install  it  properly.  The  first  requisite  is  to  educate 
the  men  to  have  absolute  confidence  in  their  employer  and 
to  believe  that  at  all  times  the  employer  will  be  fair  to  them. 
They  should  be  made  to  feel  that  they  are  as  much  interested 
as  the  employer  in  getting  the  prices  right.  Where  this  plan 
is  pursued  piece-work  prices  are  not  put  into  effect  by  the 
hundreds,  but  gradually.  Where  it  is  done  in  this  way  it  is 
successful  and  prices  that  are  right  do  not  need  to  be  cut 
or  changed  until  some  new  element  or  process  comes  up  for 
consideration  and  calls  for  a  new  price  because  of  a  change 
in   the   conditions. 

Again  quoting  from  Mr.  Richards:  'The  essential  justice 
ot  the  piece-work  system  remains,  and  it  might  be  well 
worth  while  to  investigate  the  mistalres,  and  worse,  -which 
have  misdirected  its  application."  !a  other  words,  piece- 
work should  be  tried  fairly  before  substituting  anything 
else  for  it. 

Few  of  our  readers  are  experienced  with  the  premium 
system,  but  many  of  them  are  using  the  piece-work  plan. 
Because  this  paper  directs  attention  so  forcibly  to  the  im- 
portance of  correct  prices,  it  is  important.  Intelligent  price 
fixing  requires  the  attention  of  specialists  and  it  behooves 
every  establishment  having  the  piece-work  system  or  about 
to  take  it  up  to  develop  men  who  will  understand  and  can 
develop  the  system  properly. 
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IV. 


THE    ELECTRICAL    EQUIPMENT. 

The  application  of  an  electrical  system  of  distribution  of 
power  for  the  entire  locomotive  and  car  repair  shops  at  Col- 
linwoou  has  rendered  necessary  a  very  complete  and  thor- 
oughly equipped  distribution  system,  which  is  necessarily  of 
considerable  magnitude  inasmuch  as  all  the  lighting  for  the 
shops  and  yards  and  all  the  power  for  tool  and  crane 
driving  in  the  shops,  with  the  exception  of  a  small 
percentage  of  compressed-air  driven  portable  drills, 
hammers,  etc.,  and  the  hydraulic  riveter,  are  supplied  elec- 
trically. All  the  motors  and  also  the  lamps,  both  arc  and  in- 
candescent, are  supplied  by  current  from  the  same  bus-bars 
in  the  central  power  plant,  which  was  fully  described  on 
pages  332 — 339  of  the  November,  1902,  issue  of  this  journal. 
The  distances  from  the  power  house  to  the  various  points  of 
current  consumption  are  not  great,  the  only  point  to  which 
current  had  to  be  transmitted  outside  of  the  shops  themselves 
and  the  adjacent  yard  lighting  being  the  roundhouse,  which 
is  lighted  electrically  and  uses  electric  power  for  the  turn- 
table, so  that  the  maximum  distance  of  transmission  is  about 
3,000  ft.;  this  distance  renders  the  voltage  of  240  volts  suffi- 
ciently economical  and  it  was  preferable  that  no  higher 
voltage  be  used  for  the  sake  of  safety. 

THE  LIGHTING   .SYSTEM. 

The  electric  lighting  system  for  the  shop  buildings  and 
yards  comprises  both  arc  and  incandescent  lighting,  all  lamps 
being  fed  from  the  same  mains  and  at  the  same  voltage,  the 
dynamo  voltage  of  240  volts. 

For  the  arc  lighting  enclosed  arc  lamps  are  used,  operated  at 
120  volts  each  by  connecting  in  groups  of  two  in  series  across 
the  240-volt  mains.  Enclosed  arcs  are  used  not  only 
for  their  high  economy  in  the  consumption  of  carbons  and 
current  but  also  on  account  of  their  nearly  perfect  diffusion  of 
light,  and  the  120-volt  lamp  was  used  in  preference  to  the 
lamp  arranged  for  240  volts  on  account  of  the  better  quality  of 
light  obtained  from  the  lower  voltage  arc.  In  the  erecting 
shop  the  arc  lamps  are  distributed  one  at  each  space  between 
pits,  hung  alternately  at  opposite  ends;  i.  e.,  in  one  space  at 
the  south  side  of  the  shop  and  in  tne  next  space  at  the 
machine-shop  side.  This  same  arrangement  of  arc  lamps  Is 
carried  out  in  the  boiler  shop,  while  in  the  machine  shop  arcs 
are  hung  in  every  other  bay  on  the  girder  in  the  middle  be- 
tween the  heavy  tool  and  light  tool  sections.  The  arc  lamps 
were  supplied  by  the  Fort  Wayne  Electric  Works,  Fort  Wayne. 
Ind.,  under  a  guarantee  as  to  performance,  each  lamp  being 
provided  with  an  automatic  attachment  which  will  keep  it 
burning  if  its  mate  in  the  series  bums  out. 

An  incandescent  lamp  is  provided  at  every  machine  tool, 
being  supported  on  a  swinging  bracket  fastened  to  the  tool 
.Tnd  usually  ffd  by  a  flexible  double-conductor  insulated  cord 
hanging  slack  from  mains  on  the  roof-trusses  above.  The 
lamps  on  the  direct  motor-driven  tools  are,  however,  fed  with 
current  from  the  power  circuit  for  the  motor  on  that  tool.  The 
incandescent  lamps  used  are  all  the  special  long-filament  240- 
volt  lamps,  connected  singly  across  the  mains.  Between  the 
pits  in  the  erecting  shop  there  are  lamp-posts  erected,  one  in  the 
center  of  each  bench,  with  four  swinging  brackets  at  their  tops 
and  a  four-light  cluster  just  below,  at  about  7  ft.  above  the 
floor;  extension-cord  plugs  may  be  inserted  in  any  socket  of 
the  brackets  or  of  the  cluster  for  portable  lamps  in  any  loca- 
tion desired;  also,  25-ampere  capacity  extension-plug  recep- 
tacles are  provided  at  every  post,  so  that  flexible  ccrds  may  be 


run  for  5  horse-power  portable  motors  at  any  point  desired, 
feeding  from  the  lighting  mains,  and  extra  receptacles  from 
which  to  run  extension-cord  portable  lamps  are  placed  at  every 
post  in  the  shop. 

The  feeders  for  the  lighting  system  are  run  from  their  re- 
spective main  switches  on  the  feeder  panels  of  the  switchboard 
in  the  power-house  under  ground,  through  basement  and  then 
the  piping  tunnel,  to  the  southeast  corner  of  the  locomotive 
shop,  and  enter  two  distribution  boxes.  From  these,  feeders 
run  on  the  wall  of  the  building  at  a  height  of  16  ft.  above  the 
floor  to  distributing  panel  boards  placed  at  converient  loca- 
tions from  which  to  lead  the  mains  separately  to  the  lights  fed. 

From  the  panel  boards  the  arc  and  incandescent  light  cir- 
cuits are  run  separately.  There  are  a  few  circuits  arranged 
independently  for  all-night  arc  lamps  which  are  scattered 
throughout  the  buildings  and  outside.  All  the  fuses  used 
throughout  the  entire  system  are  the  "Noark"  cartridge-type 
enclosed  fuses,  manufactured  by  the  H.  W.  .Tohns-Manville 
Company,  New   York. 

DISTRIBUTION    SYSTEM. 

Feeder  cables  lead  from  the  switchboard  in  the  power 
house  through  the  piping  tunnel  to  six  distributing  boxes  in 
the  locomotive  shop,  four  of  which  are  located  at  intervals 
along  the  length  of  the  machine-shop  section  and  the  other 
two  of  which  are  spaced  on  the  south  wall  of  the  erecting 
shop.  The  "inside"  feeders  for  the  intermediate  voltages  of 
the  multiple  voltage  system,  lead  only  into  the  four  machine 
shop  boxes,  which  are  arranged  in  two  pairs  so  that  for  each 
pair  each  intermediate  wire  to  one  box  is  simply  tapped  oft 
from  the  similar  one  to  the  other  so  that  the  load  on  one 
box  assists  in  balancing  that  on  the  other  without  the  power 
being  compelled  to  return  to  the  power-house  switchboard 
for  the  balancing  effect.  From  the  distribution  boxes  mains 
are  run  to  eleven  tablet,  or  panel,  boards,  situated  at  con- 
venient points  around  the  shop,  and  from  these  boards  a 
separate  circuit  is  carried  to  each  toot,  except  for  some  long 
luns,  such  as  that  to  the  turn-table  outside  the  north  side  of 
the  shop,  where  tap-offs  have  been  allowed.  The  engraving  on 
the  opposite  page  shows  the  general  arrangement  of  one  of 
these  tablet  boards  located  on  a  column  in  the  machine  shop. 

The  circuits  to  the  tools  ^  tne  heavy  machine  bay,  over 
which  there  is  a  crane,  and  to  a  number  of  direct-connected 
tools  in  the  light  machine  shop,  are  run  underground,  the 
wires  being  passed  through  loricated  pipe,  which  is  carried  in 
a  groove  in  the  3-in.  plank  floor  and  covered  up  by  the  1-in. 
maple  flooring  on  top.  This  system  was  adopted  in  prefer- 
ence to  any  elaborate  system  of  junction  boxes  under  the 
floor,  as  it  was  found  that  in  order  to  keep  the  conduits  out 
ot  the  way  as  much  as  possible,  and  at  the  same  time  have 
the  controllers  in  the  most  convenient  position  for  the  men 
operating  the  tools,  it  is  necessary  not  to  bring  the  pipe 
\ip  within  a  few  feet  of  the  controller,  but  within  a  few 
i.nches  of  its  best  position. 

This  system  of  tablet  boards  has  not  been  adhered  to  rigidly 
— in  the  erecting  and  boiler  shops  the  tree  system  of  "tap- 
off"  wiring  has  been  used.  Leads  are  run  between  each  pit 
in  the  erecting  shop  of  sufficient  capacity  to  operate  two 
.^-h.p.  portable  motors  in  each  of  two  pits  on  either  side  of  a 
center  track.  Also  these  wires  take  care  of  the  incandescent 
lighting  in  the  erecting  shop. 

All  the  tools  which  are  gear-conuected  to  their  motors  are 
provided  with  single-pole  overload-release  circuit  breakers,  lo- 
cated at  the  sides,  or  back,  out  of  reach  so  that  they  will  not 
be  thrown  out  wrongfully.  This  not  only  protects  each  motor 
from  injurious  overload,  but  prevents  any  general  shut-down 
of  the  entire  plant  in  case  of  accident  to  any  tool.  Each  fuse 
on  the  tablet  boards  is  considerably  above  the  capacity  of 
the  circuit  breaker  on  its  circuit,  being  of  sufficient  size  to 
allow  for  a  failure  of  the  circuit  breaker  and  a  heavy  over- 
load on  the  motor  before  It  blows.     Group  motors  on  which 
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(Crofker-Wheeler  motor-drive  applied  to  a  machine  tool  shown  in  background,  showing  location  of  controller,  circuit-breaker,  resistance  box.  etc.) 

COLLINWOOD    SHOPS — LAKE    SHORE   &    MICHIGAN    SOUTHERN    RAILWAY. 


an  excessive  load  is  rather  liliely  to  occur  are  not  provided 
witli  circuit  breakers  at  all,  but  simply  with  fuses,  which 
fuses  are,  however,  of  a  capacity  50  per  cent,  above  the  rated 
horse-power  of  the  motor;  they  are  not  intended  to  protect 
the  motor  against  overload,  except  in  case  of  its  being  ex- 
treme, such  as  might  occur  from  a  breakdown. 
This  principle  of  fusing  far  above  the  rated  capacity  of  the 


motor  attached  to  the  circuit  has  been  carried  out  through- 
out the  entire  electrical  installation,  using  the  fuse  simply 
as  a  protection  against  a  breakdown  or  short  circuit.  All 
fuses  on  the  power  circuits  are  also  inclosed  fuses  of  the 
"No-ark"  type  to  enable  them  to  be  replaced  with  the  least 
possible  loss  of  time.  All  the  wires  in  tunnel  and  open  work 
are    single-braid    weatherproof    insulated,    and    those    under- 
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ground  are  rubber-covered.  The  circuit  breakers  used  on  the 
tools  are  the  midget  senior  type  made  by  the  Cutter  Company, 
Philadelphia,    Pa. 

This  tablet-board  system  is  about  10  per  cent,  more  expen- 
sive than  tbe  tree  or  "tap-off"  system,  in  which  mains  are  run 
direct  from  distribution  boxes  and  tap-o£fs  lead  off  to  each 
tool;  but  it  has  many  important  advantages.  On  the  tablet 
boards  are  all  the  fuses  for  each  circuit  leading  to  a  motor, 
so  that  if  a  fuse  for  any  tool  blows,  the  place  to  look  for  it 
is  known  and  it  can  be  instantly  replaced.  As  each  tool  has  a 
separate  circuit,  every  one  to  which  it  is  necessary  to  run  the 
wires  underground  has  all  Its  wires  in  one  piece  of  lori- 
cated  pipe,  so  that  if  any  defect  develops  in  the  insulation  of 
the  wires,  there  is  no  ground,  but  a  short  circuit,  and  it  is 
instantly  located  and  the  wires  can  be  drawn  out  and  re- 
placed. 

There  are  also  no  fuses  underground.  Where  shops  are 
wired  on  the  tap-off  system  underground  without  fuses,  if  a 
short  circuit  occurs  the  fuse  will  blow  back  on  the  distribut- 
ing box,  or  switchboard,  and  all  tools  on  that  branch  will  be 
idle  until  it  is  replaced.  Here  the  voltage  at  the  tool  is  also 
far  more  constant,  as  one  heavy  tool  near  the  distributing  box 
cannot  lower  the  voltage  for  all  tools  beyond  it,  but  as  the 
mains  are  carried  near  to  the  group  of  tools  connected  to 
them  they  all  lower  in  voltage  alike. 

In  calculating  sizes  of  wires,  a  difficulty  is  occasioned  by 
the  fact  that  in  mains  and  feeders  the  amperes  can  be  re- 
duced per  horse-power  on  account  of  the  number  of  tools 
rendering  variations  in  power  less  noticeable  and  also  on  ac- 
count of  not  all  the  tools  being  in  use  at  once.  At  the  same 
time  the  capacity  must  of  course  be  sufficient  to  take  care  of 
the  largest,  or  several  of  the  largest,  tools  without  excessive 
load  on  the  wires.  In  the  case  of  the  feeders,  this  is  not 
serious,  as  there  are  sufficient  tools  to  average  up  satisfactorily, 
but  in  the  case  of  the  mains  no  rule  depending  upon  amperes 
per  horse-power  and  load  factors  is  sstisfactory.  Therefore 
a  progressively  decreasing  quantity  system  of  calculating  was 
devised  in  which  all  circuits  are  laid  out  on  the  branch  sys- 
tem, and  they  are  then  combined  in  pairs,  successively,  back 
to  the  distributing  box;  in  each  combination  the  amperes  on 
the  joining  wire  are  determined  by  adding  half  the  smaller 
branch  to  the  larger,  as  indicated  Dy  the  simple  diagram 
appended  below: 

/  1.50-amp. 

40-ainp. 

30-amp. 


.-amp. 

185-amp. 
65-amp. 

170-amp.       1 

217  >, 

i 

-1 

i. 

60-amp. 

-10-amp. 
— 50-amp. 


-20-amp. 


By  this  system  the  heavy  load  is  always  taken  care  of  and 
a  fair  margin  is  added  to  take  care  of  the  proportion  of  the 
smaller  loads  that  may  be  in  use.  Of  course,  a  different  fac- 
tor than  one-half  may  be  taken,  as  one-third,  for  instance,  but 
it  was  found  that  by  taking  4  to  7  amperes  per  horse-power 
in  circuits  and  then  reducing  to  31/2  or  3  on  feeders  and  com- 
bining all  circuits  clear  back  to  switchboard  with  the  factor 
one-half,  that  the  same  results  were  obtained  for  feeders  as 
with  best  information  otherwise  available.  This  system,  which 
was  devised  by  Mr.  H.  H.  Vaughn,  was  found  very  rapid  and 
satisfactory.  Of  course,  different  results  can  be  obtained  by 
combining  in  different  ways,  but  the  error  is  not  large  enough 
in  this  case  to  be  serious.  The  feeders  were  figured  to  give 
5  per  cent,  drops  to  centers  of  power,  and  then  the  circuits 
were  adjusted  to  make  the  drops  at  tools  not  over  5  per  cent. 

The  engravings  upon  page  25  show  typical  arrangements  of 
motors  for  the  motor  drives  in  the  machine  shop.  The  illus- 
tration on  page  23,  which  shows  the  rear  of  a  planer-type 
milling  machine,  is  particularly  well  adapted  to  indicate  the 
convenient  and  compact  arrangement  possible  for  ths  motor, 
controller,   resistance  box  and   circuit-breaker. 


THE    MULTIPLE   VOLTA(iE    SYSTEM. 

In  order  to  obtain  variable  speeds  from  the  motors  used 
upon  the  direct-driven  tools,  the  multiple  voltage  system  of 
the  Crocker-Wheeler  Company  was  installed  for  the  speed 
controls,  which  system  was  referred  to  in  relation  to  the  gen- 
erating equipment  in  the  description  of  the  power  plant  in 
our  November  number.  This  system  consists  essentially 
of  several  sources  of  current  supply  at  different  voltages, 
each  differing  by  40  volts,  which  may  be  each  fed  to  the  motor 
separately  or  in  combinations,  each  different  voltage  and  com- 
bination giving  a  different  motor  speed.  This  is  accomplished 
as  shown  in  the  accompanying  diagram,  the  armatures  of 
the  balancing  rotary  transformer  being  connected  up.  in  series 
with  lead  wires  tapped  off  between  each  two  and  outside. 
This  is,  of  course,  merely  an  extension  of  the  idea  of  the 
familiar  Edison  three-wire  system,  so  much  used  in  electric 
lighting;  in  this  case,  however,  four  wires  are  used  and  the 
voltages  in  the  various  branches  of  the  system  are  not  equal. 
The  changing  of  speeds  of  the  motors  is  made  simple  by  the 
use  of  controllers  which,  for  the  different  positions  of  their 
handles,  connect  their  motors  to  the  various  sources  of  supply 
and  then  to  the  various  combinations  in  succession.  Thus,  - 
for  the  starting  position  of  the  handle,  a  motor  is  connected  to 
C  (40  volts)  only,  and  in  later  steps  to  A  (80  volts)  only,  and 
then  to  B  (120  volts)  only;  for  still  higher  speeds  the  motor 
is  connected  in  succession  to  B  and  C  combined  (ICO  volts), 
A  and  B  combined  (200  volts),  and  at  last  to  A,  B  and  C  com- 
bined (240  volts),  the  highest  voltage,  which  is  taken  from 
the  "outside,"  or  main  lead,  wires,  giving  the  total  dynamo 
voltage  and  is  then  independent  of  the  balancing  transformer. 
Each  voltage  applied  to  the  motor  gives  it  a  different  constant 
speed,  40  volts  giving  the  lowest  speed,  used  for  starting  only, 
and  the  other  voltages,  higher  speeds  up  to  240  volts,  the  high- 
est. With  the  Crocker-Wheeler  controllers,  as  applied  in  this 
installation,  intermediate  speeds  are  made  available  between 
those  offerejl  by  the  various  voltages  and  combinations  by  an 
armature  resistance,  giving  20  volts  drop,  inserted  in  the 
armature  circuit  at  every  other  controller  step.  The  dia- 
gram on  page  23  indicates  the  arrangement  of  the  complete 
connections  for  a  controller  governing  a  motor.  The  four 
small  circles  shown  at  Mi,  M:,  M3  and  Mi  represent  fingers  of 
the  controller  which  lead  the  supply  current  into  the  con- 
tacts on  the  drum.  Each  vertical  line  in  the  controller  dia- 
gram represents  a  step  of  the  controller  for  a  certain  definite 
speed,  of  which  there  are  12  forward  and  6  reverse.  The  com- 
plete connections  through  the  controller  to  the  motor  may  be 
traced  for  each  controller  speed  in  the  diagram  by  consider- 
ing the  9  small  circles,  R:,  Ri,  Mi,  M2.  Ms,  Mi,  0,  0  and  A  Ai 
(which  represent  the  contact  fingers  of  the  controllers) ,  as  moved 
along  to  coincidence  with  the  various  vertical  lines,  in  each  of 
which  positions  they  will  be  each  in  contact  with  a  group  of 
the  contact  plates  (represented  by  the  heavy  black  squares) 
furnishing  the  required  connections.  The  first  step  connects 
the  motor  into  the  lowest  voltage  in  series  with  the  resistance, 
giving  the  20-volt  drop;  the  second  step  merely  cuts  this  resist- 
ance out  of  the  circuit;  the  third  step  connects  up  the  next 
higher  voltage  again  in  series  with  the  same  resistance;  the 
fourth  merely  cuts  out  the  resistance  again;  and  so  on  to  the 
highest  speed. 

A  notable  feature  of  the  Crocker-Wheeler  controller  is  the 
fact  that  in  passing  from  one  step  to  the  next  in  either  direc- 
tion, absolute  contacts  are  ensured  by  a  spring  mechanism 
causing  quick  jumps  from  one  position  to  another;  this  pre- 
vents the  handle  from  remaining  half  way  accidentally.  Also 
the  use  of  the  resistance  giving  the  20-volt  drop  goes  a 
great  ways  to  effect  smoothness  in  changes  of  speed.  If  the 
changes  were  made  from  one  voltage  to  the  next  higher  (which 
is  in  all  cases  a  difference  of  40  volts)  the  result  would  be  a 
mechanical  shock  to  the  motor  with  each  change;  but  the 
resistance  reduces  the  jump  one-half  and  thus  effectually 
serves  as  a  "cushion"  to  the  motor  at  each  change. 
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Below  is  presented  in  detail  the  information  regardinK  tliR 
Niles  electric  cranes,  which  serve  the  various  departments  of 
the  locomotive  shop.  This  supplements  the  article  that  ap- 
piared  last  month.  In  the  the  following  issue  of  this  journal 
tlie  information  will  be  given  regarding  the  machine  tool 
equipment  and  methods  of  driving. 

TIt.VVELINO    CK.VNKS. 

The  arrangement  of  the  four  main  electric  cranes  running 
full  length  of  the  locomotive  shop  are  indicated  in  the  draw- 
ings, pages  3<;9-371  of  our  December,  1902,  issue.  The  erecting 
shop  is  served  Iiy  two  cranes  having  different  tracl<s,  one  a  100- 
ton  crane  with  two  SO-ton  trolleys,  and  the  other  a  lOton  crane 
with  a  single  trolley.  The  lOO-ton  crane,  which  runs  on  the 
upper  tracl<,  has  a  span  of  65  ft.  6  ins,,  with  the  tra<'ks  38  ft. 


1  Ins.  above  the  floor,  while  the  10-ton  crane,  on  the  lower 
track,  has  a  62-ft.  8-in.  span,  with  tracks  26  ft.  3  ins.  above 
floor. 

The  lift  of  either  liook  of  the  1 00  ton  crane  is  35  ft.  2  Ins., 
which  is  sufficient  to  permit  lifting  of  one  locomotive  entirely 
over  the  others.  The  test  load  submitted  to  each  trolley  of 
this  crane  was  125, uOO  lbs,,  its  rated  capacity  being  100,000  lbs. 
each.  The  height  over  all  of  the  crane  above  runway  rails  Is 
10  ft.  3',-!  ins.  This  crane  is  equipped  with  five  motors,  all 
operated  at  the  dynamo  voltage  of  240  volts  on  the  main 
two-wire  system.  The  two  main  hoists  are  each  equipped  with 
45  h,  p,  motors  giving  a  hoisting  speed  of  10  ft,  per  minute  at 
full  load  and  25  ft,  per  minute  at  no  load;  the  trolleys  each 
have  10  h,   p,  traversing  motors   capable   of  giving  a  trolley 


mnECT    UHIVE    ON    A    28-INCH    POND    ENGINE     LATHE. 

(Motor  supported  on  a  specially  designed  framework  above  the  headstock.) 


DRIVE    FOR   A    CINCINNATI   PUNCH   AND    SHEAR    WORKS    BAR    SHEAR. 

(Showing   convenient    arrangement   of  motor   and   method    of 
leading   in    wires.) 


HKLIED  DRIVK    KOK    A    ln-j  llilCH    &    HAKVEV    OPEN-SIDE    PI-ANEH    AT   LEFT  — 
DIRECT   DRIVE    ON   A    BICKFORD  RADIAL    DRILL    AT    RIGHT. 


DIRECT    DRIVE    ON    A>J    S4-INCH    NILES    WHEEL    LATHE. 

(Showing   convenient   arrangement  of  motor  and  controller.) 


TYPICAL    INDIVIDUAL    MOTOR    DRIVES. 
COLLINWOOU    SHOPS— LAKE    SHORE  &    .MICHIGAN    SOUTHERN    RAILWAY. 
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speed  of  75  ft.  per  minute  at  full  load  and  100  ft.  per  minute  at 
no  load;  the  bridge  is  equipped  with  a  45  h.  p.  motor  giving  a 
full  load  speed  of  150  ft.  and  no  load  speed  of  200  ft.  per 
minute. 

The  10-ton  crane  has  a  26-ft.  lift  of  the  main  hook,  its  test 
load  having  been  25,000  lbs.,  and  its  height  over  all  above 
the  runway  rails  is  7  ft.  3  ins.  Its  main  hoist  has  a  20  h.  p. 
motor,  giving  a  hoisting  speed  of  from  20  ft.  to  50  ft.  per 
minute  from  lull  load  to  no  load.  The  trolley  has  a  2iA  h.  p. 
traversing  motor,  with  a  speed  of  from  125  ft.  to  160  ft.,  and 
the  bridge  is  equipped  with  a  20  h.  p.  motor,  giving  a  crane 
speed  of  300  ft.  to  375  ft.  per  minute. 

The  crane  serving  the  boiler  shop  is  a  30-ton  crane  with 
two  15-ton  trolleys  having  a  lift  of  main  hook  of  34  ft.  6  ins. 
Its  span  is  74  ft.  6  ins.  and  its  height  over  all  is  8  ft.  3%  ins. 
above  runway  rails.  The  test  load  of  each  trolley  was  37,500 
lbs.  Kach  main  hoist  has  a  20  h.  p.  motor  giving  a  hoisting 
speed  of  14  to  30  ft.  per  minute  from  tuH  to  no  load;  the 
tiaversing  motors  of  each  trolley  are  2i..  h.  p.  motors  giving 
speeds  from  110  to  150  ft.  per  minute  from  full  to  no  load; 
the  bridge  motor  is  30  h.  p.,  giving  speeds  from  250  to  300  ft. 
per  minute. 

The  7%-ton  crane  in  the  heavy  tool  section  of  the  machine 
shop  has  for  its  main  hoist  a  20  h.  p.  motor,  giving  a  hoisting 
speed  of  20  to  50  ft.  per  minute  from  full  to  no  load;  for  the 
traverse  of  the  trolley  a  2V.  h.  p.  motor,  giving  speeds  from 
125  to  160  ft.,  and  for  the  bridge  a  20  h.  p.  motor,  giving 
speeds  from  300  to  375  ft.  per  minute.  Its  span  is  46  ft.  7  ins. 
and  its  height  over  all  is  5  ft.  6  ins.  above  the  runway  rails, 
the  test  load  of  the  hoist  being  18,750  lbs. 

All  cranes  have  cut  gears  and  the  hoisting  gear  runs  in 
oil,  with  dust-proof  covering  boxes.  They  were  all  supplied 
by  the  Niles,  Bement,  Pond  Company,  the  well-known  machine 
tool  and  crane  manufacturers. 

There  are  also  three  1-ton  hand-power  traveling  cranes  with 
17  and  18  ft.  spans  and  short  local  travels  in  the  light  tool 
section  of  the  machine  shop.  They  all  run  on  tracks  20  ft. 
9  ins,  above  floor  and  are  all  arranged  to  serve  local  heavy 
tools.  The  crane  in  the  riveting  tower  of  the  boiler  shop  Is  a 
hydraulic  crane  supplied  by  same  pressure  as  to  the  riveter; 
its  hoist  is  controlled  by  a  hydraulic  cylinder  on  the  floor 
and  its  traverse  and  trolley  motion  is  by  hand.  It  was  fur- 
nished by  the  Niles,  Bement,  Pond  Company,  together  with 
the  riveter. 


An  interesting  special  portable  drilling  machine  has  re- 
cently been  placed  in  service  at  the  works  of  the  Dodge  Manu- 
facturing Co.  which  is  adapted  for  saving  time  in  mounting 
for  drilling  of  the  hub  flanges  for  large  segmental  fly-wheels. 
The  drilling  machine  is  the  standard  radial  drill  of  the  latest 
type  manufactured  by  the  Bickford  Drill  and  Tool  Co.,  of  Cin- 
cinnati, 0.,  with  the  exception  of  the  absence  of  the  base,  and 
other  changes  made  necessary  by  the  direct  motor  drive.  The 
base  has  oeen  entirely  omitted  and  replaced  by  an  extension 
of  the  column  at  its  lower  jend  into  a  short,  slightly  tapering 
stump  intended  to  fit  corresponding  bushings  whic^  in  turn, 
will  fit  the  bores  of  the  various  sizes  of  wheel  hubs.  The  elec- 
tric drive  consists  of  a  constant  speed  motor  with  a  vertical 
armature  shaft  and  is  mounted  directly  on  top  of  the  drill 
column,  so  that  not  only  is  it  direct-connected  to  the  gearing 
of  the  machine,  but  also  it  is  in  a  position  offering  the  least 
possible  hindrance  to  handling  ana  operation.  The  drive 
is  through  nests  of  gears  which  may  be  changed  by  hand 
levers  to  give  eight  changes  of  speed.  The  tool  is  mounted 
very  quickly  by  means  of  the  traveling  crane  in  the  bore  of 
the  wheel  hub  lying  on  its  side,  after  which  the  spoke  bolt 
holes  may  be  drilled  and  reamed  with  the  greatest  facility. 
For  rapid  machining,  together  with  economy  of  time  in  locat- 
ing, this  form  of  machine  commends  itself  and  suggests  the 
possibilty  of  similar  applications  in  locomotive  repair  work. 
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MACHINE  TOOL  PROGRESS. 


KUKDS   AND   DmVEN, 


ItY  O.  W.  f)l)KUl'. 


I. 


The  term  vaiiable-speed  power-trausmission  device  as  here 
used  is  intended  to  refer  to  a  self-contained  mechanical  ar- 
rangement interposed  between  a  motor,  or  driving  shaft,  and 
I  he  driven  shaft,  or  machine,  whereby  power  in  the  form  of 
lotative  motion  may  be  delivered  from  the  driving  sovirce  to 
the  roceplive  somre  at  speeds  which  may  easily  be  changed 
without  removing  belts  or  changing  gears  in  the  sense  couveyi  d 
by  the  "change  gear"  method  for  sc'rew  culling  in  engine 
lathe  practice.  The  ideal  limitation  of  the  variable-speed 
ilevice  is,  of  course,  the  arrangement  whereby  the  speed  of 
transmission    may   be   varied   through   an    iiifinilc    number    iif 


Hendey  Machine  Company,  Torrington,  Conn.,  to  their  Hen- 
dey-Norton  lathes.  Their  arrangement  of  gears  is  that  of  a 
nest  of  several  gears  of  different  diameters  mounted  on  the 
driven  shaft  and  a  small  spur  gear  revolving  with,  and  mov- 
able lengthwise  on,  the  parallel  driving  shaft,  which  spur 
gear  is  capable  of  being  thrown  into  mesh  with  any  gear  of 
the  nest.  Fig.  1  shows  a  general  view  of  an  18-ln.  Hendey- 
Norton  lathe  with  this  gearing  device  attached  as  shown  at  G. 
I'^jg.  2  is  a  rear  view  of  the  device  detached  from  the  lathe,  and 
l<Mg  3  shows  it  in  section.  N  is  the  nest  of  gtars.  all  keyed  to 
the  lead  screw  shaft  S,  and  1)  is  a  splined  driving  shaft 
parallel  to  the  shaft,  S.  whi<h  receives  its  motion  from  the 
heidstock  spindle  through  gearing  at  A,  in  the  usual  way. 
Surrounding  the  shaft  D  is  a  bracket,  or  frame,  F,  Figs. 
•Z  and  :>,.  inclosing  the  pinion  O,  which  feathers  into  and  thus 
revolves  with  the  driving  s.iaft  I),  and  a'so  there  is  carried 
in  this  frame  another  pinion.  P.  which  is  mounted  permanently 
in  mesh  with  pinion  O.  This  frame  is  (ontrolled  by  the  handle 
H.  Fig.  3.  outside  the  case,  so  that  by  moving  the  latter  along 
the  lower  side  of  the  large  lateral  slot  in  the  front  side  of 
the  case,  the  pinion  P  may  be  brought  adjoining  any  of  the 
gears  in  the  nest:  and  then  when  it  is  desired  to  place  it  into 
mesh  with  any  gear  of  the  nest,  the  handle  H  is  raised  into 
the  small  vertical  slot  corresponding  to  that  gear  and  locked 


kk;.    2.  —  KK.\K    vn.u    ..i     i.i,ai;-bi>x.    sHtiwiNi;    chahim; 

cariations.  Instantaneously,  easily  and  without  any  interrup- 
tion to  the  transmission  of  the  power.  Such  an  achievement 
has  been  incapable  of  realization  in  practice,  even  though 
many  attempts  have  been  made  in  this  direction  with  some 
degree  of  success,  especially  with  devices  using  the  fric- 
tional-driving  method  of  transmission.  The  greatest  develop- 
ment has,  however,  been  along  the  more  practical  line  of  the 
positive-drive  method  of  transmission,  and  along  this  line 
many  attempts  have  been  made  to  perfect  devices.  It  is 
hoped  to  be  able  to  herein  show  along  what  lines  true  prog- 
ress has  been  made  and  where  mechanical  limitations  seem 
t~>  have  checked  desired  progress  in  other  lines. 

An  examination  of  all  the  methods  of  obtaining  variable 
speeds  reveals  the  two  general  divisions  of  the  subject  accord- 
ing to  the  agency  employed  in  transmitting  the  power,  viz.: 
mechanical  and  electrical.  Then  the  mechanical  division  is 
also  divisible  into  subdivisions,  according  to  the  mechan- 
ism employed  in  the  transmission,  viz.:  the  positive-drive 
class,  using  gears,  and  the  friction-drive  class.  In  the  posi- 
tive-drive division  of  the  mechanical  methods  only  a  very 
limited  number  of  attempts  have  been  made  toward  the 
design  of  mechanisms  in  which  the  speed  may  be  changed 
without  interruption  of  the  transmission;  In  fact,  the  entire 
development  of  variable-speed  apparatus  in  machine  tool  prac- 
tice may  be  traced  back  to  the  well-known  "back  gear" 
method  of  obtaining  two  different  speeds  at  the  drill  or  lathe 
spindle  from  a  constant-speed  countershaft  drive,  which 
method  involves  necessarily  a  cessation  of  the  transmission  of 
power  in  changing  speeds  because  toothed  gears  are  used. 
The  principal  application  of  the  mechanical  gear-drive  varia- 
ble-speed device  in  machine  tool  practice  is  that  of  driving 
feed  mechanisms;  the  use  of  the  modern  heavy  lathes  for 
hard-driven  service  in  efforts  toward  increased  profit-making 
has  rendered  belt-driven  feeds  undesirable  and  practically 
requires  positive-geared  feeds  of  wide  ranges  of  speed,  al- 
though it  is  by  no  means  essential  that  there  shall  be  no 
interruption  of  power  while  changing  the  speed  of  feed. 

One  of  the  earliest  examples  of  a  variable-speed  feed  mech- 
anism of  the  gear-drive  type  is  that  which  is  applied  by  the 


FIG.    4.- 


-IDEAL    LATHE,     SPRINGFIELD    MACHINE    TOOL     COMPANY.     SHOWING 
CHANGE-GF.AR     BOX. 


in  that  position.  The  small  vertical  slot  guide  and  the  locking 
attachment  ensure  the  proper  mesh  and  no  interference  with 
other  gears. 

This  device,  which  is  nothing  more  nor  less  than  an  adapta- 
tion of  the  idea  of  the  cone  pulley,  is  without  criticism  in  the 
matter  of  simplicity,  and  as  the  gears  are  all  of  the  same  dia- 
n.etral  pitch  they  must  of  necessity  all  work  properly  to- 
gether. The  large  number  of  gears  in  the  nest  render  quite 
a  variety  of  speeds  possible  and  with  sufficiently  gradual  incre- 
ments as  to  meet  all  possible  requirements  of  ordinary  lathe 
practice.  A  possible  criticism  is  that  the  large  slot  in  the 
front  side  of  the  case  would  admit  dust  and  dirt  in  perhaps 
objectionable  quantities.  But  as  a  device  of  its  type,  requiring 
cessation  of  transmission  of  power  while  changing  speed,  it 
has  a  great  deal  to  commend  it.  both  as  to  ease  of  change  and 
to  excellence  of  design  in  general. 

The  Springfield  Machine  Tool  Co.,  Springfield.  Ohio,  have 
applied  a  similar  but  less  effective  device  to  the  feeds  of  their 
lathes,  consisting  substantially  of  an  attachment  whereby  the 
"change  gears,"  as  ordinarily  used  on  lathes  for  varying  feed 
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ratios,  may  be  changed  very  quickly  and  In  a  simple  manner. 
It  consists  of  a  gear  box  in  which  all  the  change  gears  are 
mounted,  and  means  whereby  the  gear  box  may  be  readily 
adjusted  so  as  to  bring  any  one  ot  the  gears  desired  into  con- 
nection with  the  lead  screw.  The  gear  case,  which  is  shown  at 
A,  Figs.  4,  5  and  6,  is  a  cast-iron  box,  the  cover  ot  which  is 
capable  of  rotating  about  a  stud,  S,  Figs.  5  and  6,  at  its  center, 
and  upon  the  inner  side  of  which  cover  the  change  gears  are 
permanently  mounted.  These  gears  have  extension  hubs  which 
are  fitted  as  Journals  into  bearings  in  the  cover  to  allow  of  ro- 
tation of  the  gears,  and  are  held  in  position  in  their  bearings 
by  the  collars,  B,  secured  on  their  hubs  outside  of  the  cover, 
'lae  holes  shown  in  the  protruding  extension  hubs  at  B,  Fig.  5, 
are  simply  holes  passing  through  the  gear  hubs  for  the  clutch- 
ing device.  These  bearings  in  the  cover  are  arranged  on  a  circle 
concentric  with  the  stud,  S,  which  circle  is  in  line  with  the 
center  of  the  lead  screw,  so  that  any  of  the  gears  may  be  placed 


fIG.     5. 


VIEW    OF    IDEAL    LATHE,     SHOWING    METHOD     OF    SUPPORTING 
CHA.VGE     GEARS     BY    THEIR    HUBS. 


opposite  the  end  of  the  lead  screw  by  simply  revolving  the 
gear  case  cover.  For  connecting  any  change  gear  to  the  lead 
screw,  a  clutching  device.  C,  Fig.  4.  is  provided,  which  con- 
sists of  a  telescopically  arranged  extension  of  the  lead  screw 
shaft.  This  extension,  N,  Fig.  6,  which  is  moved  by  lever  D. 
is  reduced  at  its  end  to  enter  the  hole  in  the  change  gear,  a 
distance  equal  to  its  width,  before  the  clutches  with  which 
the  change  gears  and  the  extension  are  fitted,  engage  with  each 
other,  so  that  when  one  of  the  change  nears  is  connected  with 
the  lead  screw,  it  ceases  to  depend  on  the  gear  case  cover  for 
support,  but  is  substantially  mounted  on  the  lead  screw.  To 
connect  one  of  these  gears  upon  the  lead  screw  it  is  simply 
necessary  to  bring  that  gear  into  position  by  revolving  the 
gear  case  until  the  hole  in  its  nub  comes  in  line  with  the  lead 
screw  as  shown  by  an  indicator  on  the  case,  and  then  throw 
the  clutch  handle,  D. 

By  the  mounting  of  the  change  gears  upon  the  inside  of  the 
gear  case  an  effective  guard  is  provided  to  protect  the  gears 


from  dirt  or  injury,  all  of  the  eight  gears  being  entirely  con- 
cealed by  the  case  except  at  the  top  where  the  intermediate 
gear,  F,  Figs.  4  and  5,  enters  to  mesh  with  them.  Thus  this 
device  has  in  this  respect  advantages  over  the  former  one,  but, 
on  the  other  hand  it  is,  in  reality,  a  retrogression  from  the 
ideal  transmitter  as  compared  with  the  Hendey-Norton  gear 
box.     The  changes  cannot  be  made  nearly  as  qtfickly  and  they 


si^s^ 


FIG.     6. SECTIONAL     VIEW    OF    IDEAL    LATHE     GEAR-BOX.     SHOWING    CLUTCH 

ARRANGEMENT. 

involve  considerably  more  care  and  trouble  in  being  made;  it 
requires  three  different  operations  or  manipulations  of  parts 
lor  a  single  change  of  speed,  while  the  Hendey-Norton  gear 
box  requires  but  one.  The  Springfield  device  has,  however,  to 
commend  it  the  advantage  of  the  fact  that  all  the  other  change 
gears  besides  the  one  in  mesh  are  at  all  times  inoperative  and 
at  rest,  so  that  there  are  far  less  parts  in  motion,  and  further- 
more there  is  no  possibility  of  the  springing  of  an  intermediate 
shaft  as  there  might  be  in  the  Hendey-Norton  liox.  as  in  this 
case  each  change  gear  is  firmly  mounted  on  the  lead-screw 
shaft  when  in  operation. 

(To  be  continued.) 


Mackinac  Island  is  to  be  the  place  of  meeting  of  the  Mastei 
Mechanics'  and  Master  Car  Builders'  Association  conventions, 
June  17  to  ^.4,  with  headquarters  at  the  Grand  Hotel.  Appli- 
cations for  rooms  should  be  made  r-)  Mr.  Henry  Weaver, 
Planters'  Hotel,  St.  Louis,  and  applications  for  exhibit  space 
to  Mr.  J.  Alexander  Brown.  24  Park  Place,  New  York.  It  is  a 
gcod  place  for  a  convention — "after  you  get  there" — but  it  is 
difficult  to  understand  why  such  an  out-of-the-way  place  was 
selected.  For  the  meeting  place  for  the  next  convention  the 
committee  is  recommended  to  consult  Lieutenant  Peary  as 
to  the  possibilities  of  the  Arctic  regions. 


An  interesting  design  for  a  box  car  with  steel  underframe 
is  presented  on  another  page  in  this  issue.  The  construction 
illustrated  seems  to  go  back  to  the  early  stages  of  the  steel 
car  in  this  country,  for,  like  the  Harvey  and  Joughins  de- 
signs, it  employs  truss-rods.  This,  however,  is  not  a  step 
backward  in  any  sense,  for  the  design  is  the  work  of  an 
accomplished  engineer,  truss-rods  being  used  for  a  definite 
purpose.  It  is  hoped  that  readers  will  consider  this  design 
carefully  and  express  their  opinions  upon  it  through  these 
columns. 
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W.   W.   ATTERBURY. 


motive  power  by  Mr.  A.  W.  Gibbs,  formerly  superintendent  of 
motive  power  of  the  Philaflelphia,  Wilmington  &  Baltimore. 


Mr.  W.  W.  Atterlnuy  lias  been  appointed  general  mauaKsr 
of  the  Pennsylvania  Railroad  to  succeed  IMr.  J.  B.  Hutchin- 
son who,  because  of  ill  health,  has  been  relieved  of  the  rp- 
Kponsibilites  of  this  position. 

The  appointment  of  Mr.  Atterbury  is  another  important 
lecoKnil  ion  of  niolivr  power  experience  as  a  preparation  for 
operating  resi)on.siliilitics.  Mr.  Atterbury  is  37  years  of  age. 
He  was  born  at  New  Albany,  Ind.,  in  ISfiti,  and  it  is  safe  to 
say  no  man  of  his  age  has  ever  attained  so  high  a  position 
on  the  Pennsylvania. 

He  is  a  graduate  of  the  Sheffield  Scientific  School  of  Yale 
University,  class  of  188G,  and  entered  the  employ  of  this  road 
in  October  of  that  year  as  a  special  apprentice,  his  time  in 
this  service  being  reduced  because  of  previous  experience  in 
machine  shops  at  Detroit.  .T\i!y  1,  18811.  he  was  sent  out  as 
assistant  road  fore- 
man of  engines  of 
the  Philadelphia  di- 
vision, where  his  ex- 
ecutive work  began. 
He  was  transferred 
to  a  similar  position 
on  the  Pittsburg  divi 
sion  and  afterward 
went  to  the  P.  W.  & 
B.  R.  R.  in  the  same 
capacity.  In  1892  he 
went  to  the  Pennsyl- 
vania Twines  as  as- 
sistant engineer  of 
motive  power  and  be- 
came master  nic 
c  h  a  n  i  c  at  Fort 
Wayne  in  1893.  Oc- 
tober 26,  1896,  he  re- 
ceived tje  appoint- 
ment of  superintend- 
ent of  motive  power 
of  the  Pennsylvania 
Railroad  division  and 
upon  the  resignation 
of  Mr.  Casanave,  be- 
came general  super- 
intendent of  motive 
power  of  the  lines 
east  of  Pittsburg,  Oc- 
tober, 1901.  In  17 
years  he  has  risen 
from  apprenticeship 
to  the  position  of 
?:eneral  manager. 
This  record,  his  ex- 
perience and  ability, 
will  unquestionably 
ilace  him  much  high- 
er in  the  councils  of 
this  great  railroad. 

For  a  number  of 
years  he  has  been  ac- 
tive in  the  Master 
Mechanics'  and  Mas- 
ter Car  Builders'  As- 
■iociations,  and  wher- 
ever his  name  appears  in  the  proceedings  of  these  organi- 
zations it  is  in  connection  with  important  work  which  has  been 
1  liaracteristically  well  done.  He  is  also  a  member  of  the 
.\nierican  Society  of  Mechanical  Engineers  and  of  a  number 
of  social  clubs  of  the  highest  standing. 

Mr.   .\tterbury   is   succeeded   as   general   superintendent   of 


SOME  INTERESTING  NEW    DRIVING-WHEEL  LATHES, 
l']xiuA  Hkavv  AM)  oi-  Si'wiAi.  Desicn  loi:  vBur  Rapid  Cuttino. 


W.  W.  ATTERBURY. 

GENEEAL  MANAGER,  PENNSYLVANIA   KAILHOAD 


The  Niles  I'ool  Works  Co.,  Hamilton,  Omo,  have  recently 
installed  in  some  prominent  railroad  repair  shops  of  the  coun- 
try several  interesting  extra  heavy  driving-wheel  lathes  whicii 
involve  in  many  respects  departures  from  existing  practice. 
The  engraving  on  the  following  page  presents  a  front  view 
of  a  driving-wheel  lathe  of  special  design  recently  built  by 
the  Niles  (Company  for  the  Altoona  shops  of  the  Pennsylvania 
Railroad.  II  is  arranged  for  individual  electric  drive,  being 
equipped  with  two  General  Electri<'  Co.  direct-current  motors, 
one  on  the  left  headstock  for  the  main  drive  and  the  other  at 

the  rear  for  shifting 
the  right-hand  head- 
stock  of  the  lathe.' 

This  lathe  is  de- 
signed to  take  very 
heavy  cuts,  using  the 
new  highly-efficient, 
self-hardening  steel 
for  tools,  the  capa- 
city of  the  machine 
with  respect  to  the 
size  of  the  work  be- 
ing tires  on  driving- 
wheels  ranging  from 
52  to  68  inches  in 
diameter  on  tread. 
The  face-plates  are 
72  inches  in  diameter 
ind  are  driven 
through  internal  cut- 
gears  of  gun  iron 
vith  which  they  are 
titled,  the  gears  hav- 
ing 100  teeth  of  2-in. 
pitch  and  7-in.  face. 
\  novel  feature  is  in- 
troduced in  that 
openings  are  provid- 
ed in  the  face-plates, 
as  shown  in  the  left 
plate,  for  the  pur- 
pose of  receiving  the 
crank-pins  of  the 
driving-wheels,  per- 
mitting mounting 
the  wheels  close  up 
to  the  face-plates, 
which  greatly  simpli- 
fles  the  method  of 
driving  them  and 
largely  reduces  the 
strains  resulting 
from  the  drive.  The 
main  spindles  of  the 
machine  are  of  high- 
grade  gun-iron,  with 
front  or  main  bear- 
ings lo  ins.  diameter 
by  16  ins.  long  and  rear  bearings  10  ins.  diameter  by  14  ins. 
long,  these  bearings  being  bronze  boxes  of  the  usual  construc- 
tion permitting  of  adjustment  for  wear.  The  internal  sliding 
spindles  carrying  the  centers  are  7  ins.  in  diameter,  being 
made  from  steel  torgings. 
The   carriages   and   tool-rests  for  this  lathe  are  of  great 
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strength  and  massiveness  of  construction.  The  tool-rests  are 
provided  with  lateral  adjustments  on  the  carriages  and  also 
the  necessary  swivelling  adjustment  for  turning  the  tapers 
on  the  treads  of  the  tires.  Two  tools  are  at  present  being 
worked  in  each  tool-rest  by  means  of  specially  arranged  tool- 
post  fittings,  which  causes  each  two  tools  to  act  as  a  gang.  The 
feeds  for  the  tool-rests  are  driven  by  ratchets  operated 
through  the  rocUer  arm  and  shaft  shown  at  the  right-hand 
front  corner  of  the  bed.  the  rocker  arm  being  driven  positively 
by  one  of  the  driving  shafts  at  the  rear  of  the  bed.  The  lathe 
as  equipped  is  intended  for  turning  tires  only,  but  by  slight 
modifications  it  may  be  adapted  for  turning  journals  also. 
Also  quartering  attachments  may  be  applied  to  both  heads  of 
this  machine,  although  they  can  work  simultaneously  only  on 
pairs  of  wheels  having  left-hand  lead,  but  the  smallest  radius 
for  which  this  lathe  can  be  set  for  quartering  is  13  ins.  on  ac- 
count of  the  large  size  of  spindle. 

All  of  the  gear-carrying  shafts  between  the  main  motor  and 
the  face-plates  run  in  bronze  bearings,  and  all  of  the  gears 
are  of  close  grain  gun-iron  and  the  pinions  of  steel  forgings, 


est,  as  it  is  utilized  for  changing  to  an  extremely  great  reduc- 
tion of  speed  rather  than  for  reversal  of  motion,  its  usual  ap- 
plication heretofore.  The  form  of  clutch  used  is  the  iron-clad 
annular  magnet  type  of  magnetic  clutch  which  was  originated 
by  the  General  Electric  Co.  for  reversing  planers  in  connec- 
tion with  positive  motor  driving.  The  accompanying  diagram 
shows  its  construction.  The  two  annular  clutcn  magnets  are 
shown  at  B  and  D,  D  being  shown  in  part  section  to  indicate 
the  arrangement  of  the  exciting  coil,  and  between  them  is  the 
common  armature,  or  "keeper,"  A,  upon  which  either  may  act. 
The  magnets  consist  merely  of  18-in.  steel  discs  with  grooves 
milled  in  their  inner  faces,  which  grooves  are  each  filled  with 
a  coil  of  magnet  wire,  as  shown  at  R-R;  the  coils  are  held  in 
position  by  rings  of  lead,  D-D,  poured  in  while  molten  and 
calked  in  place,  the  heavy  insulation  of  each  coil  preventing 
injury  to  it.  The  terminals  of  each  coil  are  carried  out 
through  the  rear  of  the  disc  to  two  collector  rings,  L-L,  and 
N-N.  mounted  on  extended  hubs,  and  into  these  the  current 
for  either  coil  is  fed  by  the  carbon  brushes,  S-S  and  U-U. 
When  current  is  thrown  into  either  magnet,   it  draws  the 
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all  having  cut-gear  teetn.  The  gearing  and  shafts  are  all  de- 
signed to  safely  withstand  a  pressure  transmitted  which  will 
bring  a  pressure  of  18,000  lbs.  at  each  tool  post — this  is  probably 
about  as  heavy  a  pressure  as  our  best  tool  steels  of  today  will 
withstand  when  worked  according  to  modern  practice.  Such 
a  capacity  as  this  is  a  revelation  to  the  wheel-lathe  practice 
and  the  possioilities  which  are  open  to  it  for  rapid  production 
are  difficult  to  predict. 

The  main  drive  of  this  lathe  is  from  the  25  h.-p.  variable- 
speed,  direct-current  motor  shown  mounted  above  the  main 
headstoclv  of  tne  lathe.  This  motor,  which  has  a  range  of 
speed  from  600  to  840  rev.  per  min.  by  field  regulation,  drives 
through  trains  of  gears  and  a  magnetic  clutch  by  means 
of  which,  together  with  the  change  gears  wliich  are  provided 
for  the  gear  trains,  a  range  of  cutting  speeds  is  available, 
varying  from  lU  to  30  ft.  per  min.  on  any  diameter  of  tire 
within  the  capacity  of  the  machine,  and  also  a  special  ex- 
tremely slow  speed  of  from  4  to  6  ins.  per  min.  The  extremely 
slow  speed  is  desirable  for  use  when  cutting  through  the  hard 
spots  that  are  so  frequently  met  in  turning  steel  tires,  and  it 
was  for  this  purpose  that  the  magnetic  clutch  device  was  ap- 
plied. The  other  motor  at  the  rear  is  a  3  h.-p.  motor  for  use 
iu  adjusting  the  position  of  the  right-hand  headstock. 

The  magnetic  clutch  as  here  applied  is  of  particular  inter- 


armature,  A,  up  against  it  and  causes  the  armature,  by  the 
friction  due  to  the  pressure  of  the  contact,  to  revolve  with  it. 
The  armature,  A,  is  keyed  directly  to  the  hollow  shaft,  F, 
which  drives  the  main  shaft  and  through  gearing  the  two  face- 
plates of  the  lathe.  Clutch.  B.  is  keyed  directly  to  the  inner 
shaft  H,  which  is  driven  from  the  motor  for  the  higher  speeds, 
and  clutch,  D,  is  driven  through  a  special  spiral  gear  on  its 
hub  for  the  extreme  low  speed,  both  clutches  revolving  in  the 
same  direction.  Each  clutch  when  in  action  requires  only  l^.j 
ampere  of  current  at  a  voltage  of  110  volts,  and  has  a  capacity 
of  transmitting  18-brake  horse-power  at  142  rev.  per  min. 

Thus  when  clutch,  B,  is  thrown  into  action  the  face-plates 
are  driven  at  the  usual  cutting  speeds  of  from  10  to  30  ft.  per 
min.,  as  required,  but  when  B  is  thrown  out  and  clutch,  D, 
thrown  in,  the  slow  speed  of  4  to  6  ins.  per  min.  is  started  up. 
The  change  from  one  to  the  other  may  be  made  instantane- 
ousl.v  by  merely  throwing  a  switch  from  one  contact  to  an- 
other. A  great  advantage  of  the  application  of  this  magnetic 
clutch — one  which  has  largely  been  lost  sight  of — is  the  fact 
that  it  oilers  to  the  positive  motor  dnve  all  the  advantages 
of  belt  driving  that  have  been  lost  through  the  use  of  gear- 
ing; the  possibility  of  slipping  when  the  tool  is  badly  over- 
loaded, which  acts  as  a  protection  to  the  motor  and  wliich  so 
characterizes    belt    drives,    i.s    an    advantage    of    considerable 
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value  in  the  magnetic  clutcli.  The  magnetic  clutch,  as  well 
as  the  two  motors  used  upon  this  lathe,  were  furnished  by  the 
General  Electric  Co.,  Schenectady,  N.  Y. 

The  engraving  at  the  left  is  a  view  ot  a  very  heavy  90-in. 
driving-wheel  lathe,  which  the  Niles  Tool  Works  has  recently 
installed  at  the  Bloomington  shops  of  the  Chicago  &  Alton 
Railway,  and  of  which  type  and  size  they  have  lately  supplied 
two  machines  to  the  Chicago  &  Northwestern  for  their  West 
Chicago  shops.  The  view  above  on  this  page  shows  the  three 
84-in.  driving-wheel  lathes  that  have  been  installed  at  the 
new  Collinwood  shops  of  the  Lake  Shore  &  Michigan  South- 
ern Railway  by  the  Niles  Co.,  each  of  which  is  direct  driven 
by  a  12-speed  Crocker-Wheeler  motor  of  1.5  h.-p.  operating  on 
the  direct-current  muliiplevoltage  system. 

These  lathes  are  all  arranged  so  that  the  face-plates  may 
be  driven  together,  or  separately,  as  desired,  each  head  hav- 
ing a  clutch  for  disconnecting  its  driving  gear.  The  right- 
hand  heads  are  arranged  for  six  speeds,  while  the  left-hand 
heads  have  12  speeds,  six  of  which  are  rapid  for  boring  work. 
Each  face-plate  is  detachable  for  replacing  in  case  of  break- 
age. The  main  spindles  are  of  cast  iron,  each  having  internal 
sliding  spindles  capable  df  extending  sufficiently  to  support 
the  wheels  with  crank-pins  in  place. 

The  tool-rests  have  power  feeds  at  all  angles  and  in  t^o 
directions  when  once  set.  The  bed  is  made  high  in  front  to 
permit  of  short  tool  posts  of  great  strength  and  stiffness  for 
withstanding  the  stress  of  heavy  cutting,  while  the  rear  is 
made  low  to  facilitate  rolling  in  the  wheels.  The  right-hand 
heads  in  these  machines,  as  well  as  the  carriages,  are  trav- 
ersed by  hand  power.  These  machines  are  also  adapted  for 
the  use  of  quartering  attachments  on  either  face-plate,  tlif 
boring  spindles  for  which  are  held  by  faceplate  guides  close 
\il<  to  the  work. 
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CANADIAN    PACIFIC    PASSENGER    LOCOMOTIVES. 


4—6—0  Type. 


BUILT  BY   THE   CANADIAN   PACIFIC   RAILW.4Y. 


This  new  design  of  locomotive  for  tiie  Canadian  Pacific 
is  of  special  interest  because  it  represents  the  ideas  of  Mr. 
E.  A.  Williams,  superintendent  of  rolling  stock  of  this  road, 


BETTER  CAST  IRON  CAR  WHEELS. 


Speaking  of  improvements  in  car-wheel  iron,  Mr.  C.  V. 
Slocum,  in  a  paper  before  the  Pittsburgh  Railway  Club, 
said:  "Our  own  experiments  with  the  metal  demonstrate 
that  titanium  in  iron  gives  greater  density  to  the  metal,  sur- 
prisingly increases  transverse  strength  and  gives  a  harder 
chill  or  wearing  quality  in  the  wheel.  This  is  no  light  state- 
ment when  it  is  remembered  that  the  tread,  or  wearing  sur- 
face, of  a  car  wheel   is  already  harder  than  steel — in  fact  a 


r.\SSENGER    LOCOMOTIVE.       4 6 0     TYPE. CANADIAN    PACIFIC     RAILWAV. 


aiul  Mr.  A.  W.  Horsey,  chief  draftsman:  also  because  six  of 
them  are  to  be  built  by  Nelson,  Reid  &  Co.,  of  Glasgow,  Scot- 
land, in  addition  to  twelve  which  are  being  completed  at  the 
Delorimer  avenue  shops  of  the  road  in  Montreal.  The  first 
of  them  was  built  last  August,  and  at  present  six  are  running 
and  giving  excellent  results.  It  is  impossible  at  this  time  to 
present  more  than  the  diagram  showing  the  general  propor- 
tions of  the  engine. 

These  engines  have  piston  valves  with  inside  steam  ad- 
mission and  outside  exhaust,  with  steam  ports  made  as  direct 
as  possible.  Special  care  was  taken  in  designing  the  valve 
gear,  to  get  it  straight  and  direct,  with  little  opportunity  for 
springing  or  lost  motion  to  distort  or  restrict  the  steam  dis- 
tribution. The  piston  valves  are  in  line  with  the  centers  of 
the  frames  and  there  is  no  motion  bar.  A  rocker  is  used, 
journaled  on  a  pin  secured  to  the  frame,  the  valve  stem  being 
long  and  perfectly  straight.  Both  rocker  arms  are  inside 
tne  frames.  The  driving-spring  rigging  is  underhung  and  is 
made  central  with  the  driving  journals.  In  keeping  down  to 
a  maximum  of  46,000  lbs.  per  pair  of  wheels  it  was  necessary 
to  slope  the  back  boiler  head,  and  this  gives  a  roomy  cab. 
For  a  number  of  years  this  road  has  used  cabs  of  steel  with 
rounded  corners.  This  and  the  "turtle-back"  tenders  give 
the  engine  an  attractive  appearance.  Ten-inch  steel  channels 
were  used  in  the  construction  of  the  tender  frame,  and  it  is 
very  strong.  These  are  handsome  engines.  This  road  gives 
special  attention  to  attractive  outline  and  good  appearance  of 
its  locomotives.  We  hope  to  illustrate  the  valve  motion  in  a 
later  issue. 

CANADIAN   PACIFIC    RAILWAY. 

4 — 6 — 0   Type. 

Passenger   Locomotive. 

Weight  on  drivers    '^^Nn^   In!' 

Total    weight     164.500      bs. 

Cylinders    ^°  ^  ?q     °!' 

Driving  wheels,  diameter bJ    ins. 

Boiler  Radial  stayed  extended  wagon  top 

Boiler  pressure    ■y-yy-yy--:y-ssii^i:(^,;^i^/i-^^ 

Firebox  ■.'.'.' .' H*  ^  *2   ins. 

Heating   surface,   tubes    2.262    sq,    ft 

Heating  surace,  firebox   viS?     „    r,' 

Heating  surface,  total    A4^l  sq.  rt. 

Grate    area    . ^^^  ^|-    «. 

Driving  journals B  ^  10  iSs 

Engine  truck  journals   kk5  ^  10    ns' 

Tender  journals   .  . 5%  ^10  ins. 

Tender,  water  capacity 'in  f 

Tender,  coal  capacity    rAnnn   ih<.'' 

Tender,  weight  empty io^-pnn    K^ 

Tender,  weight  loaded 126,600  lbs. 


rough  section  of  chilled  car-wheel  iron  will  cut  glass.  The 
clearly  demonstrated  practicability  of  supplying  in  one  cast- 
ing a  wheel  with  a  hard  tread  for  wear  and  a  soft  hub  for 
machine  work,  with  strength  only  limited  by  the  price  which 
the  purchasing  agent  is  willing  to  pay  for  it,  makes  the 
chilled  cast-iron  wheel  stand  forth  as  its  own  probable  suc- 
cessor in  carrying  the  heavy  traffic  of  the  future." 


A  rail  250  ft.  long  has  been  rolled  at  the  Hoerde  Works,  Ger- 
many. It  was  exhibited  at  the  Dusseldorf  exhibition.  One 
of  the  Krupp  exhibits  was  a  hollow  bored  shaft  for  a  steamer 
forged  in  a  single  piece  in  a  length  of  148  ft.  The  core  was 
lying  beside  it.  The  ingot  from  which  this  shaft  was  made 
required  the  contents  o|^,768  crucibles  and  the  pouring  was 
performed  in  30  minutes  by  490  workmen.  Crucible  steel 
ingots  up  to  85  tons  are  cast  at  Essen  and  open-hearth  steel 
ingots  up  to  120  tons. 


It  has  been  reported  in  Chicago  that  there  is  another  project 
on  foot  for  the  development  and  utilization  of  the  power  made 
available  by  the  flow  of  water  from  the  Chicago  Drainage 
Canal,  which  empties  into  the  Des  Plaines  River  above  Joliet. 
A  dam  is  to  be  located  some  distance  below  Joliet,  the  neces- 
sary options  having  been  obtained  upon  the  land  lying  along 
the  river  which  would  be  overflowed. 


A  grill  room  chair  car  has  been  introduced  into  the  Chicago 
&  Alton  passenger  service  between  Chicago  and  Kansas  City. 
Anything  from  a  sandwich  to  a  champagne  supper  is  served 
from  a  small  8  by  10  ft.  kitchen  in  one  end  of  the  car,  the  grill 
room  being  fitted  up  after  the  style  of  small  American  dining 
rooms  with  tables  for  six  people. 


Remarkably  low  steam  consumption  for  Sulzer  engines 
(Winterthur,  Switzerland)  is  recorded  in  Engineering  Netvs. 
In  tests  conducted  by  Professors  Weber  and  Schroeter  the  con- 
sumption was  8.97  and  9.41  lbs  of  steam  per  horse  power  hour 
superheated  and  11.98  and  11.57  lbs.  saturated.  The  power  de- 
veloped was  about  3,000  horse  power. 

Interest  in  superheating,  as  applied  to  locomotives,  is  in- 
creasing in  Continental  Europe.  The  Jrrussian  State  Rail- 
ways have  placed  an  order  for  the  equipment  of  twelve  ex- 
press, the  same  number  of  passenger  and  freight  and  fifteen 
freight  locomotives  with  the  Schmidt  system  of  superheating. 
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REMARKABLE    LOCOMOTIVE  PERFORMANCE. 

Michigan  Central  Rvii.kdad. 


Throiigli  llic  courtesy  ot  Mr.  E.  D.  B''onner,  superintendent 
of  motive  power  of  tlie  Mieliigan  Celitral,  the  record  of  a 
recent  very  fast  run  with  a  heavy  train  on  that  road  has 
Ijeen  received.  The  engine  was  No.  483,  of  the  4 — 4 — 2  type 
built  by  tlie  Schenectady  WorlvS  of  the  American  I.,ocomotive 
(;omi)any  and  similar  to  those  of  the  same  type  on-  the  New 
York  Central.  The  train  of  Iti  passenger  equipment  cars 
weighed  G05.55  tons  and  was  hauled  1G8.22  miles  in  127  min- 
utes— at  the  rate  of  55.8  miles  per  hour.  There  were  eight 
slow-downs.  Considering  these  and  the  weight  of  the  train, 
this  record  is  believed  to  be  unsurpassed.  The  weight  of  the 
engine  with  a  halt  tank  of  water  and  coal  is  125. G2  tons, 
making  a  total  of  731.19  tons,  including  the  engine  and  tender. 
The  weight  605.57  tons  is  that  back  of  the  tender.     This  run 


ot  55.8  miles  per  hour.    This  would  cail  for  a  mean  effective 

pressure  of  about  88  lbs.  and  the  probable  horsepower  devel- 
oped would  be  about  1,900  h.p.  In  the  absence  of  Indicator 
cards  these  figures  are  estimated,  and  also  the  figures  of  142 
lbs.  of  coal  per  square  foot  of  grate  per  hour  with  which  this 
work  is  believed  to  have  been  done. 

This   photograph    is   of   another   engine   of   the   same   <laas 
a.>   No.   483,   the  chief  dimensions   being  as   follows: 

MIchiKan    Central   4 — 4 — 2  Type   Passenger   Locomollvo. 

Weight  In  working  order 176,000  lbs. 

WiIkIU  on   drivers : 95,00ii    lbs 

Weight  engine  and  lender  In  working  order 280,000  lbs. 

Wheel  base,  driving 7   ft. 

Wlietl  base,  total 27  ft.  3  Ins. 

Wheel  base,  total,  engine  and  tender 52  ft.  10 '/.•   Ins. 

Diameter  of  cylinders 21    Ins. 

Stroke  of  piston 2B   Ins. 

Kind  ot  slide  valves Piston 

Gi-eatest  travel  of  slide  valves 6  ins. 

Outside  lap  of  slide  valves 1    in. 

Inside  clearance  of  slide  valves %    In. 

Lead  of  valves  in  full  gear Line  and  line 

Diameter  of  driving  wheels  outside  of  tire 79  Ins. 


4—1—2   TYPE    PASSENGER   LOCOIWOTIVE. — MICHIGAN    CE.NTRAL   RAILROAD. 

BUILT   BY   THE   AMERICAN    LOCOMOTIVE   COMPANY,    SCHENECTADY    WORKS. 


demonstrates  the  value  of  this  able  boiler  with  3,521  sq.  ft. 

of  heating  surface,  and  of  the  large  grate.     The  record  of  the 

run  is  as  follows: 

RECORD   OP   THE  RUN. 

Miles  per 

Station.                     Time.  Mins.  Miles.  Hour. 

Bridgeburg A  8.13  A.  M. 

Bridgeburg D  8.19  A.  M. 

Victoria     8.21  2  0.81  24.30          Yard  limits 

Niagara    Junction.      8.24  3  1.27  25.40          Y'ard   limits 

Stevensville     8.30  6  5.06  50.60 

Brookfleld    8.35  5  5.44  65.28 

Wetland     8.40  5  4.71  56.52          Slow  down 

Perry     8.50  10  9.34  56.04          Slow  down 

Attercliff     8.59  9  8.22  54.80 

Canfleld     9.07  8  7.33  54.98          Slow  down 

Edward    9.12  5  4.82  57.84 

Hagersville     9.24  12  11.57  57.85          Slow  down 

Townsend    9.30  6  5.57  5R.70 

Villa  Nova    9.32  2  2.25  67.50 

Waterford     9.37  5  4.93  59.16          Slow  down 

Windham     9.44  7  6.57  56.31 

Pt.  Dover  June...      9.48  4  4.13  61.59          Slowdown 

Hawtrey     9.491^  1%  1.23  49.20 

Cornell    9.54y>  5  5.08  60.96 

Tilsonburg     10.00  SV-  5.44  59.35 

Brownsville     10.06  6  5.79  57.90 

Springfield     lO.lli/.  5%  5.47  50.67          Slowdown 

Aylmer    10.14  2Vj  2.46  59.04 

Kingsmill    10.17  3  2.74  54.80 

Yarmouth  Crossing  Slow  down 

St.    Thomas    A  10.26  9  7.99  53.27           Yard   limits 

127      118.22 

The  train  consisted  of  eight  New  York  Central  coaches,  one 
baggage  and  mail  car,  one  express  car,  five  Michigan  Central 
coaches  and  one  Pullman  sleeper.  The  cars  weighed  1.081,150 
lbs.  anil  the  contents  (estimated)  130,000  lbs.  Such  a  train 
would  require  a  tractive  effort  of  about  13.000  lbs.  at  a  speed 


Thickness  ot  tire 3  Ms    ms. 

Diameter  and  length  of  driving  journals 9  L'.',   ins.  diameter  x  12  ins. 

Diameter  and  length  of  main  crankpin  journals. 6 ly  ins.  diameter  x  7  ins. 
Diameter  and  length  of  side-rod  crankpin  journals 

7  ins.  diameter  x  4%  and  5x3%  ins. 

Engine  truck,  journals 6  ins.  diameter  x  12  ins. 

Diameter  of  engine  truck  wheels 36  ins. 

Boiler,  outside  diameter  of  first  ring 72^  ins. 

Boiler,   pressure    200   lbs. 

Firebox,  length 96  %    ins. 

Firebox,   width    75%    ins. 

Firebox,  depth Front,  80 '^  ins. ;    back,  69  ins. 

Tubes,   number    398 

Tubes,   diameter    2   ins. 

Tubes,   length  over  tube  sheets    16  ft. 

Fire   brick,    supported   on Water   tubes 

Heating  surface,  tubes *. 3,314.75  sq.  ft. 

Heating  surface,  water  tubes 27.09  sq.  ft. 

Heating  surface,  firebox 180  sq.  ft. 

Heating  surface,  total    3,521.84  sq.  ft. 

Grate  surface   50.3  sq.  ft. 

Exhaust  nozzles   5Vi — 5% — 5%   diameter 

Smokestack,  inside  diameter 14  ins. 

Smokestack,  top  above  rail 14  ft.  9  ins. 


Mr.  J.  W.  Duntley,  president  of  the  Chicago  Pneumatic  Tool 
Company,  has  returned  from  a  remarkably  successful  European 
trip.  One  of  his  purposes  was  to  establish  a  new  plant,  which  was 
accomplished.  It  will  be  located  at  Fraserburg.  in  Scotland,  will 
cost  $175,000.  and  will  be  equipped  with  American  machinery. 
This  is  the  third  European  factory  for  this  concern.  Mr.  Duntley 
brought  back  with  him  orders  for  2,-500  pneumatic  tools.  Without 
doubt  the  number  is  large  because  of  the  camijaign  of  education 
which  the  company  has  been  carrying  on  in  Europe  through  skilled 
.Vmerican  mechanics,  sent  over  to  demonstrate  the  value  of  these 
tools.  The  company  has  made  several  changes  among  its  repre- 
sentati%-es  in  the  United  States.  Mr.  George  .\.  P>arden  has  been 
transferred  from  Buffalo  to  Philadelphia.  Mr.  C.  R.  Green  has 
been  transferred  from  Cleveland  to  Buffalo,  and  Mr.  Charles  Par- 
sons looks  after  the  Northwest  section. 
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PHENOMENAL    MILLING     MACHINE    WORK. 


Among  some  machine  tools  recently  purchased  for  use   in 
railroad  shops,  we  notice  a  large  number  of  milling  machines 
made   by   the   Cincinnati   Milling   Machine   Company,    Cincin- 
nati,   Ohio.     Their   plain    miller,    having   a    table    of    16    ins. 
wide   with    42    ins.    travel,    has    several    points    of    particular 
advantage  for  railroad  shops.     One  of  the  strong  features  in 
its  design,  which  has  attracted  a  great  deal  of  attention  and 
won   the  approbation   of  master   mechanics   generally,   is   the 
method  of  driving  the  feed;    instead  of  driving 
the  feed  screws  by  a  belt  and  cone  pulleys  from 
the  spindle,  a  train  of  gears  is  used,  malting  an 
entirely  positive  drive,  so  that  the  relation  be- 
tween the  revolutions  of  the  cutter  and  the  feed 
of  the  work  to  the  cutter   is  always   positive. 
This  feed  mechanism  is  so  designed  as  to  be  the 
strongest  part  of  the  machine;  all  the  gears  are 
drop-forged  steel  with  cut  teeth,  and  hence,  as 
there  is  no  slippage  possible  between  the  main 
spindle  and  the  feed  screws,  the  operator  can 
depend  upon  the  work  being  fed  to  the  cutter 
as  long  as  the  machine  continues  in  operation. 

Another  feature  of  this  mechanism  is  that 
the  rate  of  feed  can  be  changed  in  an  instant 
at  any  time  no  matter  how  fast  the  spindle  is 
turning  or  how  heavy  a  cut  is  being  taken. 
The  position  of  the  feed-changing  lever  always 
shows  by  the  raised  figures  on  the  lever  quad- 
rant just  how  fast  the  machine  is  feeding;  this 
gives  the  foreman  an  exact  index  as  to  what 
the  operator  is  doing  at  all  times,  which  is  rec- 
ognized as  a  very  valuable  feature  by  up-to-date 
mechanics. 

This  machine  finds  its  chief  application  in 
railroad  shops  in  milling  driving  boxes,  con- 
necting-rod brasses  and  work  of  a  similar  char- 
acter. Pig.  1  shows  one  of  these  machines  in  op- 
eration on  some  work  whicli  will  give  an  idea  of 


around  with  a  feed  of  .075  in.  per  turn  of  cutter,  which  Is 
equivalent  to  a  table  travel  of  3  ins.  per  minute.  Then  the 
feed  is  reduced  by  means  of  the  quick  feed-changing  mechan- 
ism, described  above,  the  cutters  are  changed  and  a  finishing 
cut  is  taken,  removing  about  .010  in.  all  around  at  the  reduced 
feed  of  .036  in.,  or  nearly  lYz  ins.  table  travel  per  minute. 
On  this  job  two  cuts  are  taken  becauh'j  extreme  accuracy  is 
required,  the  finished  pieces  coming  within  a  limit  of  .001  in. 
This  company  also  makes. universal  milling  machines  which 
are    especially    designed    for    tool-room    work,    for   which    the 


FIG.    2.        A    NEW    BECORD    IN    MILLING    STEEL. 


FIG.    J  \N    KXAMPLR   (^F    RAPID    MILLING. 

how  this  class  of  work  is  handled.  In  this  case  the  material  is 
last  iron  and  the  recess  being  milled  is  6  ins.  wide  and  15-16  in. 
deep.  The  entire  width  of  the  gang  of  ciitters  is  7%  ins.  and 
the  largest  cutter  is  4i^  ins.  in  diameter,  with  a  6-in.  face. 
The  cutters  work  at  a  surface  speed  of  approximately  47  feet 
per   minute.     The   roughing  cut  takes  out  about  3-32   in.   all 


No.  3  size  has  been  most  popular.  This  machine  has  a  table 
12  ins.  wide,  with  30  ins.  travel,  and  weighs  approximately 
4.000  lbs.  It  has  the  same  feed  mechanism  as  that  described 
above  for  the  No.  4  plain  miller,  and  on  both  machines  there 
are  16  changes  in  the  rate  of  feed,  the  slowest  feed  being  .006 
in.  and  the  fastest  feed  being  .300  in.  per  revolution  of  cutter. 

Pig.  2  is  an  illustration  of  this  latter  machine  in  operation. 
The  blank  being  milled  is  made  of  unannealed  tool  steel,  5% 
ins.  diameter,  and  the  teeth  are  cut  at  a  14-deg.  angle.  The 
grooves  are  V2  in.  deep  and  about  %  in.  wide  at  the  top.  The 
stock  is  removed  at  a  table  feed  of  %  in.  per  minute,  the 
machine  working  quietly  without  any  chatter.  A  light  fin- 
ishing cut  is  then  taken  at  a  table  feed  of  1 5-64  ins.  per 
minute.  This  beats  all  records  even  over  the  larger  machines 
of  other  makes  and  several  of  the  best-known  cutter  makers 
in  the  world  have  adopted  this  machine  as  their  standard. 
The  machine  shown  in  Fig.  2  is  the  regular  universal  ma- 
chine with  the  exception  of  the  spiral  head.  In  this  case  a 
head  made  especially  for  spiral  work  is  substituted  for  the 
universal  indexing  and  dividing  head  regularly  supplied  with 
the  machine.  The  Cincinnati  milling  machine  has  been  in- 
stalled in  the  shops  of  a  large  number  of  prominent  railroads 
in  the  United  States. 

The  Cincinnati  Milling  Machine  Company  have  pamphlets 
illustrating  characteristic  milling  operations  and  giving  com- 
plete data  of  same,  which  they  are  always  pleased  to  send  to 
parties  interested.  The  intei-esting  feeding  mecnanism  of  these 
machines  will  be  taken  up  in  detail  in  a  later  issue  of  this 
journal. 
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AMERICAN   SOCIETY    OF  MECHANICAL  ENGINEERS. 


THE  MARTIN  FLEXIBLE  METALLIC  CONDUIT. 


The  annual  meeting  of  this  society  was  held  in  New  York 
DR(eml)ei-  2  to  5,  the  presiding  officer  being  Vice-I'resident 
Arthur  M.  Waitt,  who  i)resided  ably  in  the  absence  o£  the 
Drcsident.  The  first  and  last  sessions  were  held  in  tlie  rooms 
or  the  society  and  the  others  in  the  banquet  hall  of  the 
Sturtevant  House,  near  at  hand.  In  accordance  with  a  rec- 
ommendation from  the  council  the  following  committees  were 
ai/pointcd:  To  co-operate  with  the  American"  Institute  of 
Architects  in  tests  of  large  I-beams,  Messrs.  H.  de  B.  Parsons 
and  Professor  Palmer  C.  Ricketts.  As  a  committee  on  the 
.standardization  of  screw  threads,  Messrs.  Wilfred  Lewis, 
(;.  H.  Stetson,  G.  M.  Bond,  C.  C.  Tyler  and  John  Riddell.  To 
represent  the  society  on  the  committee  to  fix  the  next  award 
ot'  the  John  Fritz  medal,  Prof.  G.  Lanza,  Prof.  J.  E.  Sweet, 
S  T.  Wellman  and  R.  W.  Hunt.  Ninety-three  names  were 
added  to  the  list  of  membership. 

The  subject  to  which  most  time  was  given  was  the'  metric 
system,  which  was  vigorously  attacked  in  a  paper  by  F.  A. 
Halsey,  who  proved  conclusively  that  experience  with  the 
metric  system  in  other  countries  justified  the  conclusion  that 
if  adopted  by  a  compulsory  law  in  the  United  States  for  the 
business  of  all  departments  of  the  government,  the  result 
would  be  an  addition  to  the  confusion  already  existing.  He 
showed  that  the  metric  countries  have,  in  a  large  degree, 
maintained  their  former  systems  and  the  ideal  conditions  ex- 
pected from  the  metric  system  have  not  been  attained  abroad. 
An  altogether  undue  amount  of  time  was  given  to  this  sub- 
ject, the  discussion  being  decidedly  unfavorable  to  the  sys- 
tem and  resulting  in  a  resolution  to  the  effect  that  the  society 
has  never,  officially,  withdrawn  its  opposition  to  it. 

Among  the  other  papers  was  one  by  Mr.  Wm.  Kent,  entitled 
"Heat  Resistance  the  Reciprocal  of  Heat  Conductivity."  Mr. 
Kent  advocated  the  use  of  reciprocals  of  the  usual  values  of 
heat  conductivity  so  that  the  conductivity  of  a  combination  of 
substances  may  be  obtained  in  the  same  manner  as  is  the  case 
in  electrical  work.  Mr.  Chas.  T.  Porter  presented  a  paper 
constituting  an  argument  for  finer  screw  threads.  Mr.  C.  C. 
Tyler  described  the  use  of  a  surveying  instrument  in  the  floor 
plate  work  of  the  machine  shop  of  the  General  Electric  Com- 
pany at  Schenectady.  Mr.  Frank  Richards  discussed  "Gift 
Propositions  for  Paying  Workmen,"  in  a  paper  which  was,  by 
far,  the  most  important  of  the  meeting.  This  paper  is  dis- 
cussed, editorially,  in  this  issue.  The  discussion  developed  the 
fact  that  the  author  of  the  paper  was  in  the  minority.  Most 
of  the  speakers  took  the  ground  that  it  was  not  necessary  to 
give  all  the  advantage  of  increased  output  to  the  men  and 
that  the  management  should  have  a  direct  profit  in  order 
to  accomplish  reduced  cost  per  piece  for  the  work  turned  out. 
While  Mr.  Richards'  view  was  not  a  popular  one,  it  behooves 
men  in  charge  of  industrial  establishments  of  all  kinds  to 
consider  his  criticisms  most  carefully.  It  is  hoped  that  our 
readers  will  secure  copies  of  his  paper  from  Professor  F.  R. 
Hutton,  secretary  of  the  society,  12  West  31st  street,  New  York. 
Of  the  remaining  papers  the  most  important  was  by  Professor 
A.  Kingsbury,  describing  a  new  oil  testing  machine  and  its  re- 
sults, which  were  remarkable  in  uniformity. 

In  this  entire  meeting  there  was  no  direct  reference  to  rail- 
road subjects  and  the  proceedings  can  hardly  he  said  to  have 
reflected  the  progress  which  has  heen  made  in  a  number  of 
other  lines  of  engineering.  There  is  an  undercurrent  of  criti- 
v\sm  on  this  account.  The  election  of  officers  resulted  as  fol- 
lows: 

President.  James  M.  Dodge.  Philadelphia;  vice-presidents, 
F  H.  Daniels,  Worcester.  Mass.;  James  Christie,  Philadelphia, 
and  J.  R.  Freeman,  Providence,  R.  I.;  managers,  R.  C.  Mc- 
Kinney.  New  York;  S.  S.  Webber,  Trenton,  N,  J.,  and  Newell 
Sanders,  Chattanooga,  Tenn. 


For  steam,  oil.  water  and  air  connections  between  locomo- 
tives and  tenders  a  more  permanent  material  than  rubber 
hose  has  been  sought.  The  Holland  Company  have  intro- 
duced a  new  form  of  metallic  conduit  with  flexible  joints' 
which  seems  to  meet  the  necessities  of  such  service  admira- 
bly. Such  connections  must  not  only  be  durable  and  flexible, 
but  they  must  be  steam-tight,  and  for  oil,  which  is  not  usually 
under  high  pressure,  the  test  of  tightness  is  a  severe  one 
for  a  flexible  joint.  After  more  than  three  years  of  experi- 
mental work  Mr.  J.  C.  Martin,  Jr.,  has  developed  the  conduit 
which  is  illustrated  by  this  engraving,  and  the  writer  of  this 
description  has  watched  tests  of  the  joints  under  high  steam 
pressure   where  there  was  certainly  no   leakage. 

As  shown  in  the  sectional  view,  the  tightness  of  the  joint 
does  not  depend  upon  a  fit  of  metal  to  metal,  as  the  metallic 
surfaces  do  not  come  into  contact.  For  this  reason  the  metal 
surfaces  will  not  wear  out.  Around  the  ball  are  placed  two 
gaskets  of  hard  material  specially  manufactured  for  this 
purpose.  They  are  molded  to  fit  the  ball  and  are  interchange- 
able. One  of  these  gaskets  receives  the  wear  of  the  joint 
while  the  other  makes  it  tight.  A  sleeve  nut  holds  the  joint 
together  and  the  gaskets  may  be  easily  renewed  when  neces- 
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sary  without  disturbing  the  threaded  pipe  connections.  The 
material  of  the  gaskets  furnishes  its  own  lubrication  and  in 
ordinary  service  they  are  expected  to  give  a  service  of  one 
year.  The  engraving  also  shows  the  complete  conduit  with 
three  joints.  The  center  joint  has  a  straight  passage  with 
more  than  the  full  opening  of  the  pipe,  while  the  others 
must  necessarily  cause  a  quarter  turn  in  the  passage.  An 
important  feature  of  the  device  is  the  fitting  containing  the 
angle  bend.  It  is  of  malleable  iron  and  is  fastened  by  a  bolt 
to  a  malleable  iron  supporting  casting  secured  to  the  engine 
and  tender  frames.  These  fittings  provide  a  flexible  attach- 
ment without  in  any  way  placing  a  strain  on  the  piping. 
Moreover,  this  form  of  attachment  provides  for  a  consider- 
able difference  in  elevation  of  the  ends  of  the  conduit  by 
merely  changing  the  angles,  as  indicated  in  the  engraving. 
In  all  the  joint  fittings  the  passages  are  larger  than  the 
area  of  the  pipe.  All  of  the  parts,  including  the  pipe,  are  fur- 
nished complete,  ready  for  attachment.  Bronze  is  used  for 
the  joints  and  malleable  iron  for  the  attachments.  The  joints 
are  fitted  with  automatic  drip  valves,  as  indicated.  It  will  be 
noticed  by  examining  the  sectional  view  that  this  joint  does 
not  depend  upon  the  pressure  of  the  fluid  for  its  tightness. 

The  conduits  have  been  put  into  service  on  a  number  of 
leading  railroads  and  satisfactory  results  are  reported.  The 
chief  offices  of  the  Holland  Company  are  at  77  Jackson  Bouie- 
vard.  Chicago.  Other  offices  have  been  established  in  New 
York  and   in   ban   Francisco. 
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VERTICAL  HOLLOW-CHISEL  MORTISER. 


S.  A.  Woods  Machine  Company. 

These  engravings  present  a  new  vertical,  automatic,  hollow- 
chisel  mortiser  which  has  received  the  best  thought  and  is 
the  result  of  the  wide  experience  of  this  well-known  concern. 
It  is  built  for  fast  and  economical  work  and  an  inspection  of 
the  engravings  gives  the  impression  of  the  same  sort  of  care 
in  designing  the  machine  as  is  given  to  the  highest  grade  ma- 
chine tools  which  are  absolutely  indispensable  to  railroad 
officers  who  are  engaged  in  efforts  to  conduct  their  work  upon 
business  principles.  Nowadays  the  convenience  of  the  oper- 
ator must  be  considered  or  the  operation  of  a  machine  cannot 
be  economical.  In  this  case  all  of  the  operating  and  con- 
trolling devices  are  placed  within  easy  reach  and  they  do  not 
require  even  a  step  in  the  manipulation.  This  is  exceedingly 
important.     A  machine  must  be  convenient  to  the  operator. 

Among  the  special  features  of  the  construction  the  follow- 
ing attract  our  attention:  The  lay-out  stops  for  laying  out 
mortises  should  contribute  to  quick  and  accurate  work.  For 
taking  up  the  end  thrust  of  the  spindle  and  supporting  It,  an 
improved  step  bearing,  running  in  a  bath  of  oil,  is  provided. 
The  machine  has  a  new  device  for  instantly  changing  the 
depth  of  the  mortise.  The  spindle  belt  is  kept  tight  by  an 
automatic  belt-tightener,  which  is  seen  in  the  rear  view. 
When  the  chisel  is  located  in  position  it  is  locked  by  a  novel 
clamping  device  and  the  chisel  carriage  has  a  transverse  move- 
ment with  ad.iustable  stops  for  regulating  its  travel.     In  this 


VKRTTCAT,    HOM.OW-rHTSET.    MORTISER. 

respect  the  machine  presents  a  new  feature  for  a  medium-size 
machine  and  one  which  is  sure  to  be  appreciated.  The  table 
has  both  vertical  and  longitudinal  movements,  the  chisel  ram 
being  also  vertically  adjustable.  The  timber  clamp  is  very 
strong  and  is  adjustable  as  well  as  detachable  from  the  table. 
Improved  friction  feed  with  two  speeds  is  provided,  with 
quick  return.  To  prevent  air-cushioning  of  the  belts  a  pat- 
ented pneumatic  spindle  is  employed. 


SHOWING   DEVICE   FOE  CHANGING  DEPTH   OF  MORTISE. 
FOR    TRANSVERSE    MOVEMENT. 


ALSO,   LAYOUT   STOPS 


KE.\R    \-IKW. 

The  chisel  ram  has  a  vertical  travel  of  9V2  ins.,  the  chisel 
carriage  moves  horizontally  18  ins.  and  will  drop  to  mortise 
stock  17  ins.  high  with  a  G',2-in.  chisel.  Timber  up  to  12  ins. 
may  be  clamped  and  chisels  up  to  1V-:  ins.  can  be  used  on 
hard  wood.  'I'he  floor  space  occupied  Is  4  ft.  x  5  ft.  8  ins.  The 
manufacturers  present  the  machine  with  confidence.  They 
say:  "This  is  a  machine  we  are  extremely  proud  of  and  we 
cannot  say  too  much  in  its  favor."  This  of  itself  is  a  strong 
recommendation.  Further  information  may  be  obtained  from 
the  S.  A.  Woods  Machine  Company,  South  Boston,  Mass. 
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THE  DE  LAVAL  STEAM  TURBINE  COMPANY'S  NEW 
FACTORY. 


An  interesting  and  enjoyable  feature  ot  the  New  York 
meeting  of  the  American  Society  of  Mechanical  Engineers 
last  month  was  a  trip  to  the  factory  of  the  l)e  Laval  Steam 
Turbine  Company  at  Trenton,  N.  J.,  which  was  tendered  to 
the  members  by  the  D'Olller  Engineering  Company,  of  74 
Cortlandt  street,  New  York,  the  contracting  engineers  for 
the  installations  of  the  De  Laval  turbines.  Access  was  given 
to  the  machine  shop  and  the  testing  room  of  the  factory, 
where  the  turbines  were  to  be  seen  in  all  stages  of  assembling 
and  testing,  and  in  all  sizes  from  the  smallest  up  to  3l»0-h.  p. 
units. 

The  compactness  of  the  De  Laval  turbine,  due  to  it.s  char- 
acteristic high  speed,  was  made  particularly  evident;  a 
blade-disc  for  a  50-h.  p.  turbine  was  shown  which  is  only 
9  ins.  in  diameter  and  runs  at  a  speed  of  20,000  revolutions 
per  minute,  giving  thus  a  circumferential  velocity  of  about 
nine  miles  per  minute.  The  lilade  disc  for  their  largest 
unit,  the  300-h.  p.  turbine,  is  only  30  ins.  in  diameter  and 
runs  at  a  speed  of  10,000  revolutions  pei-  minute,  giving  a  cir- 
cumferential velocity  of  over  15  miles  per  minute.  This 
high  speed  is  not  utilized  directly,  but  the  power  is  delivered 
through  a  10  to  1  reducing  gearing  consisting  of  two  pairs 
of  carefully  cut  spiral  gears,  each  pair  of  which  has  oppo- 
sitely inclined  spirals,  so  as  to  produce  the  herring-bone 
gear  effect  and  neutralize  thrust.  The  result  of  this  combi- 
nation is  very  smooth  and  quiet  running. 

One  remarkable  property  of  these  turbines  is  their  econ- 
omy; they  have  proved  so  economical  that  the  makers  can 
very  easily  guarantee  a  steam  consumption  of  only  ISVi  lbs. 
of  steam  per  brake  horse-power-hour.  They  also  have  proved 
almost  as  economical  at  partial  loads  as  at  full  load.  A 
remarkable  performance  is  accomplished  by  the  300-h. p.  tur- 
bine-generator set  which  has  supplied  the  factory  since  its 
opening — it  is  now  running  24  hours  per  day,  on  account  of 
the  night  shift,  steadily  without  shutdown  throughout  the 
week.  It  would  be  a  rare  service  for  a  reciprocating  engine 
to  run  130  hours  per  week  between  shutdowns  without  giv- 
ing trouble. 


MECHANICAL  STOKERS  IN  ROLLING  MILLS. 


Perhaps  the  severest  character  of  load  encountered  in 
modern  steam-supply  service  is  that  encountered  in  the  opera- 
tion of  steel  rolling  and  slabbing  mills.  The  fluctuations  in  the 
demand  for  steam  are  not  merely  of  the  nature  incident  to  a 
street-railway  load,  which  is  usually  considered  of  maximum 
severity,  but  they  frequently  involve  the  capacity  of  the  entire 
plant.  In  one  American  steel  plant  there  have  recently  been 
put  into  operation  slabbing  mills  consuming  as  much  as  2,000 
horse-power  during  the  working  of  a  large  steel  "bloom." 
This  load  is  approximately  uniform  until  the  "bloom"  leaves 
the  rolls,  when  it  instantly  decreases  to  that  of  mechanical 
friction  only.  It  is  apparent  that  in  order  to  effectually  accom- 
modate these  excessive  variations  in  steam  supply  either  a 
considerable  storage  capacity  must  be  provided  in  the  boiler 
equipment,  permitting  uniform  firing,  or  quick  steamers  must 
be  employed,  fired  by  some  form  of  mechanical  stoker.  At 
the  present  time  the  latter  arrangement  is  rapidly  coming  into 
use,  with  the  result  that  fluctuating  loads  are  readily  antici- 
pated and  cared  for  by  control  of  fuel  combustion.  This  con- 
trol may  be  rendered  automatic  when  mechanical  draft  is 
employed  in  connection  with  the  boiler  and  stoker  equipment. 
A  prominent  example  of  this  arrangement  is  offered  in  the 
plant  of  the  Lukens  Iron  and  Steel  company,  which  com- 
prises 5,700  horse-power  capacity  of  Babcock  &  Wilcox  water- 
tube  boilers  equipped  with  Roney  improved  duplex  stokers 
and  a  complete  mechanical  drait  outfit.  In  this  plant  the 
speed  of  the  fans  and  the  position  of  the  flue-dampers  are  auto- 


matically controlled  by  the  pressure  of  steam  In  the  supply- 
main,  thus  proportioning  the  rate  of  combustion  to  steam  de- 
mand. In  Ihe  operation  of  this  plant  it  has  been  found  un- 
necessary to  continue  the  .signal  syslein  foimerly  in  use  be- 
tween fire-room  and  slalibing  mill,  and  the  heaviest  demands 
for  steam  are  readily  provided  for  by  the  automatic  arrange- 
ment for  control  of  draft  in  connection  with  the  mechanical 
stokers. 


A  new  device  for  the  delivery  of  train  orders  to  engineers 
and  conductors  of  trains  in  motion  has  been  patented  by  Mr. 
Amos  McKanna,  of  Emporia,  Kan.  It  consists  of  a  clip  hold- 
ing the  train  order,  which  is  suspended  on  a  large  wire  ring. 
The  ring  is  held  in  clips  from  the  end  of  a  rod,  which  is  held 
in  the  hand  of  the  operator,  and  the  ring  with  the  train  order 
is  easily  caught  by  the  arm  of  the  men  on  the  engine  and 
caboose.  For  use  at  night  a  torch  on  the  end  of  the  arm  may 
be  lighted  in  order  to  attract  attention  and  permit  of  sure 
operation  of  the  device. 


BRAZING    CASTIRON. 


.Vt  a  meeting  of  the  Fuundryinen'K  .V.ssocialioii  of  l'liiladpl|ilil:i. 
Di'Ci'mbcv  r!,  Mr.  JI  Armor  Wiinl.  ijrcsident  of  the  .\iiiiriciiii  Itraz- 
ing  Company  of  l.'iO  South  Fmntli  street.  I'liiladrlpliin.  explained 
in  detail  a  new  process. 

In  the  course  of  his  remarks  Mr.  Ward  slated  llial  the  di.-;eovery 
of  the  proce.ss  of  brazing  cast  iron  had  ch.nnged  llie  methods  in 
European  foundrie.s  with  reference  to  complicated  la.stings.  espe- 
cially in  the  case  of  large  castings  where  a  flaw  or  imiierfection  of 
any  kind  involved  the  relegation  of  the  piece  to  the  scrap  pile. 

The  patterns  were  now  cut  into  two  or  more  parts,  so  that  ea<'Ii 
was  a  simple  )iiece  to  mold,  and  the  several  parts  that  went  to  make 
up  the  whole  were  brazed  together,  and  the  cost  of  production  had 
been  materially  reduced,  in  that  the  cost  of  brazing  was  very  much 
less  than  the  cost  of  molding  one  large  casting,  as  against  two  or 
more  smaller  pieces. 

Mr.  Ward  explained  that  flaws  in  castings  were  eliminated  by 
drilling  them  out  if  they  were  small,  and  brazing  in  a  plug  made  to 
tit  the  hole.  If  they  were  large,  and  in  the  nature  of  a  crack,  if  the 
crack  was  wide,  a  piece  of  any  kind  of  iron  was  lilted  into  the 
space,  and  brazed  into  place.  If  narrow,  the  crack  wa.?  cleaned 
out  thoroughly  and  brazed  up.  If  it  could  not  be  cleaned  in  this 
way,  the  fracture  was  extended  by  hammering,  until  the  entire 
break  could  be  reached  to  clean,  even  if  this  involved  breaking  the 
piece  entirely  in  two.  The  cost  of  the  "ferrofix"  involved  was 
about  half  a  cent  per  square  inch  of  surface  brazed. 

In  tests  made  for  the  Government  in  Berlin,  at  the  Stevens  In- 
stitute in  Iloboken.  at  the  University  of  California,  and  by  the 
Pennsylvania  Railroad,  it  had  been  demonstrated  that  the  bnized 
joint  was  not  only  stronger  than  any  portion  of  the  casting  of 
equal  section,  hut  that  the  strength  of  the  iron  adjacent  to  the 
joint  was  increased  perceptibly. 

With  the  practice  in  Europe  in  mind.  Mr.  Ward  a.sserted  his  be- 
lief that  the  introduction  of  this  brazing  process  must  affect  shop 
practices  as  radically  as  was  the  case  there.  As  the  result  of  his 
investigations  in  Germany.  France  and  Belgium.  Mr.  Ward  stated 
in  his  judgment  at  least  7.5  per  cent,  of  the  flaws  that  ordinarily 
destroy  the  value  of  a  casting  could  be  eliminated,  and  the  piece 
made  sound  and  serviceable  at  a  small  fraction  of  the  cost  of  re- 
molding. Several  small  pieces  were  exhibited,  but  as  there  were  no 
means  of  testing  the  strength  of  the  joint,  it  could  not  be  deter- 
mined just  how  satisfactory  the  joints  were  for  strength,  although 
to  all  appearances  the  pieces  were  as  sound  and  strong  as  if  they 
had  been  molded  perfectly. 

The  chief  peculiarity  of  this  process  of  brazing  is  that  it  is  al- 
ways perfect  when  the  work  is  properly  done.  Its  simplicity  and 
cheapness  were  remarkable  in  view  of  the  fact  that  in  brazing 
steel  or  brass  an  expert  in  that  art  is  usually  required,  in  order 
to  insure  having  a  good  job,  but  in  "ferrofixing"  by  the  American 
Brazing  Company's  process  no  expert  skill  was  required.  The 
alignment  of  the  piece  was  unchanged,  the  surfaces,  whether  ma- 
chined or  not.  were  not  disturbed  in  any  way.  and  after  the  com- 
pletion of  the  brazing  operation  all  that  was  nece.-sary  was  to 
clean  off  the  surplus  brass,  and  the  i)iece  would  be  found  as  sound 
and  true  as  a  perfect  casting. 
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BOOKS  AND  PAMPHLETS. 


Transactions  of  the  American  Society  of  Mechanical  Engineers. 
Vol.  23.  Annual  Report  for  the  44th  and  45th  Meetings.  878 
pages,  illustrated.  Published  b.v  the  Society,  from  the  Library 
Building,  No.  12  West  31st  St.,  New  York  City. 

This  volume  contains  the  reports  presented  at  the  New  York 
meeting  of  the  Society  for  1901  and  at  the  Boston  meeting  for  1902. 
An  interesting  list  of  subjects  is  presented,  the  most  important 
among  which  are  the  reports  of  the  committees  on  standardiza- 
tions and  upon  the  Bursting  of  Flywheels,  by  Mr.  Benjamin;  but 
it  is  to  be  noted  that  reports  and  investigations  upon  railroad  sub- 
jects are  conspicuous  for  their  entire  absence. 


Index  of  Proceedings  of  the  Master  Car  Builders'  Association. 
From  Volume  I.  to  Volume  XXXIV.,  Inclusive.  Compiled  by 
George  L.  Fowler,  J.  W.  Taylor,  Secretary,  667  Rookery  Build- 
ing, Chicago,  111.      Price,  by  mail,  $1.10. 

This  volume  of  244  pages  presents  a  complete  and  satisfactory 
index  of  the  valuable  work  of  this  association,  rendering  its  re- 
ports, papers  and  discussions  available  in  a  way  which  was  im- 
possible before  because  of  the  difficulty  of  finding  desired  informa- 
tion. The  association  is  to  be  congratulated  upon  this  index  itself 
and  upon  the  admirable  manner  in  which  it  was  prepared.  The 
work  was  done  by  Mr.  George  L.  Fowler  under  a  committee  of 
the  following  members :  Messrs.  D.  F.  Crawford,  F.  M.  Whytc 
and  W.  A.  Nettleton. 


Metallurgical  Notes.  By  Prof.  Henry  M.  Howe,  Columbia  Univer- 
sity. Published  by  the  Boston  Testing  Laboratories,  446  Tre- 
mont  Street.  Boston,  Mass.      Price,  $2.50. 

This  book  marks  a  distinct  step  forward  in  the  progress  of  in- 
struction in  metallurgy,  and  gives  a  carefully  planned  series  of  ex- 
periments which  cover  many  of  the  fundamental  principles.  The 
experiments  are  so  arranged  as  to  compel  the  greatest  amount  of 
thinking  and  of  careful  and  exact  ob.servation,  and  to  reduce  to  a 
minimum  the  play  or  mechanical  side  of  laBoratory  practice.  Much 
general  instruction  is  also  given,  and  the  reasons  lOr  each  step  are 
stated  clearly  and  concisel.v.  References  are  given  copiously,  and  n 
good  indeff  makes  the  book  useful  for  reference.  We  heartily 
commend  it  to  every  student  of  metallurgy. 


American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion. Proceedings  of  the  Third  Annual  Convention,  1902. 
This  volume  contains  the  rules  and  record  of  business,  lists  of 
subjects  and  committees,  in  addition  to  the  proceedings  of  the  con- 
vention of  last  spring.  Among  the  papers  are  several  of  special 
value,  as  follows :  "Improvement  of  Grades  and  Alignment" ; 
"Ties,  Timber  Supply,  and  Preservation  of  Wood"  ;  "Rail  Sections, 
Yards  and  Terminals,  and  Coaling  Stations."  There  are  also 
other  important  papers,  but  these  are  mentioned  as  being  specially 
worthy  of  preservation.  Thoroughness  and  business-like  pro- 
cedure characterize  the  work  of  this  organization,  and  its  proceed- 
ings constitute  the  best  available  record  of  present  practice  in 
maintenance  of  way.  Presumably  copies  of  the  pamphlet  may  be 
obtained  from  the  secretary,  Mr.  L.  C.  Fritch,  Room  1562.  Monad- 
nock  Block,  Chicago,  111. 


Smithsonian  Institution.  Annual  Report  of  the  Board  of  Regents 
Showing  Operation  of  Institution  and  its  Present  Condition. 
782-pages,  8vo,  profusely  illustrated,  with  insert  plates.  Pub- 
lished by  the  Government  Printing  Office,  Washington,  D.  C. 
For  sale  at  cost. 

This  popular  volume  for  1901  contains  fifty  articles  nearly  all 
prepared  by  masters  of  tue  respective  subjects,  telling  in  clear  and 
interesting  language  of  the  latest  progress  in  all  the  principal 
branches  of  knowledge.  "Bodies  Smaller  than  Atoms,"  "The 
Greatest  Flying  Creature,"  and  "The  Fire  Walk  Ceremony  of 
Tahiti,"  give  evidence  of  the  wide  range  of  subjects  included  in 
the  report.  Wireless  telegraphy,  transatlantic  telephoning,  and 
the  telephonograph  are  discussed  by  experts  in  electrical  progress. 
Attention  ought  also  to  be  called  to  papers  on  utilization  of  the 
sun's  energy,  the  Bogosloff  volcanoes  of  Alaska,  forest  destruction, 
irrigation,  and  the  submarine  boat. 


Graphic  Method  of  Solving  Certain  Questions  in  Arithmetic  or 
Algebra.  By  George  L.  Vose,  Professor  of  Civil  Engineering 
in  Bowdoin  College.  Van  Nostrand  Science  Series.  Second 
edition.      62  pages,  with  numerous  diagrams.      Price,  50  cents. 

This  is  a  second  edition  of  the  reprint  of  the  valuable  article 
which  appeared  in  Van  Nostrand's  Engineering  Magazine  for  June, 
1875.    The  method  described  is  the  one  that  originated  in  and  was 


suggested  by  simple  mechanical  movements,  but  was  shown  to  be 
applicable  to  very  intricate  and  complicated  movements,  and  has 
been  used  to  a  very  large  extent  for  a  great  many  years  by  rail- 
road companies  for  the  adjustment  of  the  running  times  of  trains. 
The  method  set  forth  is  too  well  known  to  need  comment,  being 
still  in  use  on  a  large  number  of  the  prominent  roads  of  this 
country.  This  second  edition  of  the  work  will  bring  it  again  into 
print,  so  that  it  will  be  available  for  those  not  familiar  with  it. 


Mechanics  Problems.  For  Engineering  Students.  By  Frank  B. 
Sanborn,  Professor  of  Civil  Engineering  in  Tufts  College.  8vo, 
155  pages,  illustrated.  Published  by  the  Engineering  News 
Publishing  Company,  New  York,  1902.      Price,  $1.50. 

This  volume  presents  a  ver.y  complete  list  of  500  problems,  with 
answers,  relating  to  applied  mechanics.  They  are  similar  to  prob- 
lems presented  in  many  text-books,  but  many  of  these  have  been 
developed  from  the  conditions  of  actual  practice,  and  thus  are 
intended  to  fulfill  all  requirements  for  thorough  and  interesting 
instruction  in  the  applications.  This  volume  is  not  intended  to 
take  the  place  of  text-books  or  lecture  notes,  but  rather  to  be  used 
in  conjunction  with  them,  in  order  to  correlate  more  closely  the 
every-day  practical  examples  with  the  important  laws  of  mechanics. 
The  problems  have  been  arranged  by  subjects  in  the  following 
order.  Work,  Force  and  Motion,  which  order  is  considered  the  best. 
A  very  complete  and  well-arranged  index  to  the  problems  is  ap- 
pended. 


Manual  for  Steam  Engineers  and  for  Owners  of  Steam  Apparatus 
(Manuel  du  C'hauffeur-Mecanicien  et  du  Proprietaire  d'.ippareils 
a  Vapeur).  By  Henri  Mathieu.  Gontroleur  Principal  des 
Mines,  Inspccleur  dcs  Appnrcils  a  Vapeur  de  la  Seine,  etc.  Sec- 
ond edition,  entirely  revised  and  cotusiderably  enlarged.  892  8vo 
pages.  Printed  in  French.  Profusely  Illustrated.  Published 
by  Ch.  Beranger,  15  Rue  des   Saints-Peres,  Paris,  France. 

This  is  a  very  complete  treatise  on  the  subjects  of  steam,  steam 
generation  and  steam  engines,  with  particular  reference  to  modern 
French  practice.  No  pretentions  are  made  toward  a  scientific 
treatment,  the  work  being  addressed  more  to  practical  men  and 
toward  a  practical,  though  very  complete,  treatise  on  apparatus. 
The  work  Is  divided  Into  three  parts — Boilers  and  Receivers : 
Engines,  Valves,  etc.,  and  Laws  and  Legislation  governing  the  u6e 
of  steam.  Only  a  few  pages  are  devoted  to  the  locomotive,  the 
work  being  essentially  devoted  to  stationary  practice,  but  as  an 
exposition  of  the  details  of  engines  and  steam  machinery  It  is  not 
to  be  excelled. 


Machine  Shop  Arithmetic.  A  Pocket  Book  of  Practical  Problems. 
By  Fred  H.  Colvin  and  Walter  L.  Cheney.  Third  edition,  1902. 
131  pages,  with  diagraifc  and  tables.  Published  by  the  Derry- 
Collard  Company,  256  Broadway,   New  York.      Price,  50c.. 

'iuis  valuable  little  work  has  been  revised  and  enlarged  to  bring 
it  up  to  modern  practice  in  every^  particular.  It  contains  chapters 
on  the  foundation  principles  of  arithmetic,  on  square  root,  cube 
root,  and  principles  of  screw-cutting  in  lathes,  in  which,  instead  of 
giving  just  rules  and  examples.  It  is  endeavored  to  show  why  each 
step  is  taken,  so  as  to  assist  the  reader  In  reasoning  out  problems 
instead  of  following  rules  implicitly.  Explanations  in  clear  lan- 
;.'uage  of  the  principles  on  which  the  methods  of  solution  are 
founded  are  characteristic  of  this  book,  and  are  what  give  it  espe- 
cial value.  We  cannot  refrain  upon  commenting  also  upon  the 
artistic  manner  In  which  the  binding  and  typographical  work  were 
handled ;  the  quality  of  the  paper  Is  excellent  and  the  binding  is 
very  attractive.  The  high-grade  work  exhibited  in  this  little  vol- 
ume bespeaks  a  bright  future  for  the  Derry-Collard  Company,  of 
which  Mr.  Colvin  is  president. 


The  Design  of  Simple  Roof-Trusses  In  Wood  and  Steel.  With  an 
Introduction  to  the  Elements  of  Graphic  Statics.  By  M.  A. 
Howe,  C.  E..  Prof,  of  C.  B.  at  Rose  Polytechnic  Institute.  129 
pages.  8vo.  illustrated.  Published  by  .John  Wiley  &  Sons,  43 
East  Nineteenth  Street,  New  York.      Price,  $2. 

This  book  was  written  to  bring  together  into  small  compass  all 
the  essentials  required  in  properly  designing  ordinary  roof-trusses 
In  wood  and  steel.  At  present  such  Information  is  widely  scat- 
tered and  does  not  exist  in  a  single  book,  so  that  it  was  thought 
this  work  would  fill  a  long-felt  want  for  students  of  engineering 
who  have  not  devoted  particular  attention  to  civil  engineering 
studies.  It  will,  however,  do  more  than  this — it  will  meet  the 
demands  of  the  great  number  of  those  who  have  not  had  the  advan- 
tages of  a  technical  education,  as  it  gives  clearly  and  concisely  all 
the  information  necessary  and.  besides,  presents  three  actual  ex- 
amples  of   complete   designs   for   wood   and   steel   roof-trusses   all 
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worked  out  in  detail  for  a  guide  to  future  designs.  It  contains 
very  little  matlipinatios  that  cannot  be  easily  comprehended,  and 
gives  in  the  appendix  a  large  list  of  tables  regarding  roof  cover- 
ings, the  various  structural  materials  and  proi)ertres  of  the 
various  commercial  shapes.  This  work  is  arranged  in  the  con- 
venient and  practical  manner  that  we  like  to  see,  and  is  highly 
recommended  to  anyone  desiring  such  information. 


A  Manual  of  Drawing.  By  G.  E.  Coolidge,  Assistant  Professor 
of  Machine  Design,  Sibley  College,  (jornell  University.  02 
pages.  8vo :  10  full-page  plates.  Published  by  .Tohn  Wiley  & 
Sons    4.'^   Rast  Nineteenth  street.   New  York.       Price,  $1. 

Probably  no  branch  of  engineering  has  had  more  books  written 
about  i(  than  that  of  mechanical  drawing,  and  with  more  indifferent 
success.  The  great  majority  of  such  books  are  mere  compilations 
into  book  form  of  the  methods  of  teaching  the  subject  of  some 
instructor,  without  purpose  other  than  that  of  presenting  the  entire 
subject  in  restricted  space,  with  the  result  that  too  little  of  any 
part  is  given.  The  above-named  book  by  Mr.  Coolidge  rs  not  an 
attempt  to  cover  the  whole  field,  but  is  a  small  work  of  92  pages 
with  a  definite  purpose  to  fulfil,  viz.,  that  of  pre.senting  to  students 
a  single-standard  drafting-room  system.  It  is  impossible  to  pre- 
sent this  subject  by  lectures  in  the  class-room  without  more  or  less 
confusion  to  the  student,  and  so  the  object  sought  here  is  to  present 
a  single  system  and  to  do  it  thoroughly  and  well.  The  first  80 
pages  of  the  work  are  taken  up  with  an  exposition  of  standard 
drawing  materials,  instruments  and  methods  of  using  them ;  the  re- 
mainder is  devoted  to  instructions  regarding  commercial  mechanical 
drawings,  and  is  accompanied  by  10  full-page  plates  at  the  back  of 
the  book.  The  work  is  regarded  by  the  author  as  incomplete,  for 
which  reason  every  other  page  is  left  blank  to  permit  the  addition 
of  notes  as  found  necessary.  This  book  is  a  step  in  the  right 
direction  to  reclaim  the  technical  graduate  of  the  future  from  his 
present  state  of  educated  helplessness  and  substitute  the  practical 
education  so  universally  desired. 


The  Derry-Collard  Company,  of  256  Broadway,  New  York,  have 
issued  a  44-page  pamphlet  giving  a  carefully  selected  list  of  books 
for  railroad  men.  The  method  pursued  by  this  company  is  to  send 
any  book  desired,  on  approval,  to  be  paid  for  if  retained  and  to  be 
returned  if  it  does  not  prove  to  be  the  one  wanted.  The  pamphlei 
gives  the  titles  of  books,  the  prices  and  a  brief  statement  of  the 
character  and  value  of  the  work.  It  would  pay  the  railroads  of  this 
country  to  supply  their  mechanical  department  drawing  rooms 
with  books  from  this  list. 


Motor  and  Trailer  Trucks. — This  is  the  title  of  Record  of  Recent 
Construction  No.  38  of  the  Baldwin  Locomotive  Works,  which 
describes  the  development  of  the  electric  motor  trucks  of  those 
builders  and  illustrates  a  large  number  of  trucks  for  American  and 
English  passenger  service  of  elevated  and  underground  roads  and 
also  for  the  heavier  class  of  electric  interurban  service.  This  firm 
have  applied  to  the  construction  of  these  trucks  their  long  experi- 
ence in  locomotive  work,  and  the  pamphlet  is  an  interesting  record 
of  their  progress  and  practice. 


".leffrey  Water  Elevators"  is  the  title  of  a  recent  special  cata- 
logue from  I  ho  .TcfTrey  Mfg.  Company,  Columbus,  Ohio,  illustrat- 
ing and  describing  various  systems  of  raising  water  developed  by 
them.  (!liain  bucket  water-elevators  for  operation  by  power  are 
shown  geared  for  horse-power  or  other  driving  methods. 


The  Ferguson  Portable  Heater  and  Kindler  is  described  in  a 
pamphlet  received  from  the  Railway  Materials  Company,  Old  Col- 
ony Building.  This  device  has  been  on  the  market  only  two  years 
and  has  been  adopted  by  38  railroads  in  the  United  States  for 
many  important  operations  in  connection  with  car  and  locomotive 
repairs.  The  machine  consists  of  a  tank  mounted  on  wheels, 
which  is  connected  to  a  source  of  supply  of  compressed  air,  and  a 
very  hot  flame  is  produced  by  a  portable  burner  attached  to  a  hose, 
the  flame  of  which  is  produced  by  the  combustion  of  air  and  the 
cheapest  grade  of  crude  petroleum.  The  portability  of  the  machine 
and  the  convenience  in  operation  and  regulation  render  the  device 
exceedingly  convenient  for  emergency  roundhouse  repairs,  such  as 
heating  locomotive  frames  for  bending,  straightening  bent  ashpans, 
shimming  tires,  heating  tires  for  removal,  and  similar  work.  The 
heater  is  also  used  in  repairing  steel  cars  where  an  intense  local 
heat  is  required  for  bending  distorted  plates  and  members.  An- 
other use  is  lighting  fires  on  locomotives.  The  remarkable  success 
obtained  by  the  Ferguson  furnaces  manufactured  by  this  concern 
is  sufficient  guarantee  of  the  success  of  this  new  device. 


Sli'il  as  a  substitute  for  wood  in  laths  is  making  rapid  progress 
in  building  construction.  The  Cambridge  Rigid  Reversible  Metal 
Lalli  is  maile  of  steel  and  is  well  suited  for  either  inside  plaster  or 
outside  cfment  construction.  Ft  is  proof  against  fire,  damp,  craclcs, 
vermin  and  sound.  For  inside  work  it  is  permanently  protected 
by  the  plaster  and  for  outside  work  permits  of  cement  construc- 
tion, giving  the  appearance  and  durability  of  stone.  This  lath  is 
till'  subject  of  an  illustrated  folder  received  from  the  American 
Sheet  Steel  Company,  Battery  I'ark  Building,  New  York,  the  man- 
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The  Rand  Drill  Company,  128  Broadway,  New  York,  have 
issued  a  new  catalogue  of  "Imperial  .\ir  Compressors."  This 
pamphlet  contains  a  thorough  description,  with  detailed  informa- 
tion, of  "Imperial,"  Type  10  and  Type  11  air  compressors.  Type 
10  is  a  horizontal  machine,  combining  the  many  special  features  of 
the  machinery  of  this  firm,  and  Type  11  is  a  vertical  machine  to 
meet  requirements  of  compactness,  simplicity  and  strength.  The 
"Imperial"  unloader  is  also  described.  Tables  are  included,  giving 
the  capacity,  indicated  horse-power,  dimensions  and  weights  of 
these  machines  in  various  sizes. 


Thread  milling  machines  are  described  in  an  illustrated  catalogue 
which  the  Pratt  &  Whitney  Co.  have  prepared  for  distribution. 
This  is  a  comprehensive  pamphlet,  of  which  the  company  should  be 
proud.  It  presents  the  subjeet  of  thread  milling,  describes  the 
machine,  illustrates  the  proper  method  of  driving  it,  and  shows  by 
beautiful  engravings  the  product  which  it  will  turn  out.  The  ob- 
ject was  to  produce  a  method  of  cutting  threads  which  will  be 
better,  more  accurate  and  more  economical  in  performance  than 
the  engine  lathe  methods  which  have  been  used  for  thirty  years. 
The  following  results  were  sought :  Uniformity,  exact  pitch, 
smooth  finish,  large  output,  low  cost,  and  these  to  be  secured  with 
unskilled  labor.  The  saving  made  possible  by  thread  milling  is 
estimated  at  from  25  to  500  per  cent.  The  pamphlet  opens  with  a 
clear  and  concise  description  of  the  machines,  the  cutters,  fittings 
and  driving  mechanism.  It  then  presents  engravings  of  the  product, 
including  threaded  rods,  solid  end  springs,  worms  and  spiral  gears. 
Following  these  are  tables  of  gears  for  English  and  metric  threads, 
tables  for  setting  the  cutters,  and  the  pamphlet  closes  with  an  illu.s- 
trated  description  of  the  automatic  cutter-grinder  designed  specially 
for  these  machines,  which  renders  the  sharpening  of  the  cutters  an 
easy  task.  '  This  is  an  important  addition  to  the  product  of  the 
firm,  and  the  presentation  in  the  pamphlet  is  in  every  way  worthy. 
Better  engravings  are  not  to  be  found  anywhere,  and  in  other  re- 
spects the  pamohlet  is  an  example  to  machine-tool  builders. 


The  name  of  the  Broderick  &  Bascom  Rope  Company,  of  St. 
Louis,  has  been  long  associated  with  successful  practice  in  the  use 
of  wire  ropes,  and  any  contribution  from  them  on  this  subject 
commands  attention.  A  handsome  pamphlet  entitled  "Under- 
ground Wire  Rope  Haulage"  has  just  been  prepared  for  them  by 
Mr.  William  E.  Rolfe.  It  presents  the  successful  application  of 
this  system  in  the  workings  of  the  Coal  Valley  Mining  Company, 
at  Sherrard  and  Cable.  III.,  and  is  one  of  the  best  examples  of 
literature  of  this  kind  that  we  have  seen.  The  pamphlet  shows 
the  relation  between  wire-rope  haulage  and  the  output  of  mines, 
especially  in  the  fact  that  it  provides  an  inexpensive  and  effective 
method  of  collecting  the  cars  to  a  central  point.  The  conditions 
of  mining  require  absolute  reliability,  and  that  is  given  by  this 
method.  Three  systems  are  described — the  inclined  plane,  the 
endless  rope,  and  the  tail  rope.  These  are  illustrated  by  excellent 
engravings  made  from  flashlight  photographs  taken  in  the  mines. 
The  descriptions  are  of  actual  construction,  and  the  commercial 
cpiestion  of  comparison  between  mule  and  rope  haulage  is  pre- 
sented. This  pamphlet  will  interest  mine  officers  and  also  en- 
gineers who  are  engaged  in  work  requiring  wire  ropes  for  any 
purpose.  An  interesting  case  of  an  old  rope,  after  it  had  been  in 
continuous  service  for  four  years,  is  illustrated.  Tlie  address  of 
the  Broderick  &  Bascom  Rope  Company  is  809  North  Main  street, 
St.  Louis,  Mo.     Copies  may  be  had  on  application. 


40 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


"Tiopenas"  steel  castings  are  described  aud  illustrated  in  a 
pamphlet  recei\ed  from  the  American  Brake  Shoe  and  Foundry 
Company.  This  process  of  making  cast  steel  is  specially  adapted 
to  the  manufacture  of  small  castings  which  may  be  used  in  place  of 
forgings  and  malleable  and  gray  iron  castings.  In  the  pamphlet  tlie 
process  is  described  and  the  merits  of  this  steel  are  set  forth.  On 
every  page  is  an  engraving  illustrating  a  very  large  variety  of  cast- 
ings for  which  this  metal  is  used.  As  a  substitute  for  forgings  this 
metal  saves  the  labor  of  forging ;  as  a  substitute  for  malleable  and 
gray  iron  forgings  it  offers  a  better  material,  with  greater  strength 
and  ductility. 


The  monthly  publication,  Dixon's  Graphite,  for  December,  con- 
tains an  interesting  article  on  experiments  by  Prof.  AV.  F.  M. 
Goss,  of  Purdue  University,  in  the  use  of  Dixon's  graphite  in  air- 
brake equipment.  The  experiments  were  made  upon  the  50-car 
train  equipment  at  the  university.  The  experiments  covered  the 
use  of  vaseline  without  graphite,  graphite  without  vaseline,  and 
finall.v  the  use  of  graphite  and  vaseline.  The  experiments  are  not 
oulj"  of  interest  but  of  value  to  all  who  are  connected  with  or  in- 
terested in  locomotive  engineering.  The  important  conclusions  of 
the  test  may  be  stated  as  follows :  1.  Graphite  alone  is  not  a 
sufficient  lubricant  for  triple  valves.  2.  After  graphite  has  been 
well  rubbed  into  the  working  surfaces  of  the  valves,  and  after  this 
process  has  been  followed  by  thorough  oiling  with  vaseline,  the 
action  of  the  triples  was  more  delicate  and  more  rapid  than  with 
vaseline  alone,  prior  to  the  use  of  the  graphite,  o.  The  presence 
of  the  graphite  on  the  metal  surfaces  of  the  valves,  when  operated 
with  vaseline  as  a  normal  lubricant,  serves  to  improve  their  action 
in  a  marked  degree. 


The  Crane  Company.  Chicago,  111.,  have  recently  issued  a  pocket 
edition  of  their  complete  catalogue.  The  contents  are  practically 
identical  with  those  of  their  recently  issued  general  catalogue, 
their  standard-pressure  valves  and  cocks  in  brass  and  iron  being 
illustrated  and  described,  as  well  as  their  very  complete  line  of 
fittings,  their  high,  med.ium  and  low-pressure  fittings,  gate  valves 
and  flange  fittings,  and  engineers',  steam  and  gas-fitters'  tools  and 
supplies.  This  little  volume,  which  is  4i/i  by  7  inches  in  size,  has 
■104  pages,  and  is  bound  in  buckram,  making  it  a  very  serviceable 
handbook.  It  is  now  ready  for  distribution,  and  may  be  obtained 
by  writing  to  the  home  office  or  to  any  of  the  branch  offices  of  the 
company. 


The  Case  Steam  Engine. — The  Xew  Britain  .Machine  Company, 
of  New  Britain,  Ci^nu.,  have  prepared  a  40-page  pamphlet  illus- 
trating and  describing  the  Case  automatic  high-speed  engine  builf 
by  them.  This  engine  is  constructed  in  three  forms,  all  embodying 
the  same  principles.  The  first  is  a  pedestal  engine,  for  attach- 
ment to  a  floor  or  foundation;  the  second  is  a  bracket  engine,  to 
be  bolted  to  a  wall,  and  the  third  is  a  hanger  engine,  a  novelty 
originated  and  manufactured  by  this  company,  to  be  bolted  to  an 
overhead  beam.  The.se  engines  are  built  in  a  large  variety,  and  are 
specially  adapted  to  use  in  direct-connected  generator  sets.  The 
pamphlet  is  one  of  the  most  comi)lete  we  have  seen  on  the  subject 
iif  the  small  steam  engine,  and  in  it  are  illustrated  a  number  of  in- 
teresting applications.  Copies  of  the  pamphlet  may  be  had  upon 
application. 


The  Gates  Rock  and  Ore  Breaker  is  well  known  all  over  the 
world  for  its  simple  construction,  great  capacity  and  durability. 
Over  5,000  of  these  machines  are  now  in  use  in  all  parts  of  the 
civilized  world.  This  statement  alone  is  sufficient  ground  for  im- 
plicit confidence  in  this  machine  and  the  concern  manufacturing  it. 
Under  the  title  of  "Mining  Machinery"  the  Allis-Chalmers  Com- 
pany have  issued  three  pamphlets  devoted  to  these  crushers,  and 
they  should  be  in  the  hands  of  everyone  requiring  crushing  ma- 
chinery. Book  No.  1  illustrates  and  describes  the  construction  of 
the  crushers  in  detail,  and  also  presents  the  new  "Style  D"  ma- 
chine. The  Gates  works  have  been  engaged  for  twenty  years  in 
the  manufacture  of  gyratory  crushers,  and  during  that  time  they 
have  not  lost  an  opportunity  to  apply  their  intimate  knowledge  of 
the  requirements  of  this  class  of  machinery  to  its  improvement. 
The  word  "gyratory"  indicates  the  character  of  the  mechanism. 
The  material  is  crushed  between  a  cone  upon  a  gyratory  shaft 
:'.nd  a  shell  which  forms  a  part  of  a  very  strong    case.    The  shaft 


is  vertical  and  its  upper  end  is  rigidly  held  in  a  bearing  while 
the  lower  end  is  gyrated  by  means  of  a  gear-driven  eccentric.  The 
crushing  cone  impinges  against  the  sides  of  the  shell,  its  motion 
causing  it  to  continually  approach  and  recede.  The  crushing  is 
done  .against  a  concave  surface  of  the  shell,  which  tends  to  make 
the  broken  parts  take  a  cubical  form.  This  form  of  machine, 
owing  to  its  circular  construction,  has  about  three  times  the 
capacity  of  the  jaw  tyjie  of  machines.  Other  advantages  claimed 
for  it  over  the  jaw  machines  are  finer  crushing,  absence  of  vibra- 
tion, and  much  less  power  required  for  driving.  For  crushing 
ballast  and  preparing  broken  stone  for  concrete  these  machines 
are  .specially  well  adapted.  They  are  made  in  sizes  up  to  a  capacity 
of  1.50  tons  of  road  material  per  hour,  and  these  operate  at  a  cost 
of  less  than  2  cents  per  ton.  This  concern  also  manufactures 
sample  grinders,  fine  crushers,  hoists,  screens,  and  everything  per- 
taining to  this  class  of  machinery.  Book  No.  4  describes  com- 
plete crushing  plants,  and  another  pamphlet  contains  a  list  of 
users  of  the  machines  and  letters  reporting  satisfactory  operation. 
One  prominent  feature  of  these  is  the  testimony  with  reference  to 
durability  and  low  cost  of  repairs.  Farther  information  may  be 
had  by  addressing  the  Allis-Chalmers  Company,  Chicago,  111. 


INDUSTRIAL  NOTES. 


The  Q.  &  C.  Company  have  shipped  from  their  factoi'y  at  Chi- 
cago Heights,  111.,  one  of. their  largest  special  metal  sawing  ma- 
chines to  the  United  States  Government,  to  be  used  at  the  navy 
yard  at  Cavite,  Manila. 


II.  B.  Undi'rwood  &  Co.,  manufacturers  of  special  tools  for  rail- 
way repair  shops,  102.5  Hamilton  street,  Philadelphia,  inform  us 
that  Mr.  Daniel  W.  Pedrick  is  no  longer  connected  with  or  inter- 
ested in  any  way  with  the  Pedrick  &  Ayer  Company.  His  entire 
time  is  now  given  to  IT.  B.  Underwood  &  Co.,  of  which  firm  he  is 
the  senior  partner.  He  has  been  a  partner  of  this  firm  since  its 
organization  and  is  now  engaged  in  manufacturing  portable  c.vlin- 
(ler  boring  bars  and  other  portable  tools  for  railroad  shops,  of  the 
snnu>  high  grade  and  quality  as  he  did  when  connected  with  the 
I'l'drick  ifc  Ayer  Company. 


The  Stewart  Hartshorn  Company,  February  1,  will  mine  their 
New  York  stock  rooms  to  jfe.  7  Lafa.yette  place,  one  block  east  of 
Broadway,  between  Great  Tones  street  and  East  Fourth  street,  a 
central  location  for  all  interested.  For  the  past  thirty-four  .years 
Hartshorn  shade  rollers  have  been  in  stock  at  480  Broadway,  a 
location  well  known  to  the  trade,  and  although  it  is  a  rare  thing 
to  see  old  firms  move,  it  was  deemed  best  by  the  company  in  this 
ca.se.  Trade  has  been  increasing,  as  well  as  demands  tor  the  many 
imjirovements  which  the  company  has  brought  into  the  construc- 
tion of  their  shade  rollers  and  accessories,  so  that  in  order  to  carry 
the  necessary  stock  for  immediate  shipment  in  New  York  it  was 
found  necessarj'  to  acquire  much  larger  storerooms.  At  No.  7 
Lafayette  place  the  main  storeroom  is  on  the  ground  floor,  besides 
^^■llich  the  company  will  also  occupy  the  basement,  which  is  equal 
in  area  to  the  main  storeroom.  Tliis  gives  more  than  double  the 
space  formerly  occupied  so  long  on  Broadway,  and  here  will  be 
carried  a  full  line  of  new  groove  tin  and  improved  wood  rollers,  as 
well  as  the  older  styles  of  Hartshorn  shade  rollers,  which  are  still 
called  for  by  some  dealers.  Besides  these,  a  full  line  of  shade- 
roller  brackets,  pin  ends,  shade  clasps,  bottom  roller  clips,  catch 
pulle.vs,  etc.,  will  be  found :  also  models  showing  the  various 
methods  of  placing  shades  properly  in  position.  To  these  new 
stock-rooms  the  Stewart  Hartshorn  Company  cordially  invite  their 
friends.  With  more  room  and  fuller  stock,  quick  demands  can  be 
promptly  met.  In  future,  as  in  the  past,  large  shipments  will  be 
made  directly  from  the  company's  factories  in  East  Newark. 


WANTED,  A  POSITION,  after  January  1st,  1903,  by  an  archi- 
tect and  civil  engineer :  thoroughly  conversant  with  the  designing 
and  detailing  of  large  buildings  and  railroad  shops.  Will  refer,  by 
permission,  to  the  Lake  Shore  Railway  shops,  at  Collinwood.  Ohio, 
a  description  of  which  is  now  being  published  in  The  American  En- 
gineer. x\ddress  M.,  care  Editor  American  Engineer,  140  Nassau 
street.  New  York. 
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NEW  LOCOMOTIVE  AND  CAR   SHOPS. 


COLLINWOOD,   Ohio. 


Lake  Suore  &  Michigan  Southeen  Railway. 


TllK    MACHINE  TOOL  JiCJUIl'MENT. 


rO\VEl{    FOR    THE    TOOLS. 

When  tile  design  of  the  machine  tool  equipment  and  lay- 
out for  the  machine  shops  at  Collinwood  was  under  consid- 
eration a  great  deal  of  difl&culty  was  occasioned  by  the  gen- 
eral scarcity  of  information  and  data  available  regarding  the 
powering  of  most  kinds  of  machine  tools,  and  the  best  methods 
of  driving  them.  A  large  amount  of  study  was  necessary  to 
perfect  these  details  and  to  arrive  at  the  best  possible  solutions 
of  the  questions,  particularly  as  there  was  at  the  time  very 
little  precedent  to  follow. 

Probably  the  most  important  question  was  the  powering  of 
the  tools.  A  large  amount  of  very  valuable  data  was  gath- 
ered on  this  subject  during  the  original  investigations,  in 
connection  with  the  determination  of  the  generator  capacity 
necessary  to  be  installed  in  the  central  power  plant  to  operate 
the  entire  power  system.  The  power  that  would  be  required  to 
run  each  of  the  machine  tools  to  be  installed  at  the  shops  was 
carefully  estimated  from  the  best  of  the  data  obtainable,  for 
the  purpose  of  "first  determining  as  nearly  as  possible  the 
proper  sizes  of  motors  for  running  them.  These  estimated 
power  inputs  were  based  upon  the  full-load  capacities  of  the 
respective  tools — a  value  which  is  rather  indefinite  with  most 
machine  tools,  being  dependent  usually  upon  the  product  of 
the  size  of  the  heaviest  cut  and  the  highest  cutting  speed,  or, 
in  other  words,  upon  the  highest  rate  of  removal  of  metal. 
Ihe  estimated  required  powers  for  each  tool  installed  appear, 
as  adopted,  in  the  accompanying  tool  list  presented  on  pages 
42  and  43.  It  is  to  be  noted  that  in  the  list  of  direct-con- 
nected tools  these  estimated  powers  appear  in  the  left-hand 
column,  the  outside  column  to  the  extreme  right  indicating 
the  sizes  of  motors  actually  applied  finally  to  each  of  the  tools. 
The  direct-connected  tools  are  equipped  with  motors  of  ca- 
pacities anywhere  from  BO  to  300  per  cent,  of  their  estimated 
required  powers,  according  to  the  tool  and  to  the  work  for 
which  they  were  to  be  used.  This  difference  is  caused  by  the 
excess  of  powering  required  by  the  multiple-voltage  system, 
as  will  be  afterwards  explained,  and  also  in  some  cases  by  the 
expectation  of  a  slightly  greater  power  to  be  required  than 
previously  estimated. 

Such  tools  as  planers,  shapers,  grinders,  blowers,  etc., 
which  require  their  full  power  continuously  when  in  opera- 
tion, are  quipped  with  motors  of  exactly  100  per  cent,  of  their 
maximum  powers.  In  the  cases  of  the  smaller  machine  tools 
which  are  group-driven  from  line-shafting,  each  group  is 
driven  by  a  ceiling-type  line-shaft  motor  of  a  capacity  equal 
to  something  less- than  the  sum  of  the  maximum  powers  of 
all  the  tools  in  the  group,  the  desired  percentage  of  power  in 
the  motor  being  75  per  cent.;  this  percentage  was  not  ad- 
hered to,  however,  for  practical   reasops.     The  majority  of 


the  groups  were  equipped  with  motorn  of  larger  sizes  than  had 
Veen  estimated  a.s  necessary  in  order  to  provide  in  advance 
for  extensions.  Some  of  the  groups  arc  powered  as  high  as 
140  per  cent,  and  160  per  cent,  of  their  present  required  power. 
The  method  of  arriving  at  the  generator  capacity  neces- 
sary in  the  power  plant  to  take  care  of  the  machine  shop 
motors  is  interesting.  'Ihe  motors  which  are  direct-connected 
to  machine  tools,  operating  with  variable  loads,  were  esti- 
mated to  require  about  30  per  cent,  of  the  rated  horse  power 
of  the  tool,  Ihe  transmission  loss  being  estimated  at  20  per 
cent.;  this  made  the  power  aitually  req\iirod  about  36  per  cent, 
of  the  total  power.  The  constant-load  tools,  such  as  the 
planers,  blowers,  etc.,  were  figured  at  luO  per  cent,  of  their 
full  powers,  with  a  20  per  cent,  allowance  for  transmission 
losses.  The  group-driven  tools  were  estimated  to  require,  at 
their  motor,  about  50  per  cent,  of  the  power  that  would  be  re- 
quired to  run  ail  the  tools  of  the  group  at  full  load,  this  figure  / 
including  all  losses  in  transmission,  both  electrical  and  me- 
chanical. The  total  crane,  turntable,  transfer  table  and  ele- 
vator'load  that  the  power  plant  generators  will  be  called  upon 
to  carry  was  estimated  flatly  at  75  kilowatts,  a  quantity  based 
upon  experience  at  other  plants;  it  is  more  than  probable  that, 
with  the  generous  overload  capacity  that  is  provided  in  the 
generators,  no  combination  of  circumstances  will  ever  arise  to 
cause  a  sufficient  overload  from  the  cranes  to  seriously  affect 
them. 

CKNERATOH    C.VPACITY    REQUIRED. 

It  is  interesting  to  note  in  this  connection  the  relation  of 
the  total  generator  capacity  arranged  for  in  the  power  plant 
to  the  total  power  actually  required  by  the  various  depart- 
ments of  the  shop  for  both  lighting  and  machine  driving.  As 
will  be  recalled  from  the  description  of  the  power  plant  in 
our  November,  1902,  issue,  the  capacities  of  the  generators 
installed  are  400-kw.,  400-kw.  and  75-kw.,  making  a  total 
capacity  of  875  kw.  (1,167  h.p.).  These  machines  are  all 
designed  to  easily  withstand  overloads  of  25  per  cent.,  and 
will  even  carry  overloads  of  75  per  cent,  momentarily  with- 
out serious  inconvenience;  thus  the  power  plant  can  easily 
take  care  of  a  steady  overload  of  1,094  kw.  (1,460  h.p.),  and 
may  withstand  momentarily  a  load  as  high  as  1,532  kw. 
(2,043  h.p.).  The  power  that  will  be  demanded  for  lighting 
and  machine  driving  in  the  various  departments  of  the  shops 
is  given  in  the  table  appended  below,  subdivided  into  constant 
loads,   variable  loads,  cranes  and   lighting: 

ESTIMATE   OF   POW^B   EEQUIBED    .\T    COLUSWOOD    SHOPS. 

A. — For  Machine-Tool  Driving — Constant  Load  : 

(Estimated — Load   factor,   100   per  cent.  ;    transmission  effl- 
ciency.  80  per  cent.)  ,_„  t,  ^r>oT.- 

Locomotive    sliops   building 45  H.  P.         |J.z  kw. 

Blacltsmith   shop   building 60  H.  P.         56.2  Kw. 

Car  shops  buildings    100  H.^        ^3.7  Kw. 

Total    205  H.  P.  1921  Kw. 

B  — For  Machine-Tool  Driving — Variable  Loads  : 

(Estimated — Load    factor.   30   per   cent.;     transmission    effi- 
ciency, 80  per  cent.)                             „,  „  „  „  „  o/>i  •.  ir„ 
Locomotive  shops  building.  ..  .     715.3  H.P.  ^01.1  K.W. 

Blacksmith   shop  building f  «?-2  S' S"  iS?i  l^» 

Car   shops   buildings 451.5  H  P.  127.0  Kw. 

Power  plant   (coal  crusher,  etc.)       2(5  H.P.  T.Tliw. 


Total 


.1.557.3  H.  P 


437.9  Kw 


C_For  Cranes.  Transfer  Tables.  Etc:  Power  Estimated. 

100-ton  erecting  shop  traveling  crane 30  Kw. 

30-ton  boiler  shop  traveling  crane 10  Kw. 

714   and  10-ton  locomotive  shops  cranes ?  i>^' 

Turntables    72   ft.    (roundhouse  and  loco,   shops)    5  Kw. 

Transfer  tables.  75  ft.   (two  for  car  shops) 10  Kw. 

Elevator    (5,000-lb.   electric    for  storehouse) ....    2  Kw. 


Tolal 


62.0  Kw. 


n. — For  Electric  Lighting — All-Night  Load: 

(Estimated— Load    factor    and    transmission    efBclency.    100 

per  cent,  total.) 

Arcs.  Incand  ts. 

Shops  and  shop  yard 33  152                  27.4  Kw. 

Roundhouse  and   yard.....      6  274                VA^ 

Transportation   department .    45  bO                ''"■"  "^^  ■ 


Total   84 


486 


74.7  Kw. 
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K.—  For  Electric  LlghtlnK — OccaHional,  Day  Load  : 

(Kstimatcd — Lnad     factor    and    IranHmlKBlon    cfBclcncy,    75 
per  cent,  total.) 

ArcH.   Incand'ts. 

.Shops  and  Hhop  yard 249      1,138  164.6  Kw. 

RoundhouKO  and  yard 

TranHportatlon  dept.  yard..    ..  12  .4  Kw.         ^ 

Total    240       1.148  155.0  Kw. 

(Arc   lamps  estimated  as  requiring  COO   watts  each   and   In- 
candescent lamps  as  requiring  50  watts  each.) 

Grand  total   921.7  Kw. 

This  nguio,  921.7  kilowatts  (1,228.9  h.p.),  whiih  Is  the  total 
expected  power  that  will  be  demanded  from  the  power  plant 
under  ordinary  conditions  of  operation,  is  only  about  5  per 
cont.  more  than  the  total  rated  full-load  capacities  of  the  gen- 
erators, being  well  within  their  25  per  cent,  overload  capacity. 
The  probable  load  that  will  be  demanded  will  undoubtedly  be 
within  the  combined  capacity  of  the  two  larger  400-kw.  gener- 
ators, which  can  easily  carry  for  their  25  per  cent,  overload 
capacity  a  steady  load  of  1,000  kw.  (1,333.3  h.p.),  so  that  the 
smaller  75-kw.  dynamo  may  be  held  for  reserve  and  for  night 
service.  The  greatest  possible  total  load  that  could  be  brought 
upon  the  power  plant,  by  a  simultaneous  starting  at  full  load 
of  all  the  current-consuming  devices  upon  the  power  and 
lighting  systems,  is  about  1,880  kw.  (2,507  h.p.),  but  this  is 
a  totally  improbable  and  almost  impossible  combination. 

METHOD  OF  API'LYING   MOTOR  OBIVES. 

Neither  the  individual  motor-drive  nor  the  group-drive  sys- 
tem was  given  absolute  preference  in  the  applications  of  elec- 
tric motors  for  driving  machine  tools  at  the  Collinwood  shops. 
Individual  direct-connected  motors  were  installed  on  about 
three-eighths  of  the  machine  tools,  while  the  remainder  of  the 
entire  equipment  was  arranged  for  group  driving  from  line- 
shafting,  there  being  17  groups,  each  having  its  line-shaft 
driven  by  a  separate  constant-speed  motor.  Rather  than  the 
method  of  driving  by  individual  direct-connected  motors  hav- 
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ing  been  considered  the  ideal  condition  to  be  resorted  to  ex- 
clusively, group-driving  appears  to  have  received  the  prefer- 
ence, inasmuch  as  tools  were  arranged  for  an  individual  drive 
only  when  the  advantages  to  be  gained  thereby  over  a  drive 
from  line-shafting  were  of  considerable  weight. 

One  of  the  most  important  considerations  favoring  the  ap- 
plication of  individual  direct-connected  motors  was  that  of  the 
locations  of  the  tools.  It  was  very  desirable  and  practically 
necessary  that  this  method  of  driving  be  applied  to  all  tools 
located  in  the  portions  of  the  shops  served  by  traveling  cranes, 
in  order  to  prevent  the  interference  that  would  otherwise  be 
caused  by  belting,  countershafting,  etc.,  and  also  where  the 
tools  are  scattered  and  isolated,  as  they  are  in  the  boiler  shop, 
it  was  found  to  be  cheapest  and  by  far  most  convenient  to 
apply  individual  drives.  The  latter  is  particularly  evident  when 
the  losses  of  power  that  would  have  occurred  in  the  neces- 
sarily long  stretches  of  line-shafting  are  considered,  and, 
moreover,  because  in  the  boiler  shop  it  would  practically  have 


driven  by  variable-speed  motors  include  the  heavier  lathes 
(28-in.  and  over),  the  larger  boring  mills,  the  horizontal  bor- 
ing machine,  the  larger  planers,  frame  Blotter,  wheel  lathes, 
etc. 

THE   INDIVIDUAL   MOTOR   DRIVES. 

In  the  application  of  the  individual  motor  drives  to  the  ma- 
chine tools  it  was  necessary  to  carefully  consider  not  only  the 
adaptation  of  the  tool  to  the  drive,  but  the  electrical  questions 
as  well,  including  the  method  of  speed  control,  the  ranges  of 
speed,  etc.,  which  were  of  great  importance  on  account  of  their 
effect  upon  the  former  problem.  As  previously  stated,  the 
Crocker-Wheeler  system  of  multiple-voltage  speed  control  was, 
after  a  careful  investigation  of  the  various  variable-speed  sys- 
tems, adopteu  and  the  necessary  generating  equipment  for  the 
four  voltages  installed  as  a  part  of  the  power  plant  equipment. 
The  critical  point  which  determines  the  practicability  of  this 
system  is,  however,  the  extent  of  the  range  of  speeds  to  be 
made  use  of  with  the  motors;    because  with  too  wide  a  range 
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been   necessary  to  have  used  one  motor  to  each  tool  even  if* 
line-shafting  had  been  used. 

In  general  it  may  be  said  that  the  policy  adhered  to  in  the 
installation  was  that  individual  motor  drives  were  applied  to 
all  machine  tools  which  were  of  sufficient  size  so  that  the 
extra  expense  would  be  justified  on  account  of  the  advantages 
to  be  gained  from  the  variable  speeds  possible  with  them  on 
the  multiple-voltage  system.  It  was  thought  desirable  that 
machine  tools  requiring  5  horse-power,  or  over,  should  be  so 
equipped  to  take  advantage  of  the  multiple-voltage  system; 
this  was  done  on  all  the  larger  machines  with  the  exception 
of  the  quartering  machine,  some  of  the  planers  and  shapers, 
and  some  of  the  boring  mills,  drills,  grinders,  etc.  (tools  Nos. 
12,  15,  37.  38,  39,  42,  44,  45,  71,  72,  76,  82,  89  and  90— see  tool 
list),  which  are  Individually  driven  by  constant-speed  motors 
on  account  of  not  requiring  the  variable  speeds.  The  car 
wheel  boring  machine  (tool  No.  77)  will  probably  be  changed 
over  for  a  multiple- voltage  drive.  The  above-mentioned  tools, 
equipped  with  constant  speed  motors,  might  have  been  group- 
driven  from  line-shafting,  but  for  the  fact  that  they  are  lo- 
cated in  the  heavy  tool  section  of  the  machine  shop,  which 
has  a  traveling  crane  service.    The  tools  that  ^re  individually 


of  speeds  the  sizes  of  the  motors  necessary  become  so  large  as 
to  render  the  system  too  expensive  and  very  inconvenient  of 
application. 

The  multiple-voltage  system  permits  of  ranges  of  speed  as 
wide  as  6  to  1,  and  even  up  to  10  to  1;  but  if  it  were  de- 
sired, with  the  wider  ranges,  to  have  the  motors  exert  the 
same  power  at  the  lowest  speeds  as  they  would  be  required  to 
with  the  highest  speeds,  they  would  necessarily  have  to  be 
several  sizes  larger  than  necessary  if  only  the  higher  speeds 
were  to  be  used.  This  is  due  to  the  basic  principle  of  the 
operation  of  dynamo-electrical  machinery — that  the  capacity  is 
almost  exactly  proportional  to  the  speed  at  which  the  machine 
operates;  so  that' the  slower  a  motor  runs  the  less  is  the  power 
delivered  with  safety.  If  a  motor  on  the  multiple-voltage  sys- 
tem be  designed  for  the  maximum  power  required  with  its 
slowest  speed,  then  in  delivering  the  same  amount  of  power  at 
speeds  six  or  ten  times  greater  it  would  be  working  at  only 
one-sixth  or  one-tenth  of  its  capacity,  or,  in  other  words,  at  the 
highest  speeds  the  motor  would  be  six  or  ten  times  too  large. 
The  objections  to  operating  an  electric  motor  at  full  load  at 
one  sixth  or  one-tenth  of  its  full  load  capacity  are  its  extremely 
low  efficiency  ij}  the  use  of  power  at  small  loads,  and  the  me- 
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conveniences  (mechanical)  resulting  from  the  use  of  a  machine 
many  times  too  large,  such  as  difli<uilly  of  supporting  the 
extra  weight,  vibration  and  momentum  oi:  the  heavier  rotating 
parts,  etc.,  as  well  as  the  greater  expense  of  installing  a  large 
equipment. 

In  view  of  these  objections  to  the  wide  speed  range,  a  small 
range  of  speed  variation,  namely,  2.4:1,  was  adopted  for 
the  motors;  this  removes  almost  entirely  the  objections  to 
the  wider  ranges  by  permitting  the  use  of  motors  from  one- 
half  to  one-third  of  the  sizes  that  would  have  been  required 
to  obtain  full  power  through  the  G  to  1  or  10  to  1  ranges,  and, 
still,  the  possibility  of  using  the  motors  tnrough  ranges  of  6:1 
or  10:1,  when  on  light  work,  is  retained.  At  the  same  time,  all 
the  advantages  of  the  wider  ranges  have  been  retained  by  the 
applications  of  "back  gear"  attachments  in  the  motors'  drives, 
which  multiply  as  many  times  as  necessary  tlie  speed  range  at 
full  power  obtained  from  the  motor. 

In  many  cases  these  runs  of  gearing  have  been  so  chosen 
that  the  actual  ranges  of  speeds  possible  at  the  tool  are  from 
50  to  1,  or  even  100  to  1.     On  the  individually-driven  lathes 


the  advantages  of  the  several  methods  and  point  out  the  direc- 
tion of  poSsible  improvements. 

The  controlling  devices  have,  in  some  cases,  been  mounted 
on  stands  attached  to  the  floor  and  near  the  workman's  hand. 
On  the  lathes  the  controllers  are  mounted  on  the  bed  under- 
neath the  headstock,  and  are  operated  through  mechanical 
lonnections  by  a  handle  attached  to  the  lathe  carriage,  and 
therefore  always  convenient  at  whatever  point  along  the  bed 
the  tools  may  be  working.  The  convenience  of  control  thus 
obtained  lends  itself  in  the  highest  degree  to  self-education  on 
the  part  of  the  workman  in  obtaining,  at  all  times,  that  cut- 
ting speed  which  will  give  the  best  results  with  each  particu- 
lar piece  of  work,  and  so  tends  to  increase  of  output. 

In  the  determinations  of  the  correct  ratios  of  the  various 
change  gears  for  the  back  gear  attachments  to  be  applied  to 
the  machine  tools,  a  diagram  showing  the  relation  of  cutting 
speeds  to  diameters  of  work  was  plotted  for  each  tool;  the 
diameters  of  work  were  laid  off  as  ordinates  and  the  cutting 
speeds  as  abscissffi.  Then  vector  lines,  laid  oft  on  these  dia- 
grams corresponding  to  numbers  of  revolutions  of  the  spindles. 
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three  changes  of  gearing  are  provided  in  all,  in  addition  to  the 
lathe's  back  gears,  while  on  the  boring  mills  two  changes  were 
found  to  be    sufficient. 

The  adaptations  of  the  tools  to  the  conditions  imposed  by 
the  electric  drives  were  left  mainly  to  the  tool  builders  them- 
selves to  decide,  as  a  result  of  which  there  are,  on  different 
tools,  several  different  methods  in  use  for  attaining  the  desired 
results.  In  nearly  every  case  the  motor  has  been  mounted  on 
brackets  attached  to  the  frame  of  the  machine,  and  connected 
to  the  driving  mechanism  through  as  many  alternative  trains 
of  gearing  as  the  case  has  required.  The  method  of  connecting 
through  any  desired  one  of  these  trains  varies;  in  a  number 
of  cases  it  is  done  by  sliding  change-gears  in  aud  out  of  mesh 
along  a  splined  shaft,  in  other  cases  the  different  gears  are 
picked  up  by  means  of  clutches,  while  in  still  others  sliding 
keys  or  drop  keys  are  used.  Also  in  some  cases  the  operation 
of  changing  the  gear  ratios  is  made  convenient  and  simple  by 
levers  so  arranged  as  to  connect  up  the  different  series  by  the 
positions  to  which  it  is  moved;  an  example  of  this  appears  in 
the  IG-in.  Niles  slotter  illustrated  on  page  47.  These,  as  well 
as  the  types  of  brackets  and  framing.  Illustrate  the  ideas  oi 
the  different  tool  builders,  and  experience  only  will  indicate 


present  graphically  the  relations  between  the  cutting  speeds 
and  the  diameters  of  work  for  those  spindle  speeds.  Examples 
of  such  initial  diagrams  for  the  84-in.  Niles  driving  wheel 
lathes  and  the  28-in.  Pond  engine  lathes  are  presented  on  page 
46.  As  may  be  seen,  the  spindle  speed  for  each  vector  is 
named  upon  it  in  rev.  per  min.,  the  smaller  number  of  full 
lines  indicating  the  various  spindle  speeds  possible  with  belt 
drives  and  cone  pulleys,  while  the  dotted  lines  indicate  the 
greater  range  of  speeds  available  with  the  multiple-voltage 
system. 

Where  the  variation  in  the  number  of  revolutions  at  the 
spindle  of  a  tool  required  to  give  the  correct  cutting  speed 
over  the  range  of  diameters  of  work  to  be  handled  does  not  ex- 
ceed 2.4  to  1  no  change  gears  are  necessary,  as  that  variation 
can  be  taken  care  of  by  the  multiple-Voltage  system  of  control 
and  the  full  6:1,  or  10:1,  range  at  reduced  power  can  be  used 
for  variations  in  cutting  speed  only. 

Where  this  ratio  exceeds  2.4  to  1,  a  second  gear  ratio  diagram 
was  prepared,  having  revolutions  per  minute  as  abscissse,  and 
gear  ratios  as  ordinates;  diagonal  lines  were  drawn  on  these 
diagrams  to  represent  the  various  voltages  available  with  the 
multiple-voltage  system,  and  the  intersections  of  these  lines 
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GEAR  RATIOS,   84-INCH   NILES   WHEEL  LATHE. 

H.P.   Required  to  Drive 8 

Proposed    Motor     15         H.P. 

Motor  overloaded  25  per  cent =:  18.75  H.P. 

with  the  horizontal  lines  drawn  through  any  of  the  gear 
ratios  have  for  their  ordinates  the  number  of  revolutions  made 
by  the  spindle  for  that  voltage  and  gear.  From  this  diagram 
it  was  therefore  easy  to  lay  off  other  gear  ratios  so  as  to  ob- 
tain either  a  continuous  range  in  speed  or  a  series  of  speeds 
between  which  the  variation  is  practically  continuous.  Exam- 
ples of  these  gear  ratio  diagrams  are  also  shown  above, 
accompanying  the  above-mentioned  initial  diagrams  for  the 
wheel  lathes  and  engine  lathes,  all  of  which  required  speed 
ranges  greater  than  2.4  to  1. 
In  the  following  descriptions  of  the  machine  tools  the  ar- 
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swindle  Speed  ft.P.M. 
GEAR   RATIOS,   28-INCH   POND   ENGINE   LATHE, 

H.P.  Required  to  Drive 3.6 

Proposed  Motor    7.5       H.P. 

Motor  overloaded  25  per  cent =:  9.375  H.P. 

rangements  of  the  motor  supports,  as  well  as  of  the  controll- 
ers, circuit  breakers,  etc.,  are  indicated  in  the  illustrations. 
In  the  previous  issue  of  this  journal  on  page  25  were  pre- 
sented four  engravings  which  illustrate  typical  methods  of 
arrangement  of  motors  for  the  motor  drives;  interesting  ex- 
amples are  there  shown  of  motors  mounted  upon  brackets 
upon  the  machine  tool,  as  well  as  also  a  convenient  arrange- 
ment of  the  motor  upon  the  floor  at  the  rear  of  the  machine. 

TOOLS. 

On  pages  44-46  are  llustrated  several  tools  which  are  repre- 
sentative examples  of  the  motor  applications  for  driving.  Tha 
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motor-driven  lathe  presents  advanced  Ideas  of  electric  driv- 
ing, the  motor  being  mounted  directly  upon  framework  above 
the  headstock  and  gear  connected  to  the  drive.  This  lathe 
is  a  28-in.  triple-geared  lathe  built  by  the  Pond  Machine  Tool 
Company,  Plainfleld,  N.  J.,  and  specially  adapted  for  the 
motor,  which  is  a  7%  h.-p.  Crocker-Wheeler  multipolar  motor. 
Twelve  different  speeds  are  available  from  the  multiple  volt- 
age system  and  by  means  of  gearing  and  clutches  three  gear 
ratios  are  possible,  making  a  wide  range  of  36  speeds  possible. 
The  most  remarkable  feature  of  the  electrical  application  is 
the  location  of  the  controller,  as  shown  at  C,  so  that  it  can  be 
at  all  times  manipulated  from  the  carriage  by  handle,  H, 
through  the  agency  of  a  splined  shaft  parallel  to  the  lead 
screw. 

This  lathe  has  a  bed  10%  ft.  long,  and  will  teke  work, 
swinging  29%  ins.  over  the  bed,  or  22  ins.  over  the  carriage, 
4  ft  between  centers.  The  bed  is  heavy  and  wide  enough  to 
prevent  overhang  of  carriage  at  the  front  when  turning  on 
the  largest  diameters.  The  carriage  has  long  bearings  upon 
the  ways,  is  gibbed  down  to  the  bed  for  stability  and  can  be 


machine,  entirely  independent  of  the  other.  Each  motor  has 
its  controller  and  circuit  breaker  located  conveniently  on  a 
stand  in  front  of  it.  This  machine  will  quarter  wheels  from 
4o  to  84  ins.  in  diameter  for  crank  radii  of  from  8  to  16  Ins. 
The  boring  spindles  may  be  changed  to  either  side  of  their 
heads  at  will  for  boring  right  or  left-hand  leads.  The  steady 
rests  between  the  heads  are  to  carry  the  weight  of  the 
wheels,  the  centering  spindles  acting  merely  to  assist  In  locat- 
ing them. 

The  remaining  pngravings  on  this  page  illustrate  the  applica- 
tion of  the  motor  drive  to  a  200-ton,  48-in.  hydrostatic  wheel 
press,  built  by  the  Niles  Tool  Works.  The  motor,  which  is  a 
10  h.-p.  multiple-voltage  Crocker-Wheeler  motor,  is  geared 
direct  through  a  single-reduction  to  the  eccentric  shaft  from 
which  the  pumps  are  actuated.  This  is  an  excellent  example 
of  the  compactness  and  simplicity  ottered  by  the  motor  drive. 


Mr.  E.  B.  Thompson  has  been  appointed  master  mechanic 
of  the  Iowa  &  Minnesota  division  of  the  Chicago  &  North- 
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16-INCH     CRANK-MOTION     SLOTTEH. NILES     TOOL-  WORKS.  200-TON    NILES    WHEEL    PRESS. 

DRIVEN    BY    MDLTIPLE-VOLTAGE    CROCKEE-WHEELEB    MOTOR.  DRIVEN    BY    10-H.P.    CONSTANT-SPEED    MOTOR. 

COLLINWOOD    SHOPS. — LAKB    SHOReT 'MICHIGAN    SOUTHERN    RAILWAY. 


clamped  rigid  when  cross-feeding.  A  desirable  feature  is  that 
when  either  of  the  feeds  or  the  screw-cutting  attachment  of 
the  carriage  is  in  use  the  others  are  all  locked. 

The  slotting  machine  shown  above  is  a  16-in.  crank-motion 
slotter  direct  driven  by  a  motor  through  the  medium  of  gearing 
and  clutches.  The  clutches  control  the  various  gear  ratios 
for  the  drive,  which  may  be  changed  from  one  to  another  by 
means  of  the  handle  projecting  from  the  gear  case.  This 
slotter  has  a  crank-driven  ram  and  is  equipped  with  a  Whit- 
worth  quick-return  motion.  The  feeds  are  actuated  by  a 
large  cam  on  the  main  gear,  and  always  take  place  at  the 
top  of  the  stroke.  This  machine  has  a  36-in.  table,  with  a 
36-in.  longitudinal  and  24-in.  cross-feed,  and  has  a  circular 
feed.  The  maximum  height  of  the  ram  above  the  table  is  19 
ins.  The  extremely  convenient  location  of  the  controller  and 
circuit  breaker  is  made  evident  in  the  engraving. 

The  84-in.  Niles  quartering  machine,  illustrated  on  page  45, 
has  two  constant-speed  drives,  each  Crocker-Wheeler  5  h.-p. 
multipolar  motors,  one  of  which  is  located  at  each  head  of  the 


western  Railway  with  headquarters  at  Mason  City,  Iowa,  to 
succeed  Mr.  E.  W.  Pratt,  who  has  been  transferred  to  the 
Fremont,  Elkhoin  &  Missouri  Valley.  Mr.  Thompson  has 
for  a  number  of  years  held  the  position  of  mechanical  engi- 
neer of  this  road  at  the  motive  power  headquarters  in  Chicago. 

Mr.  James  McNaughton,  general  superintendent  of  the 
Brooks  Works  of  the  American  Locomotive  Company  at  Dun- 
kirk, N.  Y.,  has  been  appointed  to  succeed  Mr.  J.  F.  Deems 
as  general  superintendent  of  the  Schenectady  works,  in  addi- 
tion to  his  duties  at  Dunkirk.  Mr.  McNaughton  has  been  in 
responsible  charge  of  the  Dunkirk  plant  since  1898,  when  he 
resigned  from  ine  position  of  superintendent  of  motive  power 
of  the  Wisconsin  Central,  which  he  held  for  eight  years.  Mr. 
W.  L.  Reid  has  been  promoted  to  the  position  of  superintend- 
ent of  the  new  works  at  Schenectady,  and  Mr.  R.  H.  Gilmour, 
formerly  superintendent  of  the  Camdem  Foundry  Company  of 
Toronto,  has  been  appointed  superintendent  of  the  Brooks 
plant. 
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NEW  FREIGHT  LOCOMOTIVE  FOR  THE  "BURLINGTON,' 
2—8—0    TYPE. 


Built  by   the   American   Locomotive   Compant. 


SCHENECTADY    WOBKS. 


This  is  the  heaviest  locomotive  ever  built  for  the  Burlington, 
and  as  this  road  has  been  conservative  in  the  matter  of  in- 
creased weight  and  power  the  advent  of  this  design  is  notable. 
When  the  engine  of  this  type  was  built  for  the  Burlington  & 


Missouri  River  Railroad  in  1898  (American  Engineeb,  Septem- 
ber, 1898,  page  296)  by  the  Pittsburgh  Locomotive  Works  it 
was  regai'ded  as  a  heavy  engine,  but  the  present  class,  for  the 
Hannibal  &  St.  Joe  Railroad,  part  of  the  same  system,  is  a 
long  step  in  advance.  The  comparison  of  a  few  details  will 
show  this: 

1898.  1903. 

Total   weight    (pounds) 181,200  207.900 

Weight  on  drivers  (pounds) 166,000  181,000 

Heating  surface   (square  feet) 2,675  3,827 

Grate  area    (square  feet) 31.6  54 

Tractive  power    (pounds) 39,300  12,500 


HEAVY    FREIGHT    LOCOMOTIVE    FOR    THE    BITRLINGTON. AMERICAN    LOCOMOTIVE    COMPANY,    BUILDERS. 


The  total  weight  has  Increased  14.6  per  cent.,  the  heating  sur- 
face 43  per  cent.,  and  the  tractive  power  8  per  cent.  This 
is  an  example  of  systematic  progress,  indicating  the  trend  of 
locomotive  design  toward  increasing  power  along  reasonable 
and  conservative  lines.  Attention  will  be  directed  to  a  number 
of  interesting  details  of  the  design  of  this  engine  in  another 
article.  The  following  ratios  and  list  of  dimensions  are  worthy 
of  record: 

RATIOS. 

42,500  lbs. 

310.6 


Tractive  power  =  .  . 
Heating  surface 


VIEW    OF    FIREBOX    AND    CAB. 


(1) 

(2) 
(3) 
(4) 
(5) 

(6) 

(7) 


Cylinder  volume 

Tractive  weight         

Heating  surface  "~ 

Tractive  weight  _ 

Tractive  effort  ~ 

Tractive  effort  _ 

Heating  surface  "" 

Heating  surface  _ 

Grate  area  ~ 

Tractive  effort  X  diameter  drivers 
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1.26 


11 


71.7 


627 


Heating  surface 
Heating  surface  In  per  cent,  of  tractive  power  = 9% 
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FREIGHT  LOCOMOTIVE— C,  B.  &  Q.  RAILWAY. 

2-^8—0    TYPE. 

General  Dimensions. 

Fuel    Bituminous  coal 

Weight   In   working  order 207,900  lbs. 

Weight    on    drivers 181,000  lbs. 

Weight  engine  and  tender  In  working  order 320,100  lbs. 

Wheel  base,  driving    15  ft.  8  Ins. 

Wheel  base,   rigid    15  ft.  8  Ins. 

Wheel  base,  total    24  ft.  4  Ins. 

Wheel  base,  total,  engine  and  tender 55  ft.  2>4  ins. 

Cylinders. 

Diameter  of  cylinders    22  ins. 

Stroke  of  piston 28  ins. 

Horizontal  thickness  of  piston 5'/j  Ins. 

Diameter  of  piston   rod 4  ins. 

Valves. 

Kind  of  slide  valves Piston   type 

Greatest  travel  of  slide  valves 6  ins. 

Outside  lap  of  slide  valves 1  in. 

Inside  clearance  of  slide  valves %  In. 

Lead  of  valves  in  full  gear. 

Line  and  line  at  front,  with   '4 -in.  lead  at  one-quarter  cut-off 
Transmission    bar    With 

Wheels,  Etc. 

Number  of  driving  wheels    8 

Diameter  of  driving  wheels  outside  of  tire 57  ins. 

Thickness  of  tire    3  %  ins. 

Driving  box  materia! Main,  cast  steel ;    others,  steeled  cast  iron 

Diameter  and  length  of  driving  journals, 

914   ins.  and  0  ins.  diameter  x  12  ins. 
Diameter  and   length  of  main  crankpin   journals, 

(Main  side,  7%   ins.  x  4%   ins.)   7  Ins.  diameter  x  7  ins. 
Diameter  and  length  of  side-rod  crankpin  journals. 

(Intermediate,  5%  ins.  z  4%  ins.)  5%   Ins.  diameter  x  3%   ins. 

Engine  truck,  kind Two-wheel,  swing  bolster 

Engine  truck,  journals 6  ins.  diameter  x  10  ins. 

Diameter  of  engine  truck  wheels 33  ins. 

Kind  of  engine  truck  wheels. . .  .Cast-iron  spoke  center,  with  2%-in.  tire 

Boiler. 

Stylo    Straight 

Outside  diameter  of  first  ring 78  ins. 

Working  pressure 210  lbs. 

Material  of  barrel  and  outside  of  firebox Steel 

Thickness  of  plates  in  barrel  and  outside  of  firebox, 

9-16  in.,  %  in.,  %  in.,  13-16  in.,  %   in.  and  1  in. 

Firebox,  length   108  ins. 

Firebox,  width , 72%   ins. 

Firebox,  depth   Front,  79%  ins. ;    back,  68%    ins, 

Firebox,   material   Steel 

Firebox  plates,  thickness: 

Sides,  %  in. ;    back.  %   in. ;    crown,  %   in. ;    tube  sheet,  9-16  in. 
Firebox,  water  space.  .  .  .Front,  4%  ins. ;    sides,  414  ins. ;    back,  4^4  ins. 

Firebox,   crown   staying    Radial 

Tubes,   number    462 

Tubes,    diameter    2    ins. 

Tubes,   length  over  tube  sheets 15   ft. 

Firebrick,    supported   on Water    tubes 

Heating  surface,    tubes    3,605.8  sq.  ft. 

Heating    surface,    water   tubes 26.71  sq.  ft. 

Heating  surface,   firebox    195.06  sq.  ft. 

Heating    surface,   total    3,827.57  sq.  ft. 

Grate    surface    54.21  sq.  ft. 

Exhaust    pipes    Single 

Exhaust  nozzles   5^2  Ins.,  5%  ins.  and  6  ins.  diameter 

Smokestack,    inside   diameter    16   ins. 

Smokestack,  top   above   rail 15    ft. 

Tender. 

Weight,  empty   42,200  lbs. 

Wheels,    number    8 

Wheels,  diameter    33   ins. 

Journals,  diameter  and  length 5  ins.  diameter  i  9  ins. 

Wheel  base   16  ft.  10  ins. 

Tender  frame   Wood,  with  center  sills  of  steel 

Water  capacity 6,000  U.  S.  gals. 

Coal   capacity    12    tons 


THE    NEW    ROUNDHOUSE    AT    RENSSELAER. 


New   Yobk  Centbal  a  Hudson  Rivxb  Railboad. 


The  United  States  Geological  Survey  is  at  work  on  a  new  map 
of  the  Grand  Canyon  of  Arizona.  Considerable  progress  has 
been  made.  Some  of  the  lines  of  sight  between  triangulation 
stations  are  70  miles  long,  and  as  observations  can  only  be 
made  to  good  advantage  between  sunrise  and  9  A.  M.  or  be- 
tween 4  P.  M.  and  sunset  the  work  is  necessarily  slow.  The 
signals  flash  an  easily  deciphered  light  only  an  inch  sciuare  as 
far  as  from  Kendrick  Peak  to  Point  Sublime,  a  distance  of  68 
miles.  Accurate  elevations  have  been  established  on  the  Bright 
Angel  trail,  and  it  is  no  longer  necessary  to  guess  how  high  one 
is  above  sea  level.  It  is  now  known  that  from  the  rim  of  the 
south  wall  to  the  river  is  a  drop  of  4,430  ft.  at  Bright  Angel 
and  4,913  ft.  at  Grand  View,  while  from  the  north  rim  the  dis- 
tance is  several  hundred  feet  greater,  or  more  than  a  mile. 
Twenty  buildings  like  the  Masonic  Temple,  Chicago,  could  be 
superimposed  in  the  deepest  gorge  of  the  Grand  Canyon  with- 
out reaching  the  top. 


IIEATINO   AND  LIOUTINO   8V.STEMS. 

This  roundhouse  has  30  stalls,  and  will  have  50  when  in- 
creased facilities  are  required  at  this  point.  The  extension  is 
shown  in  dotted  lines  in  the  plan.  In  selecting  the  engravings 
an  effort  was  made  to  include  as  much  information  as  possible 
in  the  illustrations.  The  equipment  includes  shops,  store- 
house, oilroom,  office,  rest-room,  boiler-room,  and  facilities  tor 
handling  coal  and  ashes.  The  heating  system  is  especially  in- 
teresting, this  being  one  of  the  best  equipped  roundhouses  In 
this  respect  ever  built.     It  is  also  very  well  lighted. 

The  fans  draw  air  through  heater  coils  and  deliver  it  Into 
underground  ducts  at  the  outer  wall  of  the  building.  These 
ducts  decrease  in  cross-sectional  area,  as  indicated  in  the  en- 
gravings, in  order  to  secure  uniform  delivery  at  the  pits  which 
are  most  remote  from  the  fans.  Each  pit  opening  has  a 
thimble  and  damper,  and  the  locations  of  the  delivery  of 
heated  air  against  the  engines  and  teniiers  are  shown  in  the 
plan.  Instead  of  following  their  usual  practice,  the  contract- 
ors, the  B.  F.  Sturtevant  Company,  provided  unusually  large 
heating  surfaces  and  ample  fan  capacity,  with  a  view  to  venti- 
lating as  well  as  heating  the  building. 

Foj  convenience,  the  following  information  is  arranged  in  a 
table: 

Fans,  type Three-quarters  bousing 

Fans  diameter 10  ft. 

Fans,  width  of  housing 5  ft. 

Engines,  cylinders    10  by  12  Ids 

Engines,  nominal  horse-power 32 

Fan  discharge  (each  fan)  — 

At  140  revs,  per  min 62,000  cu.  ft.  per  min. 

At  160  revs,  per  min 70,000  cu.  ft.  per  min. 

Cubical  contents  of  30  stalls 847,600  cu.  It. 

Air  changed,  normally Eight  times  per  hour 

Area  inlet,  each  fan 4,320  sq.  in. 

Velocity  at  inlet 2,333  ft.  per  min. 

Combined  area  of  outlets 10  856  sq.  In. 

Velocity  at  outlets 933  ft.  per  min. 

Pressure  at  inlet %   oz. 

Pressure  at  outlets Less  than   %  oz. 

Heater  piping,  each  fan 11,080  ft.,  1-in.  pipe 

Steam  pressure  for  engines 80  lbs. 

Steam  pressure  for  heaters — live  steam 10  lbs. 

Heating  surface   (exterior)  of  22,160  ft.  of  1-in.  pipe 7.641  sq.  ft. 

Volume  of  building  per  square  foot  of  total  pipe  heating  surface, 

111   cu.   ft. 

Each  heater  consists  of  two  groups  of  five  sections  of  four 
rows  each,  containing  11,080  linear  feet  of  1-in.  pipe,  exclusive 
of  the  fittings.  Two  of  these  sections  are  arranged  to  receive 
the  exhaust  of  the  fan  engines  and  two  water-service  pumps, 
also  of  the  receiver  pump,  which  are  placed  in  the  fanhouse, 
and  the  other  sections  use  live  steam  piped  around  the  house 
from  the  boiler-room.  The  inlet  to  the  first  two  and  the  last 
three  sections  of  the  heater  groups  are  separated  by  blank 
flanges,  so  that  either  two,  three  or  five  sections  may  be  heated 
independently.  The  contractors  guarantee  the  heaters  to 
warm  all  parts  of  the  building  to  a  uniform  temperature  of  65 
degs.  when  the  outside  temperature  is  at  zero.  Tests  have  not 
yet  been  made,  but  the  guarantee  is  believed  to  be  fully  and 
amply  met.  Air  fiom  the  building  or  from  out  of  doors  may  be 
taken  through  the  heaters,  as  desired.  Roof  ventilators  and 
wooden  smoke  jacks  are  arranged  as  indicated  in  the  drawings. 
This  installation  sets  a  high  standard  in  the  heating  and  ven- 
tilation of  roundhouses. 

The  shops  and  offices  are  heated  by  live  steam  from  the 
boilers,  the  pressure  being  reduced  by  a  reducing  valve  at  the 
boiler  header.  The  radiators  provide  1  sq.  ft.  of  radiating 
surface  for  80  cu.  ft.  of  space  in  the  various  rooms,  the  pipe 
coils  being  of  l^i-in.  pipe.  Steam  is  supplied  by  three  water- 
tube  boilers  of  125  h.  p.  each,  furnished  by  the  Franklin  Boiler 
Works  Company,  of  Troy,  N.  Y.  The  stack  is  of  steel  plate, 
135  ft.  high,  and  of  the  self-sustained  type.  This  construction 
and  other  interesting  standards  of  roundhouse  construction  on 
this  road  will  be  presented  in  another  article. 

The  standard  method  of  roundhouse  lighting  of  this  road  Is 
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ARRANGEMENT   OF    HBATING   DUCTS    AND    DELIVERIES. 
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feeders  of  the  Albany  and  Hudson  Railway  and  Power  Com- 
pany. 

The  design  and  construction  of  the  heating  and  lighting 
were  carried  out  by  Mr.  Edwin  B.  Katte,  mechanical  engineer, 
under  the  direction  of  Mr.  W.  J.  Wilgus,  chief  engineer  of 
the  road. 


35 H 


ONE    OF    THB    FAN    HEATEB    UNITS. 

used  in  this  installation.  In  the  spaces  between  pits  are  three 
16  candle-power  pendant  lamps,  and  at  each  pit  is  a  plug  on 
one  of  the  posts,  to  which  a  portable  lamp  may  be  connected 
for  use  under  engines.  On  the  outer  wall  at  each  space  is  a 
four-point  snap  switch.  The  first  point  controls  the  lamp 
at  the  pilot  ends  of  the  engines;  the  second  point  controls  the 
other  two  pendant  lamps,  and  the  plug  is  in  circuit  at  all  Umes. 
This  plan  lights  the  passage  around  the  house  without  requir- 
ing all  the  lamps  to  be  lighted.  The  lamps  are  in  two-wire 
circuits  from  three-wire  alternating-current  feeders,  the  volt- 
age of  the  lamps  being  110.  Special  care  was  taken  in  the 
construction  of  the  flexible  cords,  and  the  lamps  are  protected 
by  aluminum  cages.     Current  for  lighting  is  taken  from  the 


Agitation  of  the  passenger-transportation  problem  in  New 
York  City  has  led  to  several  sensible  suggestions  for  relief 
from  crowding,  but  the  root  of  the  matter  has  not  yet  been 
reached.  It  is  wise  to  extend  third  tracks  and  separate  long 
and  short  distance  travel.  It  is  necessary  to  have  a  sufficient 
number  of  cars,  and  obviodsly.  enough  trains  must  be  run.  All 
of  these  things  are  perfectly  clear  even  to  the  office  boy  of  a 
railroad  officer,  and  such  conclusions  should  not  require  several 
lengthy  sessions  of  a  body  of  the  dignity  of  the  railroad  com- 
mission of  a  great  State.  When  these  improvements  have 
been  made,  there  yet  remains  the  most  serious  difficulty— that 
of  getting  passengers  into  and  out  of  the  cars  quickly.  It 
appears  that  the  primitive  construction  of  cars  with  end  doors, 
swinging  gates,  and  narrow  passages  for  entering  and  leaving, 
has  not  been  brought  to  the  attention  of  the  investigators.  To 
the  suggested  improvements  should  be  added  a  lesson  from  the 
method  of  the  Illinois  Central  in  handling  the  crowds  at  the 
Chicago  World's  Fair,  which  stands  to  this  time  as  the  most 
successful  transportation  of  large  crowds  of  passengers.  The 
New  Tork  situation  requires  the  application  of  the  principles 
of  that  method.    We  shall  have  more  to  say  upon  this  subject. 
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CORRESPONDENCE. 


THIRTY-TON    BOX   CAR   WITH  STEEL  UNDERFRAME. 


To  the  Editor : 

In  your  January  issue  there  appears  among  tlie  many  good 
things  a  description  of  a  box  ear  of  composite  type  of  construc- 
tion, differing  from  the  old  practice  in  the  substituting  of  steel 
sills  of  channel  section  for  those  of  wood.  Since  an  invitation  is 
extended  to  criticise  this  car.  the  conclusion  is  a  reasonable  one 
that  somebody  will  ask  the  why  and  wherefore  of  certain  features 
of  design. 

There  is  considerable  original  thought  in  this  design,  but  the 
question  presents  itself  as  to  why  the  channel  sills  in  connection 
with  intermediate  sills  and  trnss-rods  should  be  used,  if  reduc- 
tion of  dead  weight  was  a  desideratum,  as  calculation  seems  to 
show  that  there  is  a  difference  of  over  700  lbs.  in  favor  of  six 
wooden  sills  and  four  1%-in.  truss-rods.  The  tour  truss-rods 
would  be  sub,1ected  to  a  unit  .stress  of  about  0.000  lbs.,  with  no 
aid  whatever  from  the  sills,  while  the  two  ]%-in.  rods  would  have 
less  work  to  do.  since  the  channel  sills  would  carry  a  certain  per- 
centage of  the  load  and  thus  relieve  the  rods  to  that  extent, 
T'uder  these  conditions,  would  it  not  have  been  a  better  construc- 
tion to  use  pressed  steel  sills  of  a  fish-belly  section  without  rods, 
and  of  such  a  depth  as  to  give  a  correct  resisting  moment  for  the 
load?  If  weight  restrictions  stand  in  the  way.  this  construction, 
as  well  as  the  wooden  sills,  point  the  way  to  a  solution  of  the 
problem,  and  allows  some  metal  to  be  put  in  the  bolsters,  where 
it  is  too  often  needed.  The  arrangement  of  the  truss-rods  in  this 
car  could  not  be  improved  on  greatl.y,  as  they  are  disposed  so  as 
to  deposit  their  loads  on  the  bolsters  near  the  center  sills  and  thus 
give  a  minimum  bending  moment  on  the  bolsters ;  and  a  further 
evidence  that  the  designer  knew  the  triangle  of  forces  is  shovni  in 
the  location  of  the  orossties  so  as  to  have  a  short  diasronal  length 
in  the  truss-rods — an  arrangement  which  will  produce  the  lowest 
tensile  stress  in  the  rods.  The  center  sills  are  latticed  on  the 
top,  so  says  the  description  ;  at  this  I  marvel,  for  the  center  sills 
cannot  be  in  the  best  condition  to  resist  the  compression  stresses 
due  to  the  horizontal  component  of  the  truss-rod  load,  without 
being  latticed  on  both  top  and  bottom  sides.  If  this  proposition 
holds  for  static  loads,  what  about  buffing  strains,  which  are  be- 
lieved to  range  from  100,000  to  .S00,000  lbs.,  if  a  report  to  the 
Western  Railway  Club  on  tests  made  with  the  Westinffhouse  Dy- 
namometer car  hv  the  Lake  Shore  Railway  is  entitled  to  credence. 

A  further  examination  of  the  details  of  this  car  would  seem  to 
show  a  weak  body  bolster,  which  is  of  the  double  plate  type,  con- 
sisting of  a  top  and  bottom  member,  both  of  which  are  %  in. 
thick  by  12  ins.  wide,  between  which  is  a  '•{i  x  5-in.  plate  extending 
from  the  top  of  the  center  sills  to  the  lower  plate  of  the  bolster  at 
a  point  just  above  the  side  bearings.  The  function  of  this  narrow 
plate  being  apparently  that  of  a  strut  to  receive  the  thrust  of  the 
side  bearings,  although  it  does  afford  a  certain  relief  to  the  ten- 
sion in  the  upper  plate  of  the  bolster.  To  say  or  think  a  thing  is 
weak  carries  no  weight  if  proof  is  not  added  to  sub.stanti.Tte  the 
position. 

The  test  of  the  pencil,  based  on  an  assumed  light  weight  of  car 
at  32.000  lbs.,  minus  trucks  at  fi.OOO  lbs.  each,  gives,  with  the 
60,000  lbs,  rated  capacity  of  the  car,  a  load  of  80,000  lbs.  to  be 
sustained  by  the  bolsters. 

Assuming  again — and  these  figures  are  necessarily  assumptions, 
since  no  weight  is  given— that  the  light  weight  is  correct  and  that 
the  load  is  uniformly  distributed  on  one  half  the  bolster,  we  have 
8.521  lbs.  uniformly  distributed  load,  in  addition  to  which  there  is 
a  concentrated  load  of  9,040  lbs.  deposited  on  the  bolster  by  one 
truss-rod.  These  loads  produce  a  combined  bending  moment  of 
237,735  in.  -  lbs.  with  a  resulting  tensile  unit  stress  of  about  8,000 
lbs,  in  the  upper  plate  of  the  bolster,  which  would  be  safe  if 
backed  by  a  lower  plate  of  proper  rigidity,  but  the  lower  plate  has 
a  danger  zone  between  the  side  bearing  and  lower  flange  of  the 
center  sills,  for  a  distance  of  practically  18  ins.,  and  this  y2-in, 
lower  member  is  therefore  subjected  to  a  compression  unit  stress 
of  8,780  lbs.  Authorities  on  strength  of  materials  tell  us  that 
the  greatest  safe  load  in  compression  for  a  column  of  steel  of 
about  70,000  tensile  strength  should  not  exceed  7.000  lbs.  for  a 
ratio  of  Z  -=-  r,  in  which  I  =  length  of  column  and  »•  =  least  radius 
of  gyration — the  column  supposed  to  have  fixed  ends.  Calculated 
on  this  basis,  the  bolsters  would  scarcely  carry  their  static  load 
free  from  the  side  bearings.     Perhaps  that  ims  the  latent  of  the 


designer;  if  so,  investigation  of  the  problem  would  be  "love's 
labor  lost" ;  but  it  will  not  be  out  of  place  to  say  that  many 
good  designers  have  aimed  to  produce  a  bolster  that  would  stand 
alone  and  thus  decrease  curve  resistance,  always  seeking  to  reduce 
dead  weight  in  any  other  detail  of  a  car  rather  than  have  a  weak 
bolster. 

There  are  some  novel  things  about  this  car,  but  the  thought 
presents  itself  that  if  steel  is  a  good  thing — and  no  one  will  say 
that  it  is  not — in  the  under-framing,  why  not  follow  out  the  metal 
idea  to  its  logical  conclusion  and  build  a  standard  steel  box  car, 
as  is  now  looked  upon  favorably  by  many  progressive  car  designers. 
It  is  to  be  hoped  that  sufficient  force  of  opinion  will  be  brought  to 
bear  in  this  question  to  soon  break  through  the  hard  shell  of  con- 
servatism in   which  it  has  been  too  long  enveloped. 

O,   H,   REYNOLDS. 


To  the  Editor: 

With  regard  to  the  30-ton  box  car  designed  by  Mr.  George  I. 
King  and  illustrated  in  the  January  number  of  the  .\merican  En- 
gineer .\ND  Railroad  .Journal,  I  wish  to  submit  the  following : 

Structural  steel  underframing  has  been  considered  many  times 
with  a  view  of  having  one  design  answer  for  the  vjvrious  types  of 
freight  cars.  This  is  a  very  good  scheme,  and  would  probably 
serve  some  roads  very  well,  where  they  wished  to  have  the  fewest 
possible  number  of  different  designs  and,  consequentl.y,  have  to 
carry  the  least  number  of  different  parts  in  stock,  being  at  the  same 
time  those  of  a  standard  section  which  can  easily  be  secured  on  the 
market.  One  other  good  feature  of  standard  sections  is  that  there 
need  be  no  unnecessary  delay  in  getting  material  for  the  construc- 
tion of  these  cars,  as  no  special  machines  are  required  in  preparing 
material  or  constructing  them  in  any  car  works.  They  can  very 
easily  be  constructed  in  the  car  shops  of  any  railroad ;  hence  the 
ease_  with  which  the  car  may  not  only  be  constructed  but  repaired. 
The  best  feature  in  the  construction  where  truss-rods  are  used 
is  a  minimum  weight  of  car  for  the  load  carried.  If  all  of  these 
goods  points  are  to  be  maintained  without  serious  weakness  enter- 
ing into  the  construction,  we  will  have  attained  a  good  purpose. 

Considering  the  steel  underframe  shown  in  the  Januar.y  issue  of 
your  journal,  the  weakest  point  of  this  design  is  the  body  bolster. 
It  is  not  rigid  enough  to  transfer  the  load  of  the  side  sills  to  the 
center  plate.  The  lower  member  of  the  bolster  is  brought  up  to  the 
upper  member  as  it  leaves  the  center  sill.  While  it  may  be  neces- 
sary to  do  this  to  provide  clearance  below  the  bolster,  and  is  allow- 
able to  some  extent,  and  yet  maintain  sufficient  strength,  in  this 
construction  we  have  oi^  the  resistance  of  two  ^,4-in.  x  12-in, 
plates  to  sustain  the  load  on  the  side  silLs,  Probably  a  better  con- 
struction would  be  to  carry  the  lower  member  horizontally  from  the 
center  sill  to  the  side  sill,  or  as  nearly  horizontal  as  allowable  for 
clearance.  It  would  then  be  necessary  to  stiffen  the  lower  member 
to  prevent  buckling:  this  could  be  done  by  bolting  the  two  plates 
together  above  the  side  bearing,  using  a  distance  piece  or  ferrule 
between  the  upper  and  lower  members. 

The  manner  of  securing  the  ends  of  the  truss-rods  to  the  bolster 
is  a  little  weak.  While  the  size  of  the  rivets  is  not  given,  it  would 
be  necessary  to  use  two  %-in,  rivets ;  even  then  this  would  not  be 
a  secure  fastening,  as  the  rivets  might  tear  through  either  the  plate 
or  strap,  or  the  heads  might  snap  off.  A  better  way  to  secure 
these  straps  would  be  to  rivet  them  on  the  top  of  the  bolster  instead 
of  on  the  bottom. 

The  gusset  plates  at  the  end  of  the  frame,  which  are  turned  up 
to  act  as  stops  for  the  end  of  the  car  body,  would  constitute  a 
good  arrangement,  provided  it  were  possible  to  hold  the  body  down 
tight  against  the  gusset  plates.  As  this  is  impossible,  it  would  be 
only  a  short  time  before  these  plates  would  be  battered  out,  allow- 
ing the  end  of  the  car  to  follow.  A  shifting  load  would  bring  this 
about  very  rapidly.  It  would  be  best  to  have  cast  pockets  for  the 
bases  of  the  end  posts  and  braces.  The  pockets  could  be  well 
fastened  to  the  sills,  thus  preventing  the  ends  from  bulging  out, 
and  they  would  also  strengthen  the  end  of  the  car  body  laterally. 

If  we  consider  the  comer  of  the  frame,  as  regards  strength  for 
poling,  we  find  that  we  can  depend  only  on  the  side  sill  and  diag- 
onal angle.  The  light  end  sill,  which  is  a  14-in,  pressed  "Z"  bar, 
will  not  be  in  .service  long  before  its  properties  as  a  compression 
member  will  have  been  destroyed.  If  the  angle  brace  becomes  the 
least  amount  bent,  it  cannot  be  depended  on,  so  we  have  only  the 
side  sill  left.  When  poling  with  a  heavy  engine,  and  the  pole  is 
at  an  angle  greater  than  45  degs.  with  the  center  line  of  the  car, 
and  any  of  the  members  are  distorted,  we  probably  would  find  that 
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the  sal'o  stress  liiiiiL  would  be  exceeded  in  tlie  membeis.  A  bellcr 
construction  for  llie  corner  would  be  to  replace  llie  prescnl  end  sill 
with  one  mucb  ln'iivier,  luiil  nm  the  diiigoniil  brace  from  llie  guss<'l 
lilate  at  the  end  o£  the  center  sills  to  the  end  of  the  bolster.  This 
WDiild  change  the  brace  from  compression  to  tension,  and  could  be 
counkMl  on,  even  (hough  badly  distorted.  It  would  also  assist  in 
taking  the  lateral  drawbar  pressure  in  curving.  The  heavy  end  sill 
will,  in  addition,  strengthen  the  frame,  and  the  angle  will  assist  the 
gusset  plate  over  the  body  bolster. 

When  the  load  of  the  car  is  of  such  a  nature  as  to  throw  more 
weiglit  on  the  side  than  on  the  center  sills  wc  get  a  partial  eijualiii- 
atiou  through  the  crossbearer  to  the  truss-rods.  But  when  the 
excess  of  the  load  is  on  the  center  sills  we  cannot  count  on  much 
assistance  from  the  side  sills,  for  the  crossbearer  is  hung  to  each 
of  the  side  sills  by  two  rivets.  While  the  rivets  are  in  good  con- 
dition they  may  assist  some,  but  their  strength  cannot  be  depended 
on,  as  the  framing  is  so  flexible  that  when  it  is  laterally  distorted 
there  is  imposed  upon  these  rivets  sevei'e  alternating  strains,  which 
will  readily  impair  their  strength  and  likely  rupture  them  in  time. 

Winn  we  <onsider  the  steel  underfraine  for  a  fiat  or  gondola  car. 
ue  li.iM'  ;il  limes  very  different  coudilions  to  deal  with  from  those 
of  a  box  or  stock  car,  one  of  which  is  a  concentrated  load.  If  we 
consider  a  concentrated  load  applied  across  the  sills,  the  maximum 
allowable  load,  within  safe  limits  would  be  32,000  lbs.,  which  is 
not  up  to  the  rated  capacity  of  the  car.  If  the  load  exceeds  this 
limit,  we  will  have  a  very  large  deflection  and  likely  a  permanent 
set  in  the  sills,  causing  an  injury  to  the  framing.  Again,  when 
ihe  load  is  of  the  above  nature  and  immediately  over  the  center 
sills,  the  only  assistance  obtained  from  the  side  sills  is  through  the 
rivets  fastening  them  to  the  crossbearer.  Since  these  rivets 
I'annot  be  relied  on,  we  receive  no  assistance  from  the  side  sills, 
allowing  the  center  sills  to  take  the  whole  load.  Even  when  the 
load  is  entirely  distributed  the  side  sills  will  deflect  more  than  the 
(■enter  sills,  as  they  receive  the  least  support  from  the  truss-rods. 

In  trying  to  maintain  one  design  of  underframing  for  the  various 
lype."!  of  cars  there  are  two  things  we  lose:  first,  the  underframe 
for  a  box  or  stock  car  need  not  be  as  heavy  as  that  of  a  flator 
gondola  car  of  the  same  rated_  capacity ;  second,  we  have  the 
chance  of  lightening  the  weight  of  the  gondola  by  making  the  sides 
iiassist  the  side  sills  in  carrying  their  portion  of  the  load.  If  we 
wish  the  last  advantage  referred  to.  it  is  necessary  that  the  side 
sill  should  be  immediately  under  the  sides.  While  we  might  be 
able  to  use  the  same  sills  as  in  the  framing  for  the  box  and  stock 
cars,  yet  the  spacing  of  the  sills  would  be  changed,  thus  changing 
the  bolster  and  crossbearers.  There  is  another  feature  which 
conld  be  varied  to  advantage,  by  having  individual  framing  for  tlie 
various  chisses  of  cars.  In  the  box  and  stock  car  construction 
the  end  sills  are  usually  very  close  to  or  immediately  under  the 
end  of  the  car  body,  while  in  the  framing  for  gondola  cars  it  is 
necessary  to  have  the  end  sill  outside  of  the  end  of  the  car  body. 
This  will  increase  tlie  length  of  the  sills,  or  else  we  lose  in  the 
volume  of  the  car,  which  can  hardly  be  afforded,  as  it  impairs  its 
carrying  capacity.  Thus  we  see  the  impracticability  of  endeavor- 
ing to  use  one  underframe  for  all  kinds  of  freight  cars,  but  we  may 
nevertheless  use  standard  rolled  sections  for  each  design  of  under- 
framing.  In  the  particular  design  referred  to  there  has  been  too 
much  sacrifice  of  strength  and  rigidity  througliont  to  gain  lightness 
of  weight  in  the  car.  While  this  underframing  might  do  for  a  box 
or  stock  car  with  a  few  alterations,  it  is  entirely  too  weak  to  stand 
the  severe  strains  which  would  be  imposed  upon  it  if  used  for  n 
gondola   or  flat  car.  R.   N.   KENXINGTON. 


Mr.  George  F.  Wilson,  who  for  twelve  years  has  been  super- 
intendent of  motive  power  of  the  Chicago,  Rock  Island  & 
Pacific,  has  resigned  and  is  succeeded  by  Mr.  M.  K.  Barnum. 
Mr.  Wilson  begun  service  with  this  road  as  assistant  general 
master  mechanic  in  1889.  He  was  made  general  master  me- 
chanic in  the  same  year  and  superintendent  of  motive  power 
in  1891,  and  has  a  reputation  second  to  none  among  motive 
power  officials.  Mr.  Barnum  entered  the  service  of  the  Union 
Pacific  as  master  mechanic  in  1890,  after  having  been  con- 
nected with  the  Santa  Fe  and  the  Louisville  &  Nashville.  He 
recently  resigned  to  accept  the  position  of  assistant  mechan- 
ical superintendent  of  the  Southern  Railway,  which  he  now 
leaves  to  take  up  his  new  duties  in  Chicago. 


NEW    LOCOMOTIVE    SHOPS. 


READING,  PA. 
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II. 


LfJCOMOTIVE   SHOP. 


The  skill  of  the  architects  has  relieved  these  large  buildings 
of  the  flat  and  unattractive  appearance  of  the  ordinary  con- 
struction of  railroad  shops.  This  is  seen  in  the  present  en- 
gravings and  in  the  photographs  presented  in  the  January 
number.  This  description  concerns  the  main  or  locomotive- 
shop  building.  It  is  of  modern  steel-skeleton  construction, 
with  17-in.  brick  walls  and  8Vi  x  38-in.  pilasters  between  the 
windows.  The  walls  are  on  concrete  footings  and  are  tied  to 
the  steel  columns,  which  are  otherwise  entirely  independent  of 
the  walls.  This  building  has  three  bays,  with  two  rows  of 
intermediate  columus  at  20-ft.  centers,  this  being  the  distance 
between  the  centers  of  the  shop  pits. 

Steelwork. — The  steelwork  is  substantial,  and  unusual  accu- 
racy was  required  in  its  construction  and  fitting.  The  wall  and 
intermediate  columns  are  very  nearly  alike  up  to  the  crane 
girders.  They  are  built  up  of  two  plate  and  angle  channels, 
with  a  double  lacing  of  2%  x  V<-m.  bars.  Each  column  is  an- 
chored to  a  concrete  granite  capped  pier,  the  concrete  being  of 
1  part  Portland  cement,  2  parts  of  sand  and  5  of  broken  stone 
(to  pass  a  2-in.  ring).  The  column  footings  and  caps  are  milled 
to  secure  a  good  surface.  Upon  the  tops  of  these  columns  rest 
4-ft.  plate  girders  for  the  heavy  cranes.  The  crane  rails  rest 
on  top  of  the  girders,  which  are  in  20-ft.  spans,  with  Vi-in-  ex- 
pansion spaces,  one  end  of  each  span  being  fixed  and  the  other 
piovided  with  a  specially  designed  expansion  connection  which 
insures  the  stiffness  required  for  so  heavy  a  runway.  The 
rails  for  the  120-ton  cranes  weigh  150  lbs.  per  yard.  Those  of 
the  35  and  10-ton  cranes  weigh  85  and  70  lbs.  respectively, 
and  these  are  supported  on  brackets  from  ..--  .^itermediate 
and  wall  columns.  Specially  strong  construction  was  required 
for  the  heavy  rolling  loads. 

Roofs. — This  building  has  three  separate  roofs.  The  inter- 
mediate columns  carry  the  ends  of  the  machine-shop  roof 
trusses,  and  extensions  from  the  ends  of  these  trusses  carry 
the  inner  ends  of  the  trusses  over  the  erecting  bays.  The  wall 
columns  have  extensions  in  the  brick  walls  to  carry  the  outer 
ends  of  these  trusses.  Purlins  and  bracing  connect  the  trusses 
and  carry  the  ventilating  monitors. 

Roofing. — Hemlock  boards,  1  by  8  ins.,  form  the  basis  for  the 
roofing.  These  are  covered  by  4-ply  overlapping  roofing  felt 
laid  in  cement.  As  a  minimum,  70  lbs.  of  felt  were  required 
per  100  sq.  ft.  of  roof.  Cement  was  spread  over  this,  with  a 
minimum  of  10  gals,  (including  that  between  the  layers  of 
felt)  per  100  sq.  ft.  of  roof.  Over  this  is  an  outer  covering  of 
crushed  roofing  slag. 

Glazing. — The  side  windows  are  in  three  p&.rts.  At  the  top 
is  a  stationary  semi-circular  sash  with  a  radius  of  57  ins.  Be- 
low that  is  a  three-section  window  with  rectangular  sash, 
double-hung.  The  third,  or  lowest  section,  is  stationary.  At 
the  end  of  the  building  is  a  similar  window  arrangement.  In 
the  sides  of  the  roof  monitors  the  sash  are  pivoted  in  the 
center,  and  so  also  are  those  in  the  walls  over  the  intermediate 
crane  girders,  but  here  only  alternate  sash  are  pivoted. 

Floor. — Except  at  the  pits  which  are  of  concrete  the  entire 
floor  of  this  building  has  a  base  of  bituminous  concrete  com- 
posed of  cinders  and  No.  4  coke-oven  composition,  in  the  pro- 
portion of  1  gal.  to  1  cu.  ft.  of  cinders.  This  was  laid  hot  and 
well  rammed.  In  this  6  by  6-ln.  yellow  pine  fioor  stringers  are 
embedded  at  4  and  5-ft.  centers.  These  are  covered  with  an 
under-floor  of  hemlock   plank,   surmounted   by   l^is    by   4-in. 
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ENLARGED     SECTION     THROUGH    PIT     WALLS. 


square  edge  maple  flooring.     The  floor  boards  are  not  tongued 
on  the  edges,  which  renders  it  easy  to  malie  repairs. 

The  locomotive  shop  combines  under  one  roof  two  69-ft. 
erecting  bays,  with  35  pits  each,  and  a  central  CO-ft.  machine- 
shop  bay,  the  building  being  740  by  204  ft.  The  pits  are  45  ft. 
long,  with  a  space  of  10  ft.  to  the  outer  wall  and  15  ft.  to  the 
intermediate  crane  columns.  The  pits  are  2  ft.  6  ins.  deep  and 
4  ft.  wide.  They  are  of  concrete,  with  crowned  bottoms.  The 
p.cs  drain  longitudinally,  the  entire  plant  being  drained  to  40 
and  50-ft.  wells  to  natural  fissures  in  the  underlying  rock,  lead- 
ing eventually  to  the  Schuylkill  River.  All  pipes  and  electric 
cables  enter  the  building  from  the  power-house  in  a  large 
tunnel,  the  location  of  which  beneath  the  shop  floor  is  indi- 
cated in  the  large  plan.  This  will  be  illustrated  in  detail  later. 
In  the  main  tunnel  the  cables  are  placed  in  conduits  of  vitrified 
clay.  This  main  tunnel  extends  across  the  shop,  to  carry  the 
piping  to  fanhouses  on  the  west  side.      Smaller  tunnels  open 
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DETAILS  OF  COLUMNS  AND  TRACK  SUPPORTS  FOR  CRANES. 

LOCOMOTIVE     SHOPS     AT     READING. — PHILADELPHIA     &       READIXG 


RAILWAY. 


into  the  main  tunnel  and  extend  the  entire  length  of  the  shop 
on  both  sides  at  the  inner  ends  of  the  locomotive  pits.  Cast- 
iron  cover-plates  are  placed  over  the  tunnels  at  intervals  indi- 
cated in  plan.  Each  pit  is  supplied  with  water  and  air  piping, 
all  of  which  is  protected  and  out  of  the  way.  yet  entirely 
accessible. 

Excellent  crane  service  is  provided,  the  shop  being  sufficient- 
ly high  for  the  double-deck  arrangement  on  the  erecting-shop 
sides.  For  convenience  the  general  features  of  the  various 
cranes  in  this  shop  are  condensed  into  the  table  on  page  SH. 

As  explained  in  the  previous  article,  the  lower  crane  run- 
ways of  the  west  side  erecting-shop  bay  extend  over  a  dwarf 
wall  into  the  boiler  shop.  The  boiler-shop  3.5-ton  crane,  or  that 
of  the  erecting  shop  of  the  same  capacity,  may  lie  run   from 


but 


one  shop  into  the  other — a  most  convenient  arrangement, 
one  which  is  advantageous  chiefly  for  the  west  bay. 

An  excellent  idea  of  the  appearance  of  the  interior  of  this 
building  was  given  by  the  large  photograph  on  page  11  of  our 
January  number.  A  generous  area  of  glass  in  the  windows 
and  roofs  gives  a  uniform  distribution  of  natural  light.  The 
floors  are  entirely  unobstructed  by  anything  that  will  interfere 
with  the  use  of  the  valuable  floor  space  or  with  the  cranes.  In 
the  engravings  just  referred  to  will  be  found  cast-iron  racks 
with  wide  cross-arms  to  support  cabs,  while  below  these  are 
other  arms  for  the  storage  of  pipes,  rods  and  other  fittings,  to 
keep  them  off  the  floor.  This  view  also  shows  the  method  of 
supporting  the  group  motors  upon  cast-iron  brackets.  Other 
brackets,  of  steel  plate,  extend  from  the  intermediate  columns 
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toward  the  center  o£  th.e  machine  shop  to  support  the  shafting. 

At  the  northwest  corner  of  the  locomotive  shop  is  the  clean- 
ing pit,  in  a  small  building  reached  by  the  end  track  of  the 
large  shop.  This  building  is  shown  in  engravings  which  are 
intended  to  be  so  complete  as  to  be  self-explanatory. 

Seven  fanhouses  outside  of  the  shop  provide  for  the  heating 
fans,  which  are  driven  by  induction  motors  connected  by 
chains.  The  underground  air-ducts  serve  as  intakes  for  the 
fans,  taking  air  from  openings  under  each  window  and  con- 
ducting it  to  the  fanhouses.  The  fans  deliver  the  air  directly 
into  the  shop  through  large  rectangular  openings  through  the 
walls,  and  without  the  usual  distributing  conduits,  the  heated 
air  being  delivered  into  the  shop  through  seven  large  openings. 
This  shop  is  provided  with  four  washrooms  of  lean-to  con- 
struction, located  over  the  fan-ducts  and  adjacent  to  fanhouses. 

The  other  buildings  will  be  described  in  another  article. 


THE    COMPARISON    OF    LOCOMOTIVES. 


Extension  of  the  "BD"  Method  to  Co.MrouNO  Locomotives. 


BY    L.\WF0RD    H     FRY. 


Considerable  effort  is  being  made  at  the  present  time  to 
settle  upon  a  method  for  comparing  the  proportions  of  loco- 
motives, which  shall  be  both  simple  and  accurate,  and  which 
can  be  advantageously  adopted  as  a  standard.  The  chief 
requirement  is  a  quantity  which  can  be  readily  found  from 
the  general  dimensions  of  a  locomotive  and  which  will  serve 
as  a  measure  of  the  relation  existing  between  the  capacities 
of  the  boiler  and  the  cylinders.  A  quantity  which  thus  meas- 
ures the  relation  of  steam  production  to  steam  consumption 
will  be  a  measure  of  the  steaming  capacity  of  the  locomotive, 
and  in  the  American  Engineer  for  October,  1902,  page  313, 
the  present  writer  suggested,  as  a  steaming  capacity  factor 
of  this  kind,  the  quantity  given  by  the  expression- 
Maximum  cylinder  tractive  effort  X  driving  wheel  diameter  ,j. 
Heating  surface 

This  quantity  was  called  "BD,"  B  representing  the  ratio  of 
cylinder  tractive  effort  to  heating  surface,  and  D  represent- 
ing the  driving-wheel  diameter.  The  previous  article  anal- 
yzed the  value  of  this  capacity  factor  BD  in  the  comparison  of 
single-expansion  locomotives,  and  it  is  now  proposed  to  ex- 
tend the  analysis  to  cover  compounds. 

In  estimating  the  value  of  any  constant  of  comparison,  such 
as  "BD,"  two  points  are  important,  viz:  that  the  constant 
shall  be  determined  by  the  minimum  of  calculation  and  that 
the  results  obtained  from  its  application  shall  have  the  max- 
imum of  accuracy,  fhe  capacity  factor  "BD"  has  claims  for 
reasonable  consideration  on  both  of  these  points,  and  in  addi- 
tion it  harmonizes  well  with  the  commonly  used  ratios  of 
aahesive  weight  to  cylinder  tractive  effort,  and  of  heating  sur- 
face to  grate  area.  These  two  ratios  bring  under  considera- 
tion the  four  fundamental  factors  of  the  locomotive: 

1.  Adhesive  weight. 

2.  Cylinder  tractive  effort. 

3.  Heating  surface. 

4.  Grate  area. 

As  the  ratios  of  the  first  of  these  dimensions  to  the  second 
and  of  the  third  to  the  fourth  are  in  common  use  in  measuring 
the  proportions  of  locomotives  it  seems  only  natural  to  in- 
quire whether  the  ratio  of  the  second  to  the  third  will  not 
serve  as  the  required  measure  of  the  relation  existing  between 
the  heating  surface  and  the  cylinder  power.  Investigation  of 
this  question  shows  that  the  ratio  of  the  cylinder  tractive 
effort  to  the  heating  surface  (ratio  denoted  by  B)  multiplied 
by  the  driving  wheel  diameter  (D),  that  is  to  say  the  factor 
"B  D,"  gives  for  every  locomotive  a  constant  of  the  proper 
form  to  stand  as  a  measure  of  the  important  relation  of  heat- 
ine  surface  to  cylinder  power.     As  stated  above,  this  relation 


determines  the  steaming  power  of  the  locomotive  and  the 
quantity  "B  D"  may  therefore  be  called  the  steaming  capacity 
constant  or  capacity  factor  of  a  locomotive. 

The  exact  analysis  of  the  quantity  B  D  and  the  figures  ob- 
tained from  actual  engines  of  all  classes  show  that  a  locomo- 
tive having  a  low  value  of  the  capacity  factor  "B  D"  is  suit- 
able for  high  speed  service,  while  a  high  value  of  the  capacity 
factor  points  to  the  locomotive  having  been  designed  for  low- 
speed  service.  Or  interpreting  the  figures  in  another  way:  if 
two  or  more  locomotives  are  running  at  the  same  speed  and 
under  similar  cylinder  conditions,  a  locomotive  with  a  high 
value  of  the  capacity  factor  "B  D"  will  be  working  at  a  high 
rate  of  evaporation,  that  is,  under  less  economical  conditions 
and  with  a  smaller  margin  of  reserve  power  than  a  locomotive 
with  a  lower  value  of  the  capacity  factor.  At  equal  speeds  and 
under  similar  cylinder  conditions  the  rates  of  evaporation  are 
proportional  to  the  respective  values  of  the  capacity  factor 
"B  D."  The  speed  referred  to  here  is  the  rate  of  rotation  of 
the  driving  wheels  (revolutions  per  minute)  and  it  is  interest- 
ing to  note  that  when  the  linear  speeds  (miles  per  hour) 
are  the  same  the  rates  of  evaporation  are  then  proportional  to 
tne  respective  values  of  the  ratio  B. 

Before  going  further  it  may  be  well  to  emphasize  the  fact 
that  a  high  value  of  the  capacity  factor  B  D  indicates  a  low 
steaming  capacity,  so  that  for  free  steaming  a  low  value  of  the 
factor  is  desirable.  It  may  be  thought  that  it  would  have  been 
better  to  have  chosen  a  factor  which  was  directly  proportional 
to  the  steaming  capacity  instead  of  using  the  factor  B  D, 
which  is  inversely  proportional  to  the  capacity.  This  would, 
however,  add  to  the  amount  of  calculation  required  in  de- 
termining the  factor  from  the  dimensions,  or  would  involve 
the  use  of  a  factor  which  was  a  very  small  decimal.  The  factor 
B  D  was  therefore  suggested,  and  when  once  its  meaning  has 
been  grasped  it  does  not  seem  that  there  need  be  any  particular 
difficulty  in  remembering  that  a  low  value  of  the  factor  B  D 
indicates  a  large  steaming  capacity,  and  vice  versa^  The  exact 
relations  existing  between  the  value  of  "B  D,"  the  rate  of  evap- 
oration, the  cylinder  economy,  and  the  speed  will  be  shown 
by  the  following  analysis. 

Take  the  case  of  a  locjWnotive,  either  compound  or  single  ex- 
pansion, running  steadily,  all  the  steam  produced  by  the  boiler 
being  consumed  by  the  cylinders.  Then  if  the  boiler  has  S 
square  feet  of  heating  surface  and  the  rate  of  evaporation  is 
b  pounds  of  water  per  square  foot  of  heating  surface  per  hour, 
the  total  hourly  evaporation  is  b  S  pounds  of  water.  Let  the 
engine  be  running  at  r  revolutions  per  minute,  corresponding 
to  V  miles  per  hour,  and  let  the  available  cylinder  tractive 
effort  be  p  T,  where  T  is  the  maximum  available  cylinder  effort 
as  calculated  by  the  usual  formula  and  p  is  a  percentage  factor, 
which  is  dependent  on  the  speed  and  which  reduces  the  avail- 
able tractive  power  as  the  speed  increases.    Then  the  available 


horse-power  developed  is 


pTV 


rD 


y,.g  -,  or  putting  -ggg-  for  V,  the  ex- 


pTrD 
pression  for  the  horse-power  becomes    loa  oTmT  '  ^'^^  '^  ^^^  '°°°' 

motive  consumes  h  pounds  of  water  per  available  horse-power 

.       pTrDh 
per  hour,  the  total  hourly  consumption  is     j.-,„  ...     pounds  of 

water.     Then  equating  this  with  the  expression  found  for  the 
total  hourly  evaporation 

pTrDh 

Hmoo 

and  collecting  to  the  left-hand  side  of  the  equation  those  terms 
consisting  of  dimensions  of  the  locomotive 
rD  _  i:i6.000  b 
~S"    "      prh 


US  = 


but -J,-  is  denoted  by  B  so  that 
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126,000  ' 
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By  means  of  this  expression  the  statements  made  above  in 
regard  to  the  properties  of  "B  D"  can  be  substantiated. 

The  value  of  p,  that  is  the  percentage  of  the  maximum  cylin- 
der tractive  effort  which  is  available  at  the  speed  r,  falls  as  r 
increases,  but  the  rate  of  variation  depends  largely  on  the  type 
of  cylinders,  and  on  the  cutoff  at  which  the  engine  is  worked. 
In  the  case  of  compound  cylinders  the  fall  of  p  with  increasing 
speed  is  much  less  rapid  than  with  single  expansion  cylinders. 
The  report  of  the  American  Railway  JMaster  Mechanics'  Asso- 
ciation for  1897  gives  much  information  with  regard  to  the  re- 
lation between  r  and  p  at  various  cut-offs.  Under  ordinary 
running  conditions  the  value  of  the  product  p  r  (and  hence  the 
horse-power  of  the  locomotive)  increases  with  the  speed  r. 
Now,  from  expression  (2)  it  is  obvious  that  for  the  same 
speed  and  cylinuer  conditions  (p,  r  and  h  constant)  the  rate  of 
evaporation  b  is  directly  proportional  to  the  capacity  factor 
"B  D,"  so  that  of  two  engines  under  similar  conditions  tliat 
engine  having  the  lowest  capacity  factor  will  be  working  with 
the  lowest  rate  of  evaporation,  that  is  to  say,  under  the  most 
favorable  boiler  conditions.  For  locomotives  which  are  to  work 
at  the  same  speed  and  with  similar  cylinder  conditions  a  low 
value  of  the  capacity  factor  represents  to  free  steaming  and  a 
good  margin  of  reserve  boiler  power.  Further,  in  the  case  of  loco- 
motives with  similar  cylinders  the  water  consumed  per  horse- 
power per  hour  (b)  will  be  dependent  on  the  cut-off  rather 
than  on  the  speed,  so  that  with  the  same  cut-oft  and  the  same 
rate  of  evaporation  (h  and  b  constant)  the  locomotive  with  the 
lowest  value  of  B  D  will  be  capable  of  the  highest  speed.  This 
follows  from  expression  (2)  and  is  very  clearly  donfirmed 
when  the  figures  for  actual  locomotives  are  examined.  The 
results  of  compiling  a  number  of  such  figures  are  shown  in 
Table  1.  In  the  Americ.vn  ENiiixEER  for  October,  1902,  page 
314,  were  given  the  results  of  an  examination  of  the  values  of 
the  capacity  factor  "B  D"  tor  79  single-expansion  locomotives, 
and  to  these  are  now  added  the  figures  for  45  Vauclain  four- 
cylinder  and  28  two-cylinder,  in  all  73,  compound  locomotives. 

In  analyzing  these  figures  it  was  necessary  to  separate  the 
locomotives  according  to  the  speed  for  which  they  were  de- 
signed. This  was  a  somewhat  difficult  problem,  and  the 
method  adopted  can  only  be  considered  approximate.  The  en- 
gines have  been  grouped  according  to  the  arrangement  of 
their  wheels.  Prairie,  Atlantic,  and  American  (2-6-2,  4-4-2, 
and  4-4-0)  type  engines  have  been  classed  as  high  speed,  while 
Consolidations.  Mastodons,  and  Moguls  (2-8-0,  4-8-0  and  2-6-0) 
are  classed  as  low  speed,  the  ten-wheelers  (4-6-0)  having  the 
medium  place. 

Objections  may  be  raised  to  this  method  of  grouping,  and  it 
is  certainly  not  perfect,  as  many  of  the  10-wheelers  have  been 
designed  for  high  speed  service,  but  after  due  consideration  it 
seemed  to  have  fewer  disadvantages  than  any  other  method 
which  suggested  itself. 

The  actual  values  found  for  the  capacity  factors  bear  out  the 
conclusions  arrived  at  theoretically,  and  whether  the  maximum, 
the  minimum  or  the  mean  values  of  '  BD"  are  examined  it  is 
seen  that  for  all  types,  whether  single  expansion  or  compound, 
the  value  of  the  capacity  factor  for  high  speed  is  lower  than 
for  medium,  and  the  value  for  medium  is  lower  than  for  low 
speed,  as  was  to  be  expected  from  the  theoretical  reasoning. 

For  purposes  of  ready  comparison  the  mean  values  of  the 
capacity  factors  are  given  in  Table  2  in  round  numbers,  for 
single  expansion  and  for  both  2  and  4-cylinder  compounds.  It 
will  be  noticed  that  the  values  of  "BD"  run  lower  for  the  com- 
pounds than  for  the  single  expansion  engines.  This  is  note- 
worthy because  in  view  of  the  tact  that  the  water  consumed 
per  horse-power  per  hour  (h)  is  considerably  less  for  a  com- 
pound than  for  a  single  expansion  engine,  it  might  have  been 
thought  that  "BD"  would  have  been  larger  for  the  compounds. 
The  lower  value  of  the  capacity  factor  is  undoubtedly  due  to 
the  fact  that  the  drop  in  available  cylinder  tractive  effort  is 
less  rapid  for  compound  than  lor  single  expansion  cylinders. 


This  coupled  with  the  fact  that  live  steam  Is  admitted  to  both 
cylinders  on  starting  a  compound  locomotive  permits  the  use 
of  compound  cylinders  showing  a  lower  maximum  tractive 
effort  as  calculated  from  the  formula,  than  would  be  required 
of  single  expansion  cylinders  for  the  same  service.  Referring 
to  equation  (2)  and  speaking  algebraically,  the  higher  value 
of  p  for  compound  cylinders  more  than  offsets  the  lower  value 
of  h,  and  as  a  result  gives  a  lower  value  of  "BD."  It  follows 
that  the  lower  values  of  the  capacity  factor  "BD"  for  the  com- 
pounds do  not  indicate  directly  that  these  will  steam  more 
freely  than  the  single  expansion  engines.  In  all  cases  where 
the  factor  "BD"  is  to  be  taken  as  a  measure  of  steaming  ca- 
pacity or  rate  of  evaporation,  similar  cylinder  conditions  must 
I)revail. 

TABLE    1. 
T     '  Number  Values  of  B.  I). 

Type.  of  ; « , 

Service.     Locomotives.       Max.  Min.  Mean. 

SinKle  r  Fast  25  829  .541  659 

Expansion.  .-<   Medium  2r)  900  640  753 

LSlow  29  946  7.31  809 

4-Cylinder  f  Fast  1(1  B70  497  602 

Compound..    -{    Medium  in  807  526  650 

Lsiow  25  95.^  645  772 

2-Cylindi'r  f  Fast 

Compound ...  ■<    Medium  12  798  579  678 

(.Slow  16  948  719  809 

Both  Types  /Past  10  670  497  602 

Compound.      •<    Medium  22  807  526  665 

Lslow  41  953  645  785 

TABLE    2. 
Mean   Values  of   BD. 

Fast.  Medium.  Slow. 

Single    Expansion     650                    750  800 

4-Cylinder    Compound    600                    650  775 

2-CyIinder   Compound    675  800 


THE  WOODEN  CAR  HAS  NOT  REACHED  ITS  LIMIT. 


Tliis  switch  engine  was  backing  a  string  of  box  cars  on  the 
main  line  and  was  caught  on  the  pilot  of  a  fast  mail  engine 


VIEW    OF    WRECK,    SHOWING    ENGI.SE    RESTING    UPON    CAR. 

hauling  its  train  at  60  miles  per  hour,  moving  in  the  same 
direction.  The  switcher  was  handsomely  lifted  into  the  load 
of  a  coal  car  and  only  the  pilot  of  the  mail  engine  suffered. 
No  one  was  hurt,  and,  if  wrecks  must  occur,  this  is  a  good 
kind.  The  capacity  of  the  car  is  80,000  lbs.  It  carried  70,000 
lbs.  of  coal  and  its  overload  of  137,000  lbs.,  to  the  shops,  very 
comfortably,  its  proved  capacity  being  207,000  lbs. 


Speeds  for  flue  rattlers  is  a  subject  which  has  evidently  not 
received  much  attention.  It  is  said  that  at  the  CoUinwood 
shops  of  the  Lake  Shore  an  increase  of  speed  from  20  to  25 
turns  per  minute  doubled  the  capacity  of  tlie  machine  in  clean- 
ing flues. 


Mr.  W.  W.  Grant,  who  for  eight  years  has  been  connected 
with  the  Westinghouse  Electric  &  Mfg.  Co.,  has  been  elected 
vice-president  and  sales  manager  of  the  Fibre  Conduit  Cm- 
pany  with  head  oflices  at  Orangeburg.  New  York. 
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Notwithstanding  the  fact  that  ice  printed  more  copies  of  the 
January  number  than  of  any  previous  issue  of  this  journal,  the 
edition  wa^  almost  entirely  exhausted  at  the  middle  of  January. 
We  are  sorry  that  many  of  the  new  subscriptions  for  the  year 
1:k)3  must  necessarily  begin  with  the  February  issue. 


This  journal  has  the  honor  of  printing  in  this  issue  the  first 
article  of  a  comprehensive  series  from  the  pen  of  Mr.  R.  H. 
Soule  upon  the  subject  of  the  modern  railroad  shop,  the  pres- 
entation of  which  will  require  at  least  a  year.  Mr.  Soule  has 
no  superior  as  an  authority  on  this  subject.  He  is  fitted  to 
discuss  it  by  technical  training  as  a  mechanical  engineer,  by 
an  experience  of  seventeen  years  in  motive-power  service,  and 
also  by  close  contact  with  recent  developments  in  having  been 
retained  as  consulting  engineer  in  planning  a  number  of  large 
new  shops  on  some  of  the  most  important  trunk  lines.  Our 
readers  will  remember  that  he  also  designed  the  shops  of  the 
Buffalo,  Rochester  &  Pittsburgh  Railway,  illustrated  in  our 
April  and  May  issues  of  last  year.  This  journal  and  its  readers 
are  fortunate  in  having  the  opportunity  to  study  shop  problems 
which  this  treatise  by  Mr.  Soule  promises  to  afford.  We  desire 
to  stand  for  the  practical  application  to  railroads  of  the  prin- 
ciples which  underlie  commercial  success,  and  it  is  confidently 
believed  that  this  work  will  not  only  be  valuable  as  a  study  of 
shop  problems,  as  a  record,  and  a  guide  to  future  practice,  but 
that  it  will  exert  a  powerful  influence  in  the  intelligent  treat- 
ment of  what  has  become  one  of  the  greatest  engineering  and 
business  questions  with  which  railroad  officers  of  the  present 
time  have  to  deal.  The  articles  cannot  fail  to  bring  in  a  new 
era  in  railroad-shop  construction,  the  influence  of  which  is 
expected  to  extend  far  beyond  the  limits  of  the  subject  treated. 
Such  a  work  as  this  has  never  before  been  attempted,  and  it 
can  only  be  properly  undertaken  by  one  having  the  qualifica- 
tions and  attainments  of  Mr.  Soule. 


The  increase  of  output  of  machinery  driven  by  electric  motors 
is  the  great  desideratum  which  is  achieved  by  the  application 
of  direct-connected  motor  drive,  and  far  outweighs  in  im- 
portance the  several  gjber  advantages  incidental  to  this 
method  of  driving — the  saving  of  head  room,  for  example,  the 
absence  of  long  lines  of  shafting,  and  the  avoidance  of  powei- 
wastes.  Indeed,  the  value  of  the  power,  whether  furnished  by 
shafting  or  by  the  electric  motor,  as  compared  with  the  im-  ' 
portance  of  the  increased  product,  is  nearly  negligible. 


It  is  encouraging  to  note  the  efforts  now  being  made  to  devise 
a  satisfactory  system  of  comparing  locomotives  of  various  de- 
signs in  order  to  make  a  study  of  the  factors  which  go  to  make 
up  capacity  for  sustained  power.  In  this  issue  will  be  found  a 
suggestion  from  Mr.  E.  L.  Coster,  which  is  believed  to  be  new 
and  seems  to  be  excellent.  Briefly  stated,  Mr.  Coster  suggests 
expressing  the  heating  surface  in  per  cent,  of  the  total  maxi- 
mum tractive  power.  This  is  an  important  subject  and  corre- 
spondence from  our  readers  is  invited. 


The  actual  limitations  and  shortcomings  of  the  older  styles 
of  machine  tools  seriously  hamper  them  in  meeting  the  de- 
mands of  these  modern  times — probably  no  one  particular  is 
found,  in  establishing  jiiece-work  rates,  to  involve  a  greater 
waste  of  time  than  that  of  changing  driving  speeds  and  feeds 
on,  and  otherwise  adjusting,  machine  tools,  especially  of  the 
older  models,  and  this  is  the  great  factor  that  prevents  so 
many  machine  shops  equipped  with  old  styles  of  tools  from 
successfully  competing  with  piece-work  shops  equipped  with 
modern  tools.  This  criticism  applies,  of  course,  only  to  ma- 
chine tools  of  the  older  styles;  the  machine  tool  manufactur- 
ers of  to-day  in  this  country  are  to  be  given  credit  for  their 
commendable  progress,  and  may  be  said  to  be  well  abreast  of 
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the  times.  But  it  is  In  this  respect  that  our  present  old-estab- 
lished railway  repair  shops  are  open  for  great  improvements 
with  the  respect  to  the  cost  of  doing  work;  careful  attention 
to  points  of  feeds  and  speeds  of  driving  above  mentioned  will, 
when  purchasing  new  machines,  provide  for  great  reductions 
in  the  times  required  for  certain  machining  operations  from 
ivhat  would  be  required  on  the  old  style  |)lain  machines. 


RAILWAY    SHOPS. 


By  R,   H.  Soui,E. 


It  is  evident  that  railroad  officers  appreciate  the  necessity 
for  improved  facilities  for  handling  and  storing  coal  for  loco- 
motive use,  the  cost  of  this  service  with  poor  facilities  having 
attracted  attention.  Of  late  a  large  number  of  improved  chutes 
have  been  built  and  in  nearly  every  case  the  item  of  labor  ex- 
pense in  handling  the  coal  has  been  very  carefully  considered. 
A  low  cost  of  handling  is.  however,  not  the  only  important 
consideration  in  this  equipment;  in  fact,  it  is  not  the  most  im- 
portant one.  There  is  serious  danger  of  throwing  to  the  winds 
the  coal  records  of  the  enginemen,  and  this  has  not  been  con- 
sidered at  all  in  coal  chute  construction  on  several  leading 
roads  during  the  past  year  or  two.  If  a  coal  chute  does  not 
provide  means  of  knowing  how  much  coal  is  delivered  to  each 
engine  it  cannot  be  considered  satisfactory  or  complete.  Coal 
records  never  have  been  and  cannot  be  satisfactory  in  their 
effects  upon  the  economy  of  consumption  unless  the  coal  is 
actually  weighed  at  the  chutes.  This  is  the  opinion  of  motive 
power  officers,  and  it  should  be  considered  by  officers  of  other 
departments  who  have  to  do  with  the  construction  of  this 
equipment.  It  is  difficult  to  state  the  value  of  weighing  facili- 
ties, but  it  is  safe  to  measure  it  by  that  of  coal  records  them- 
selves; because  records  based  upon  anything  except  actual 
weight  are  ineffective. 

The  entire  fuel  question  might  profitably  be  placed  in  the 
hands  of  a  competent  man.  having  the  necessary  knowledge 
and  experience  and  authority  to  advise  and  direct  in  all  mat- 
ters pertaining  to  coal,  from  its  purchase  to  its  consumption. 
In  fact,  the  important  character  of  the  fuel  question  on  large 
roads  already  demands  such  treatment. 


Almost  everyone  who  has  had  to  do  with  the  setting  of  piece- 
work prices  has  been  disconcerted  by  comparing  the  time  a 
workman  has  taken  to  do  a  certain  piece  of  work  with  the 
theoretical  time  that  had  been  figured  out  for  it.  The  usual 
plan  has  always  been,  when  setting  a  piece-work  price,  to 
carefully  calculate  the  amount  of  surface  to  be  machined,  and 
then  by  allowing  certain  cutting  speeds  and  rates  of  feed,  the 
theoretical  time  it  should  take  to  remove  the  material  is 
arrived  at.  To  such  time  is  added  what  is  considered  neces- 
sary for  setting  the  work,  changing  the  tools,  etc;  but  in 
most  instances  the  line  of  variation  between  theory  and  prac- 
tice is,  to  say  the  least,  confusing.  On  investigation  it  is 
invariably  found  that  it  has  been  omitted  to  allow  for  time 
lost  in  playing  round  and  fiddling  with  the  machine  itself — 
taking  ten  minutes  to  alter  this  feed,  five  minutes  to  alter 
that  motion,  and  so  on.  If  a  machine  is  to  be  bought  for  any 
work  that  requires  certain  definite  machining,  why  not  cal- 
culate theoretically  the  time  required  to  do  the  work,  and  put 
this  time  down  as  the  maximum  efficiency.  If  then  you  are 
going  to  purchase  a  tool  for  doing  that  work,  why  not  set 
this  time  down  in  your  specification  and  get  makers  to  state 
what  percentage  of  efficiency  they  will  guarantee  on  your 
time?  The  day  has  gone  past  when  a  good  tool  means  merely 
a  machine  well  and  solidly  built,  and  capable  of  doing  first- 
class  work.  The  element  of  "time  efficiency"  is  now  the  im- 
portant clause  in  the  contract.  What  use  is  it  to  a  manufac- 
turer if  he  has  a  number  of  splendid  tools  made  by  first-class 
makers  and  capable  of  doing  good  work  at  the  end  of  the  next 
century  if  his  neighbor  is  equipped  with  a  plant  wlicli  enables 
him  to  undersell  by  25  per  cent.? 


INTRODL'CTORY. 


The  arrangement  and  proportions  of  railway  shops  consti- 
tute a  problem  which  is  demanding  careful  consideration  at 
the  present  time,  and  which  is  certain  to  increase  In  future 
importance.  This  condition  is  largely  due  to  the  change  from 
a  period  of  depression  lo  a  period  of  unparalleled  prosperity 
during  the  last  ten  years.  At  the  beginning  of  that  period 
railway  managers  were  enforcing  the  most  drastic  measures 
of  economy,  and  officers  in  charge  of  shops  effected  surpris- 
ing reductions  in  operating  expenses  which  came  under  their 
supervision  or  control.  Every  line  of  disbursement  of  either 
labor  or  material  was  relentlessly  followed  up,  and  savings  in- 
sisted upon.  What  was  accomplished  by  this  crusade  is  a 
matter  of  history;  it  was  the  greatest  lesson  in  economy  that 
shop  officers  had  ever  enjoyed.  Then  gradually  came  the 
increase  of  business  which  has  culminated  in  present  condi- 
tions, which  make  such  unprecedented  demands  on  railway 
shops  that  maximum  output  has  been  forced  to  the  front  as 
an  absolute  requirement.  This  chain  of  circumstances  has 
therefore  emphasized  economy  and  output  as  the  elements  of 
prime  importance  in  the  operation  of  railway  shops.  Up  to 
the  time  of  this  awakening  there  prevailed  on  most  lines  a 
comfortable  complacency  and  satisfaction  in  things  as  they 
were;  this  feeling  has  now  given  way  to  a  determination  that 
existing  shop  plants  shall  be  modernized,  and  that  all  new 
plants  shall  be  so  proportioned,  arranged,  equipped  and  organ- 
ized as  to  meet  present-day  requirements  as  regards  economy 
and  output.  This  necessity  for  more  careful  work  in  shop 
design  has  also  been  stimulated  by  the  fact  that  the  continued 
merging  of  railways  into  great  systems  has  justified  larger 
outlays  of  capital  for  the  purpose  of  establishing  centra', 
repair  and  construction  plants. 

In  approaching  the  problem  of  designing  a  central  shop 
plant  the  fact  stands  out  that  the  problem  is  a  very  complex 
one,  and  as  it  is  pursued  to  completion  the  details  multiply. 
It  involves  the  proper  provision  of  space,  power,  tools  and 
appliances  for  all  the  varieties  of  labor  which  are  concerned 
in  the  construction  or  repairs  of  locomotives  and  cars,  pas- 
senger and  freight.  To  establish  such  facilities  in  proper 
proportion  to  one  another  requires  that  many  assumptions 
must  be  made,  involving  the  relative  amount  of  work  of  the 
several  classes  which  is  to  be  done.  Such  assumptions  are 
apt  to  be  faulty,  owing  to  the  fact  tnat  traffic  conditions 
change  frequently  and  quickly  on  most  railways.  It  is  for 
that  reason  that  many  railway  shop  plants  have  had  to  be 
modified  in  certain  particulars  after  naving  been  occupied  and 
used  a  year  or  two.  But,  nevertheless,  such  preliminary  as- 
sumptions must  always  be  made,  and  the  fact  that  they  are 
apt  to  be  misleading  affords  the  strongest  argument  for  adopt- 
ing them  only  after  the  most  careful  consideration.  The 
variety  of  classes  of  labor  to  be  provided  for  is  very  great, 
but  there  is  no  department  of  a  railway  which  has  to  handle 
so  many  varieties  of  material  as  the  motive  power  depart- 
ment. A  count  of  items  on  the  semi-annual  inventories  of 
an  Eastern  line,  some  two  years  ago.  showed  that  the  main- 
tenance of  way  department  used  about  five  hundred  varieties 
of  shapes,  sizes  and  materials,  while  the  motive  power  de- 
partment used  about  five  thousand.  A  modern  shop  must 
provide  for  the  proper  housing,  classification,  handling  and 
distribution   of  these  materials. 

New  and  modifying  influences  have  also  crept  into  the  shop 
problem  from  the  outside.  The  practical  and  successful  appli- 
cation of  electricity  as  an  agent  for  distributing  and  applying 
energy,  whether  for  power  or  for  lighting  purposes,  has  dis- 
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credited  old  and  well-understood  systems.  The  relative  merits 
and  the  line  of  demarkation  between  the  legitimate  use  of 
direct  current  and  alternating  current  apparatus  being  a  mat- 
ter on  which  even  the  electrical  experts  fail  to  agree,  the  shop 
designer  must  proceed  with  the  utmost  caution.  Several  dif- 
ferent methods  of  motor  speed  control  are  advocated,  and 
apparatus  with  this  object  in  view  appears  to  be  multiplying. 
The  conflicting  claims  of  circuits  for  power  and  for  lighting, 
as  between  direct  and  alternating  currents,  must  be  met, 
considered  and  perhaps  compromised. 

New  tool  steels  of  increased  cutting  power  have  upset  the 
traditions  of  feeds  and  speeds  for  machine  tools,  and  the 
intelligent  use  of  such  steels  has  increased  the  output  per 
tool.  Both  humane  and  business  considerations  call  for  the 
most  improved  methods  of  heating,  ventilating  and  lighting 
buildings.  With  electrical  distribution  there  is  no  need  or 
justification  for  small  isolated  units  of  power,  and  the  central 
power  plant  assumes  first  importance  as  the  one  source  of 
energy,  whether  used  for  power,  lighting  or  heating;  power 
being  distributed  as  electricity,  compressed  air,  or  fluid  under 
pressure  (hydraulic  power) ;  lighting  being  accomplished  by 
either  arc  or  incandescent  lamps,  and  heating  being  effected 
by  either  exhaust  or  live  steam.  Various  types  of  boilers  being 
available  a  selection  must  be  made  with  due  regard  to  both 
first  cost  and  economy  of  maintenance.  The  engine  equipment 
must  be  chosen  not  only  as  regards  type  and  economy,  but 
must  be  subdivided  into  such  units  as  can  be  combined  to 
the  best  advantage  in  order  to  secure  the  greatest  possible 
efficiency  under  a  varying  total  load.  The  cost  of  coal  and 
water  supply  will  determine  the  choice  as  between  condens- 
ing and  non-condensing  engines,  as  v/ell  as  between  simple 
and  compound.  The  gas  engine  is  a  close  competitor  with 
the  steam  engine  on  the  score  of  thermal  efficiency,  and  the 
day  may  not  be  far  distant  when  a  gas  producer  plant  may 
be  needed  instead  of  the  boiler  plant,  as  a  basis  of  power 
supply.  Coal  being  the  accepted  fuel,  whether  for  use  in  gen- 
erating steam  or  producing  gas,  provision  should  be  made  for 
storing  and  handling  the  supply,  and  handling  and  removing 
ashes,  with  the  least  expenditure  of  labor.  The  problem  of 
draft  requires  close  analysis  of  conditions  before  choosing 
between  the  tall  chimney  and  the  short,  the  latter  to  be  sup- 
plemented by  mechanical  appliances  for  inducing  draft.  To 
determine  the  gross  amount  of  power  to  be  provided  at  the 
central  station  it  is  necessary  to  prepare  charts  showing  what 
is  likely  to  be  the  load  for  each  department  of  the  shops  or 
each  class  of  service  for  each  hour  of  the  day,  and  from  such 
separate  or  individual  charts  prepare  a  total  load  chart,  from 
which  the  desired  maximum  can  be  deduced.  It  is  not  pro))- 
able  that  the  storage  battery  will  be  much  used  as  an  adjunct 
to  railway  shop  power  plants  as  the  total  load  does  not  ordi- 
narily fluctuate  between  such  wide  limits  as  in  central  sta- 
tions where  electric  energy  is  supplied  for  traction  or  for 
lighting  purposes. 

These  facts  indicate  that  the  power  plant  is  a  complex 
problem,  but  nevertheless  it  is  a  problem  of  such  a  nature  as 
to  be  susceptible  of  treatment  by  well  understood  engineering 
methods.  On  the  other  hand,  the  problem  of  the  proper  pro- 
portions of  the  buildings  to  be  occupied  by  the  different  de- 
partments of  a  railway  shop,  and  their  proper  grouping  and 
spacing  cannot  be  solved  by  appealing  to  any  existing  formulte. 
but  only  by  an  intelligent  analysis  of  recent  examples  of  what 
are  believed  to  be  the  best  practice  under  conditions  approxi- 
mating those  which  exist  to-day.  This  analysis  should  not 
fail,  however,  to  recognize  defects,  if  such  exist,  in  shops 
which  in  general  are  thoroughly  modern. 

It  will  no  doubt  be  possible  by  this  process  to  deduce  cer- 
tain constants,  factors,  and  ratios  which  may  be  available  for 
future  use,  and  this  inquiry  is  made  with  that  object  in  view. 
Where  alternative  arrangements  or  methods  are  found  in 
practice  their  relative  merits  will  be  discussed. 
(To  be  continued. J 


A  PREMIUM    PLAN  FOR  TRAVELING   ENGINEERS. 


The  Chicago  Great  Western  has  a  plan,  with  reference  to 
locomotive  coal  records,  which  is  worthy  of  general  adoption. 
Coal  records  are  carefully  kept,  the  chute  reports  being  sent 
daily  to  the  superintendent.  Coal  allowances  are  made  for 
each  class  of  engine  and  each  kind  of  service  as  follows: 

Trains  Nos.  1  and  2  between  Minneapolis  and  Chicago,  1.0 
ton  per  10,000-ton  miles. 

All  other  passenger  and  branch  trains,  1.2  tons  per  10,000- 
ton  miles. 

All  stock  or  time  freights,  .8  ton  per  10,000-ton  miles. 

All  other  freights,  .9  ton  per  10,000-ton  miles. 

Switching,  work  train,  or  helper  engine,  .25  ton  per  hour. 

Idle  under  steam,  .025  ton  per  hour. 

The  traveling  engineers  are  paid  a  certain  guaranteed  mini- 
mum salary  and  their  actual  rates  per  month  are  based  upon 
the  per  cent,  of  excess  made  by  the  engines  on  the  divisions 
with  which  they  are  connected.  The  traveling  firemen  receive 
a  rate  which  is  proportionate  to  that  of  the  traveling  engineer 
of  the  same  division.  Of  course  these  allowances  must  be  very 
carefully  determined  and  the  grades,  speeds  and  character  of 
the  locomotives  must  be  considered.  They  would  vary  greatly 
on  different  roads.  For  the  Chicago  Great  Western  Mr.  Van 
Alstine  has  prepared  a  schedule  for  each  division  giving  the 
rates  of  pay  per  month  for  various  percentages  of  excess.  The 
plan  has  been  in  effect  since  May  1,  1902,  and  is  reported  to  be 
schedule  given  here  has  been  in  effect  since  May  1,  1902,  and 
is  reported  to  be  very  satisfactory.  The  original  plan  of  mak- 
ing allowances  per  10,000-ton  miles  for  each  train,  or  class  of 
trains,  has  been  in  effect  on  this  road  for  over  ten  years.  Trav- 
eling engineers  were  put  on  about  two  years  ago  and  soon 
after  were  placed  on  the  premium  basis. 


The  application  of  electric  traction  to  heavy  traffic  on  pres- 
ent steam  roads  is  settling  itself  in  a  natural  and  interesting 
way,  and  it  is  to  be  introduced  because  of  conditions  which 
cannot  be  met  by  steam  locomotives.  In  the  improvements 
of  the  New  York  Central  terminal  and  the  entrance  of  the 
Pennsylvania  into  New  York  City  will  be  seen  the  first  en- 
trance of  electricity  on  a  large  scale  into  the  field  of  heavy 
transportation  service.  The  real  beginning  was  made  in  the 
Baltimore  &  Ohio  tunnel,  but  the  present  schemes  will  open  a 
new  epoch  in  electric  transportation.  On  the  New  York  Cen- 
tral all  suburban  trains  from  Croton,  on  the  main  line,  and 
White  Plains,  on  the  Harlem  division;  on  the  New  York, 
New  Haven  &  Hartford  all  suburban  trains  from  a  point  yet 
to  be  determined,  and  on  all  three  lines  all  passenger  trains, 
from  whatever  distance,  will  be  drawn  into  the  Grand  Cen- 
tral station  by  electric  motors.  This,  together  with  the  con- 
templated changes  in  the  station  itself,  will  cost  about  $25,- 
000,000  and  the  electric  installation  will  be  the  largest  ever 
considered.  Little  can  be  said  as  yet  concerning  the  extent 
of  the  electric  work  on  the  Pennsylvania  terminal,  but  it  will 
be  great,  and  the  extension  of  electric  traction  on  Long  Island 
and  toward  Philadelphia  will  follow  as  a  matter  of  necessity. 
It  seems  perfectly  reasonable  to  expect  the  Pennsylvania  to 
ultimately  use  electric  motors  for  all  its  passenger  traffic 
between  New  York  and  Philadelphia  as  a  natural  growth  of 
the  application  in  the  tunnel  and  at  the  new  terminal.  With- 
out an  attempt  to  forecast  the  future,  its  present  plans  are 
sufficiently  great  to  center  the  attention  of  engineers  and  rail- 
road officers  for  several  years,  and  there  can  be  no  question 
of  the  fact  that  there  is  more  heavy  electric  work  to  come. 
These  problems  involve  new  questions  for  which  there  are 
no  precedents.  It  is  a  matter  of  the  greatest  interest  to  rail- 
roads to  be  prepared  to  meet  these  new  problems,  and  a  note- 
worthy incident  to  the  situation  is  the  opportunity  which  it 
offers  to  young  men  who  combine  abilities  in  railroad  and 
electrical  work. 
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PASSENGER 


LOCOMOTIVE       NORTHERN     PACIFIC 
RAILWAY. 


4—6—2  Type. 


liim.T     HY     THE     AMERICAN     I.OC'DMHTIVE     COMI'ANY. 


This  type  of  wheel  arrangement  seems  to  bo  likely  to  become 
popular.  There  seems  to  be  a  rather  persistent  impression 
that  a  two-wheel  leading  truck  is  less  satisfactory  than  one 
having  four  wheels,  but,  as  far  as  we  know,  it  has  not  been 
demonstrated  that  the  two-whee!  truck  is  in  any  respect  de- 
ficient. This  is  a  very  large  and  powerful  passenger  engine 
which   has  not  been  exceeded  in   heating  surface   except   by  a 


.N-ORTIIEnN    PACIFIC    PASSE.VGER    LOCO.MOTIVp:. 

4 — 6—2    TYPE. 

General  DimenalonH. 

Fuel BUuinlitoUH    coal 

WpIkIiI.   in   worklnK  order 202,000  lbs. 

VVHigbt    on    drlvHrt;    134,000  IbB. 

Weiglii  ciiKlne  and  tender  In   working  order 325,400  lbn, 

WtitHl  base,   drivinB    12  ft. 

Wlieel   base,    rigid    12  ft. 

Wheel   base,    total    33  ft. 

Wheel  base,  total,  engine   and   tender .58  ft.  4 '/4  Ins. 

Cylinders. 

Diameter   of  cylinders    22  Ins, 

Stroke   of  piston    28  InH. 

Horizonial    thickness   of   piston 5'<i  in*. 

UianietcT    of    piston     rod 4  Inn. 

Valves. 

Kind  iif  .slide   valves Piston    type 

Greatest  travel   of  slide   valvc-^ f>  Ins. 


PA.SSK.NGER  LOCOMOTIVE,  4- 

A.  E.  Mitchell,  Superintendent  Motive  Power. 


JKllii.i;\    I'ACII-'IC    RAILWAY. 

American   Locomotive   Company,   Builders. 


very  few  examples  in  previous  lu'actice,  as  tlie  table  in  our 
issue  of  last  June  indicates.  The  Missouri  Pacific  locomotives 
of  the  same  type,  illustrated  in  September  of  last  year,  were 
somewhat  larger  in  this  respect,  while  being  also  lighter  in 
total  weight.  The  figures  of  the  two  designs  furnish  an  inter- 
esting comparison.  The  Northern  Pacific  has  been  very  favor- 
able to  compounds,  experience  on  that  road  having  been  satis- 
factory. It  is  not  understood  that  this  departure  indicates  a 
necided  adverse  step  with  reference  to  them.  This  engine  has 
piston  valves  with  inside  admission,  frames  having  a  s'ngle 
bar  at  the  cylinders  and  slabs  at  the  firebox,  and  the  trailing 
truck  is  of  the  Player  type  used  on  a  number  of  locomotives 
built  at  the  Brooks  Works  of  this  company,  but  in  this  case  its 
construction  has  been  somewhat  changed,  as  will  be  ind'cated 
in  a  later  article.  It  was  the  intention  to  present  at  this  time 
a  number  of  the  details  of  this  locomotive,  but  because  of  the 
space  required  for  other  purposes  these  will  be  presented  later. 
The  following  ratios  and  table  of  dimensions  present  the  lead- 
ing features  of  the  design,  of  whkh  about  50  engines  have 
been  built.  Specially  interesting  features  of  the  construttion 
will  be  presented  in  another  article: 


Tractive  power 


(1) 
(2) 
(3) 
(4) 


(fi) 
17) 


.31,000    lbs. 
302 


.38.7 


Heating  surface  _ 

Cylinder  volume  ~ 

Tractive  weight  _ 

Heating  surface  ~ 

Tractive  weight  _ 

'I'ractive  effort  ~ 

Tractive  effort  _ 

Keating  surface  ~ 

Heating  surface  _ 

Grata  area  " 
Tractive  effort  X   diameter  of  dri\ers 

— — bl4 

Heating  surface 
Ileatinc  surface  in  per  cent,  of  tractive  power  = 11% 


8.9 
73.7 


Outside   lap  of  slide  valves 1  in. 

Inside  clearance   of   slide   valves '^  in. 

Lead  of  valves  in  full  gear  : 

Line  and  line  in  full  gear,  forward.   Vi-in.  lead  at  6'i.   ins.  cut-off 

Wheels,  Etc. 

Number  of  driving   wheels 6 

Diameter  of  driving  wheels  outside  of  tire 69  ins. 

iMaterial  of  driving  wheels Centers,  cast  steel;    centers,  62  ins. 

Tbiokness  of  tire    3^    ins. 

Driving   box,   material    Cast   steel 

Diameter  and  length  of  driving  journals. 

9  la   ins.  and  9  ins.  diameter  jt  12  ins. 
Diameter  and  length  of  main   crankpin   journals. 

Main  side    7  Vj    ins.  x  4 -Cj    ins.,  7  ins.  diameter  x  G%   ins. 
Diameter    and    length   of   side-rod    crankpin    journals. 

5in5.  diameter  x   4V-    ins. 

Engine  truck,  kind Pour-wheel,  swing  bolster 

Engine  trurk.  journals 6  ins.   diameter  x   11   ins. 

Diameter  of  engine  truck  wheels 33  ins. 

Kind  of  engine  truck  wheels.  . ; Steel  tired  spoke  center 

Boiler. 

Style     Straight 

Outside  diameter  of  first   ring 70  9-16  ins. 

Working  pressure    200    lbs. 

Thickness  of  plates  in  barrel  and  outside  of  firebox, 

25-32  in.,  13-16  in.  and  9-16  in. 

Firebox,   length    90  3-16  ins. 

Firebox,    width    75%  ins. 

Firebox,  depth    Front,  78%   ins. ;    back,  66  ins. 

Firebox  plates,  thickness  : 

Sides.  5-lB  in.  :    back.  5-16  in. ;    crown.  %  in. ;    tube  sheet.  V-  in. 
Firebox,  water  spare.  .  .  .Front.  4^  ins.  :    sides,  3*^  ins.  ;    back.  3vi"ins. 

Tubes,    number     ', ,  .'7.301 

Tubes,  diameter    ' 2%    ins. 

Tubes,,  length  over  tube  sheets ig  ft.  6  ins. 

Firebrick,   supported   on Four  water  tubes 

Heating    surface,    t  ubes    3  264.3  sq.  ft. 

Heating   surface,    water  tubes 23.02  sq!  ft! 

Heating   surface,    firebox    175.1  sq!  ft! 

Heating    surface,    total    3.462.42  sq!  ft' 

Grate    surface    47.2  sq  ft 

Exhaust    pipes    Single 

Exhaust  nozzles    5Vt   ins.,  5%  ins.  and  5%    ins.  diameter 

Smokestack,    inside   diameter    ig  jng 

Smokestack,  top  above  rail    14   ft.   losjj  ins! 

Tender. 

Style      Eight-wheel 

Weight,  empty    49.400   lbs. 

Wheels,    number     g 

Wheels,    diameter    ^g  i^s. 

.Imirnals.  diameter  and  length 5|*>   ins.  diameter  x  10  ins* 

Wheel    base    ". 17    ft.    2  ins! 

Tender   frame    steel   channels 

Water  capacity    6.000  U.  S.   gals. 

Coal   capacity    12   tons 
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ELECTRICITY  EM  RAILROAD  SHOPS. 


MACHINE  TOOL  PROGRESS. 


Mr.  L.  R.  Pomeroy,  of  the  General  Electric  Company,  has 
sounded  the  keynote  to  the  railroad  repair  shop  situation  in 
his  recent  paper  upon  the  above  subject,  delivered  before  the 
Central  Railroad  Club.  The  importance  of  the  part  that  elec- 
tricity is  playing  in  modern  railroad  shop  practice  was  never 
before  made  so  prominent.  The  convenience  of  an  elec- 
trical power  distribution  system,  with  which  the  shop  electric 
lighting  may  be  furnished  from  the  same  dynamos,  cannot 
be  overestimated. 

Mr.  Pomeroy  states  that  the  two  great  advantages  of  the 
direct  current,  so  far  as  power  transmission  is  concerned,  are 
slow  speed,  and  variable  speed  on  the  motor  itself.  With  a 
slow-speed  motor  it  is  possible  often  to  make  a  sufficient  reduc- 
tion of  speed  to  the  normal  required  by  the  machine  by  means 
of  gearing  with  a  motor  using  a  slight  variation  in  field  wind- 
ing, increasing  the  cost  of  the  motor  only  about  5  per  cent, 
over  standard  types;  an  increase  in  speed  of  25  per  cent,  above 
normal  may  be  obtained  by  field  weakening,  or  40  per  cent, 
below  normal  by  interposing  armature  resistance  Is  possible. 

While  it  is  not  advisable  to  presume  on  using  the  full 
range  of  such  speed  variation  continuously,  yet  in  conjunction 
with  the  step  cones,  or  back  gears,  any  intermediate  speed 
between  the  cones  or  gears  can  be  exactly  met.  Such  speed 
variation  is  feasible  and  practical.  This  represents  the  cheap- 
est form  of  utilizing  motor  speed  variation,  from  the  view- 
point of  first  cost. 

Next  in  point  of  cost  is  the  use  of  a  special  type  of  motor, 
giving  100  per  cent,  field  regulation.  By  this  type  of  motor 
the  varying  requirements  of  most  any  tool  can  be  met  at  a 
slightly  increased  cost  over  constant-speed  or  standard  motors. 

By  varying  the  current  flowing  in  the  field  coils  of  a  motor 
the  strength  of  the  magnetic  field  is  changed  and  the  speed  of 
the  motor  varied.  With  any  setting  of  the  field  the  motor 
will  give  constant  speed  under  changes  of  load,  and  this 
method,  therefore,  avoids  the  greatest  objection  to  rheostatic 
control. 

A  motor  of  ordinary  design  will  not  permit  of  any  consider- 
able field  weakening,  without  deleterious  sparking  at  the  com- 
mutator, but  with  a  special  motor  having  small  armature 
reaction  a  variation  in  speed  of  two  to  one  can  readily  be 
obtained,  and  when  delivering  a  constant  horse-hower  the  cur- 
rent will  be  approximately  the  same  at  all  speeds  because  the 
potential  across  the  armature  terminals  is  always  the  same. 

Mr.  Pomeroy  states  that  mere  economy  of  transmission  is 
one  of  the  least  advantages  to  be  gained  by  electric  driving; 
the  cost  of  power  in  fuel  is  so  small  a  part  of  the  total  cost 
of  operation  that  it  can  be  practically  ignored,  on  account  of 
the  other  advantages  and  larger  savings  resulting  from  the 
introduction  of  electric  transmission.  He  estimates  the  fac- 
tors which  enter  into  the  cost  of  production  at  the  following 
average  values: 

Fuel    3  per  cent,  of  the  total  cost  of  the  article 

Labor    47  per  cent,  of  the  total  cost  of  the  article 

Material   50  per  cent,  of  the  total  cost  of  the  article 

The  conclusions  of  the  paper  are  that  electric  shop  driving 
permits  of  a  centralized  power  generation  for  light  and  manu- 
facturing purposes;  maximum  efficiency  of  workman,  ma- 
chines and  labor  involved;  intensified  production  at  best 
speeds  and  at  the  power  limit  of  machines,  with  improved 
quality,  maximum  output  and  reduced  cost. 

The  cost  of  maintenance  is  a  minimum.  The  depreciation 
is  less  than  in  any  other  system.  The  saving  effected  is  much 
more  than  sufficient  to  pay  for  all  the  incidental  repairs  and 
renewals  to  the  electric  machinery  or  the  wiring  system.  At- 
tendance and  supervision  can  be  largely  centralized  and 
reduced  to  a  minimum. 


Feeds  and  Drives. 


BY    C.    W.    OBERT. 


n. 


In  the  preceding  article  of  this  series  were  described  two 
admirable  variable-speed  positive-drive  mechanisms  which  are 
applied  to  the  feeds  of  lathes.  In  this  issue  a  mechanism  of 
similar  character,  which  has  been  applied  to  the  Cincinnati 
milling  machine,  will  be  considered,  'ihis  device  belongs  to 
the  same  general  classification  of  positive-drive  mechanisms 
with  the  speed  range  varying  through  a  definite  number  of 
steps  by  the  use  of  gears. 

The  variable-speed  device,  applied  by  the  Cincinnati  Milling 
Machine  Co.,  Cincinnati,  Ohio,  to  the  feeds  of  their  plain  and 
universal  milling  machines  consists  of  two  separate  and  dis- 
tinct mechanisms,  one  of  which   transmits  the  power  to  the 


FIG.      7. FRONT     VIEW     OF     UPPER     GEAR     BO.'C. 


FIG.    8. SECTIONAL    VIEWS    OF    UPPEK    TWO-SPEED    MECHANISM, 
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other  at  one  of  two  diffeiRnt  speeds,  while  the  other  delivers 
the  power  thus  received  to  the  machine's  feeds  with  a  varia- 
tion possible  of  eight  different  speeds.  The  latter  eight-speed 
mechani.sm  consists  of  the  nest  of  gears  and  selective  gear 
principle  descriljed  in  onr  preceding  issue,  although  Ihc  same 
result  is  secured  in  a  different  manner.  Figs.  7  and  3  are  ex- 
ternal views  respectively  of  the  two  above  mentioned  gear 
mechanisms  enclosed  in  their  cases,  while  Fig.  8  is  a  sectional 
plan  view  of  the  two-speed  gear  mechanism,  and  Figs.  10  and 


from  the  same  through  the  vertically  inclined  shaft,  V.  The 
motion  is  received  from  shaft,  V,  through  another  pair  of 
miter  gears  onto  a  shaft,  C,  carrying  the  two  feed  gears,  Q 
and  U,  Fig.  10.  Then  upon  a  shaft,  0.  there  are  arranged  two 
nests  or  cones,  a  ana  Y,  of  four  gears  each,  the  tour  gears  of 
each  nest  being  keyed  to  a  sleeve  fitting  loosely  on  the  shaft, 
so  that  either  nest  may  revolve  as  a  solid  unit  on  the  shaft 
independently  of  the  other.  These  two  gear  cones  are  given 
independent   motions  by   the   feed   gears,  of  which   the   larger 


-FKOXT    VIEW    OF    LOWER    GEAR    ROK. 


FIG.    10 REAR    VIEW   OF   LOWER   GEAR   BOX. 


11  are  an  external  rear  view  witli  covers  removed  and  sec- 
tional views,  respectively,  of  the  eight-speed  gear  mechanism. 

The  two-speed  gear  mechanism,  'i',  Fig.  8,  is  located  so  as 
to  receive  its  motion  from  an  extension  of  the  milling  machine 
spindle,  A,  and  transmits  power  through  a  pair  of  miter  gears 
and  a  vertically  inclined  shaft,  V,  down  to  the  eight-speed 
gear  mechanism  below.  The  variation  of  speed  is  obtained  in 
mechanism,  T,  by  means  of  a  method  of  change-gears.  On  the 
spindle  extension  shaft.  A,  there  are  two  gears,  a  large  one 
and  a  small  one;  on  the  shaft',  B,  there  are  two  corresponding 
gears,  one  of  which  will  mesh  with  each  of  those  on  A,  both 
being  mounted  upon  a  sleeve  which  is  splined  on  and  may  slide 
along  the  shaft,  B. 

The  position  of  this  sleeve  and  gears  is  governed  by  the 
guide  block,  N,  embracing  the  larger  gear  on  the  shaft.  B,  so 
that  by  moving  this  guide  block  through  the  medium  of 
handle,  D,  either  pair  of  gears  may  be  brought  into  mesh.  A 
middle  position  of  the  handle  and  gears,  which  is  the  position 
shown  in  Fig.  S,  clears  both  pairs  of  gears  out  of  mesh  and 
thus  throws  all  of  the  feeds  out  of  gear.  Tnis  makes 
two  speeds  possible  with  this  combination,  one  giving  an  in- 
crease of  speed  and  the  other  a  decrease  of  speed,  and  in  the 
middle  position  no  motion  is  transmitted. 

The  eight-speed  mechanism,  S,  is,  as  was  before  stated,  situ- 
ated   below    the    two-speed    mechanism,    receiving    its    motion 


FIG.    11. SECTIONAL   VIEWS   OF   LOWER    EIGHT-SPEED    MECIIAMS.M. 
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gear,  U,  meshes  permanently  with  the 
smallest  gear  of  nest,  X,  giving  that  nesl 
a  relatively  high  speed,  and  the  smaller 
gear,  U,  meshes  permanently  with  the 
smallest  gear  of  nest  Y,  giving  that  nest 
a  relatively  slow  speed.  In  this  way  a 
wide  range  of  speeds  is  available,  in  eight 
steps,  by  virtue  of  the  two  nests  revolving 
at  widely   different   speeds. 

The  manner  of  delivering  motion  from 
any  one  of  the  gears  upon  the  two  nests 
is  very  similar  to  that  of  the  gear  box  first 
described  in  this  series,  differing  mainly 
in  the  provision  for  bringing  the  receiving 
pinion,  E,  up  against  the  cones.  This  in- 
termediate gear,  E,  is  feathered  on  the 
shaft.  F,  so  as  to  slide  along  it,  and  is 
brought  into  mesh  with  any  one  of  the 
eight  cone  gears  by  shifting  the  two 
levers,  G  and  I,  shown  in  Figs.  9,  11  and 
12.  The  lower  lever,  .,  moves  the  gear,  E, 
along  its  shaft,  F,  through  the  medium  of 
a  toothed  sector,  W.  which  meshes  with 
the  rack,  Z,  upon  which  is  carried  the 
guide  block  embracing  the  gear,  E. 

The  proper  position  of  the  lever  I,  for  a 
position  of  mesh  by  gear,  E,  is  indicated 
by  the  eight  holes  upon  the  quadrant  at 
the  front  into  which  the  lever  locks. 
After  the  gear,  E,  has  been  brought  into 
position  for  mesh  by  means  of  lever,  I.  it 
is  moved  forward  into  mesh  by  the  lever. 
G,  which  does  so  by  moving  the  entire 
lower  slide,  R.  of  the  box  up  toward  the 
cones,  the  proper  adjustment  of  this  lever 
tor  bringing  the  pitch  lines  of  the  gears 
into  coincidence  being  indicated  by  holes 
in  its  quadrant  into  which  it  locks.    This 

movement  of  the  slide,  R,  with  respect  to  the  lever,  G,  which  is 
mounted  on  the  frame  of  the  mechanism,  is  accomplished  by 
means  of  a  helical  groove,  Gr.  Fig.  11,  on  the  lower  side  of  its 
hub  which  engages  with  a  pin  on  the  upper  side  of  the  slide. 
Power  is  delivered  from  the  shaft,  F,  through  a  feed  shaft 
having  universal  joint  connections  to  allow  for  the  lateral 
movement  of  the  slide,  H. 

Fig.  12  is  a  general  view  of  the  No.  4  universal  Cincinnati 
miller  with  this  gear  mechanism  applied,  the  two-speed 
mechanism  being  above  and  the  eight-speed  mechanism  below 
at  the  rear.  It  is  so  arranged  that  all  levers  may  be  operated 
from  the  front,  but  above  all  the  extreme  economy  of  space, 
occupied  by  the  complete  mechanism  for  such  a  variation  of 
10  speeds  possible,  is  to  be  noted;  since  the  lower  mechanism 
is  capable  of  delivering  eight  different  speeds,  and  the  upper 
device  may  deliver  two  different  speeds  to  it,  the  combined 
mechanism  is  capable  of  furnishing  16  different  speeds:  This 
device  has  the  paramount  advantage  of  having  both  of  the 
gear  mechanisms  entirely  closed  and  thus  protected  from  dirt 
and  injury.  It  is  quite  as  simple  in  construction  as  the  de- 
vices heretofore  mentioned  and  involves  no  serious  difficulties 
in  its  manipulation;  while  in  the  manner  of  design  it  gives 
evidence  of  the  application  of  a  great  amount  of  ingenuity 
and  is  one  of  the  best  examples  of  applied  mechanism  to  be 
found  among  the  devices  of  this  type. 


FIG.    12. VIEW    OF    THE    NO.    4    clNClX.NAil    MILLING    MACHINE. 


number,  page  33,  the  grades  were  not  given.  From  the  eleva- 
tions of  the  terminals  there  is  a  total  rise  of  242  ft.  in  118 
miles,  an  average  grac^  of  2  ft.  per  mile  against  the  train. 
The  profile  of  the  road  received  from  Mr.  Bronner  shows  the 
grade  to  be  a  nearly  steady  rise,  with  no  difficult  hills  and  no 
opportunities  for  spurts  on  down  grades.  The  steepest  grade  is 
21.1  ft.  per  mile  for  a  distance  of  only  %  mile.  Most  of  the 
grades  are  under  10  ft.  per  mile. 


AT  THE  TICKET  WINDOW. 


REMARKABLE    LOCOMOTIVE    PERFORMANCE. 


M1CI11G.A.N  Centkal  Railroad. 


In  recording  the  fast  run  of  118  miles  in   127  minutes  of  a 
heavy  passenger  train  on  the  Michigan  Central  in  the  January 


"When  does  the  next  train  that  stops  at  McAllisterville 
leave  here?" 

"You'll  have  to  wait  four  hours." 

"I   think   not." 

"Well,  maybe  you  know  better  than  I  do,  ma'am." 

"Yes,  sir,  and  maybe  you  know  better  than  I  do  whether  I 
am  expecting  to  travel  on  that  train  myself,  or  whether  I  am 
inquiring  for  a  relative  that's  visiting  at  my  house  and 
wanted  me  to  call  here  and  ask  about  it  and  save  her  the 
trouble  because  she's  packing  up  her  things  and  expects  to 
take  that  train  herself,  and  not  me,  and  she  will  have  to  do 
the  waiting,  and  not  me,  and  maybe  you  think  it's  your  busi- 
ness to  stand  behind  there  and  try  to  instruct  people  about 
things  they  know  as  well  as  you  do,  if  not  better;  but  my 
idea  is  that  you're  put  there  because  they  couldn't  use  you  in 
the  switching  department,  and  perhaps  you'll  learn  some  day 
to  give  people  civil  answers  when  they  ask  you  civil  questions; 
young  man,  my  opinion   is,  you   won't!" 

(With  a  gasp)  "Yes,  ma'am!" — Railroad  Men. 
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CORRESPONDENCE. 


COMPARISONS  OF  LOCOMOTIVES. 


To  the  Editor  of  tlie  Ameiiican  Enoineek  : 

As  an  accurate,  convenient  and  simple  basix  for  Uie  comparison 
of  the  steaming  capacity  of   both   single-expansion   and   comiionnil 
locomiilivcN  of  all  types,  I  beg  to  submit  the  following  ratio: 
Square  feet  of  total  heating  surface 
Maxiuunn  available  tractive  force  ' 

or.  I  lie  loial  heating  surface  in  per  cent,  of  the  net  tractive  effort. 

Tliis  expression  contains  all  the  factors  necessary  for  a  complete 
statement  of  the  case,  namely  :  the  boiler  pressure,  the  diameter  and 
stroke  of  piston,  the  diameter  of  the  driving  wheels,  and  the  heating 
surface ;  and  it  includes  no  term.s  which  are  taken  or  specially  cal- 
culated for  purposes  of  comparisou.  It  requires  no  mathematical 
reasoning  to  demonstrate  the  obvious  fact  that  for  any  given  loco- 
motive, whether  simple  or  compound,  the  greater  the  heating  sur- 
face in  proportion  to  the  maximum  tractive  force,  the  greater  will 
be  the  steaming  capacity  of  the  engine,  and  vice  versa;  hence  the 
above  e.xpressiou  is  a  complete  and  accurate  measure  of  the  steam- 
ing pow'er  of  all  cla-sses  of  locomotives,  under  all  conditions  of 
service. 

Furthermore,  by  solving  the  foregoing  expression  for  a  number 
of  recent  and  successful  locomotives  of  different  types,  and  tabulat- 
ing the  results,  a  mass  of  data  can  be  readily  obtained  which  will 
prove  of  value  as  a  guide  in  future  designing.  For  example,  as- 
sume that  experience  has  shown  that  for  single-expansion,  heavy, 
fast  passenger  locomotives,  burning  bituminous  coal,  a  total  heat- 
ing surface  equal  to  about  15.2  per  cent,  of  the  maximum  available 
tractive  force  results  in  satisfactory  steaming,  and  that  it  is  desired 
to  obtain  this  ratio  in  a-  new  design  of  express  locomotive  whose 
maximum  tractive  power  is,  let  ns  say,  23,222  lbs.  Then  the 
required  heating  surface  is  0.152  X  23,222  :=  3,530  sq.  ft ;  which 
figures  agree  very  closely  with  the  dimensions  of  the  4 — 4 — 2  type 
express  locomotive,  whose  remarkable  performance  on  the  Micnigan 
Central  Kailroad  was  set  forth  on  page  33  of  the  January  (1903) 
issue  of  the  American  Engineer. 

After  careful  thought  it  appears  to  me  that  the  above  expression 
is  %vorthy  of  serious  consideration  as  a  standard  method  for  the 
comparisons  of  the  steaming  capacity  of  both  simple  and  compound 
locomotives,  the  selection  of  which  standard  of  comparisou  has  been 
much  discussed  of  late  in  the  technical  press. 

EDWARD  L.  COSTER, 
A.  M.  Am.  Soc.  M.  E. 
25  Broad  Street,  >iew  York,  January  20,  1003. 


THE  SHOP  AS  A  SCHOOL. 


To  the  Editor : 

Referring  to  your  editorial  on  page  312  of  the  October  number, 
in  my  opinion  jN'o.  1  is  the  man  that  will  get  on  top.  for  with  my 
experience  I  find  that  the  man  who  covers  the  ground  in  three 
years  that  you  have  outlined  is  not  fit  for  a  master  mechanic. 
He  should  be  president  of  some  of  our  transcontinental  railway 
lines.  I  do  not  know  of  a  single  man,  nor  have  I  ever  heard  of 
one,  doing  it  all  in  three  years.  I  agree  with  Mr.  R.  D.  Smith, 
superintendent  of  motive  power  of  the  Burlington  &  Missouri 
River  Railroad,  that  it  would  take  a  wonderful  young  man  to 
thoroughly  fill  all  the  places  that  he  passed  through  in  the  three 
years. 

In  the  first  place,  if  he  were  a  good  boiler-washer,  he  would  do 
his  work  so  well  that  not  more  than  one  foreman  in  a  hundred 
would  give  him  anything  better,  because  it  would  be  hard  to  fill 
his  place  washing  boilers.  More  good  men  are  kept  down  in  rail- 
road shops  because  their  places  are  too  hard  to  fill  than  fur  any- 
thing else.  I  know  a  good  lathe  hand  who  would  make  a  good 
foreman,  but  on  a  lathe  he  is  turning  out  more  work  than  two 
ordinary  men,  consequently  he  is  kept  there,  while  if  he  were 
placed  in  charge  of  the  shop,  in  three  years  he  might  be  master 
mechanic.  This  man  may  have  push  but  no  pull,  yet  he  cannot  go 
to  the  master  mechanic  and  say,  "I  am  the  man  you  are  looking 
for."      Nine  chances  in  ten,  he  would  be  discharged  on  the  spot. 

You  often  hear  a  great  cry  about  men  being  afraid  to  speak  up 
for  fear  of  losing  their  positions ;  then,  on  the  other  hand,  if  he 
does  speak  up  and  say  he  does  not  care  for  his  job,  the  man  over 
him  will  say  "indifference."  Professor  Randolph,  from  the  Vir- 
ginia Polytechnic  Institute,  hits  the  nail  on  the  head  when  he  says, 


"Every  man  has  a  chance  to  rise."  In  fact,  he  has  to  have  it 
if  he  works  in  one  of  our  modern  railway  shops.  There  is  no  room 
for  a  lazy  man  around  a  railway  shop.  Why?  He  would  get 
run   over. 

(Joing  back  to  the  head  of  the  question,  "Which  is  the  man?" 
I  rather  like  No.  1,  if  he  goes  at  it  right,  even  If  he  is  sent  after 
a  "bucket  of  blast."  "half-round  squares,"  "Johnson  bars"  and 
"red-lamji  oil."  He  Is  In  position  to  get  what  he  came  for,  and 
if  he  does  not  get  it.  It  is  his  own  fault.  ^  Of  course,  he  docs  not 
get  the  practical  experience  handling  men,  but  If  a  man  has  it  in 
him  to  rule  or  handle  men,  I  think  it  does  not  take  long  to  develop 
this  faculty,  and  also  that  of  knowing  what  to  do  at  the  proper 
time. 

I  have  known  more  special  apprentices  to  rise  in  the  mechanical 
world  than  men  starting  as  helpers  and  working  up.  If  I  wanted 
to  become  a  locomotive  engineer,  I  would  start  helping;  but.  on 
the  other  hand,  if  I  wanted  to  become  a  master  mechanic,  I  would 
start  in  as  an  apprentice  and  then  finish  out  each  detail  until  I 
had  finished,  then  be  open  for  engagement. 

D.  G.  CUNNINGH^iM, 

A.,  T.  &  S.  F.  Ry.  Roundhouse  Foreman,  Needles,  Col. 


To   the   Editor: 

The  question  of  "The  Shop  as  a  School"  has  been  closely  fol- 
lowed and  with  much  Interest.  However,  but  one  side  has  been 
presented,  and  I  beg  to  bring  to  attention  a  few  facts  from  the 
other  point  of  view. 

In  begiiHiing.  let  me  enter  a  third  contestant,  C,  in  the  race  be- 
tween A  and  B.  He  may  or  may  not  have  had  a  technical  or 
even  university  education,  but  he  is  the  lucky  son  of  capital  or 
position,  by  virtue  of  which  he  is  endowed  with  what  is  known 
simply  as  "a  big  pull."  The  question  now  of  who  wins  Is  too 
easy,  for  it's  a  100-to-l  shot  with  no  takers  that  C  will  be  a 
general  manager  while  A  and  B  are  still  wearing  overalls.  This 
case  is  not  an  exaggerated  condition  at  all.  but  one  which  con- 
fronts A  and  B  in  the  great  majority  of  cases.  How  far  do  we 
have  to  look  for  an  exhibition  of  partiality— what  young  man  who 
IS  a  "big"  man  in  railroad  work  got  there  without  "pull"?  These 
conditions  are  the  chief  disorganizers  and  reasons  for  demoraliza- 
tion—it's the  reason  B  doesn't  rise  faster  and  it's  what  keens  \ 
back  a  little. 

Railroad  men  of  the  day  should  not  lose  sight  of  the  plain  truth 
that  graduates  enter  railroad  work  at  a  great  disadvantage  as 
compared  with  other  opportunities.  It  is  a  doubtful  question 
whether  railroad  work  offers  sufficient  inducements  for  the  best 
fitted  students  to  enter  it.  As  for  offering  equal  advantages,  there 
can  be  no  doubt.  It  is  but  necessary  to  compare  for  a  moment 
the  prospects  of  a  young  man  void  of  "pull"  in  railroad  work  and 
in  other  fields.  The  former  means  long  hours  in  ohe  of  the 
poorest  places  to  live,  very  small  pay  to  start  with  and  for  years 
to  come,  slow  promotion  and  the  hardest  kind  of  work  On  the 
other  hand,  manufacturing  and  commercial  concerns  offer  gener- 
ally the  advantages  of  a  city,  better  salaries  to  start  with  and  un- 
questionably larger  and  more  frequent  increases,  shorter  hours 
and  a  wider  range  for  the  nractice  of  the  profession  chosen.  Is  it 
any  wonder  that  the  young  graduate  turns  to  the  brightest  pros- 
pects and  puts  his  energies  where,  even  in  the  beginning,  he  can 
feel  sure  of  getting  some  reward? 

It  is  a  fact  that  young  men— graduates  of  technical  schools- 
to-day  consider  railroads  as  affording  the  poorest  field  of  any 
mechanical  line.  The  writer,  meeting  a  college  friend  not  long  ago 
(whose  father  before  his  death  was  a  well-known  motive-power 
man),  was  asked  what  he  was  doing.  "Working  for  a  railroad" 
was  the  reply,  and  instantly  came  the  brotherly  advice  in  the 
questioning  form,  "Why  don't  you  quit  it?"  Another  acquaintance 
who  after  college  was  also  graduated  from  the  apprentice  course 
of  one  of  the  larger  roads,  was  asked  why  he  left  railroad  work 
and  forthwith  the  truthful  answer  came.  "No  money  or  promotioi^ 
in  it."  A  graduate  of  ten  years'  ex-perience  has  latelv  been  made 
electrical  engineer  of  a  7,000-mile  road  at  a  salary  that  wouldn't 
pay  his  way  through  college.  Another  graduate  of  less  than  three 
years  has  been  sent  abroad  by  a  manufacturing  company  at  a 
nearly  equal  salary.  These  examples  are  boua  fide,  no  "pull""  bein<' 
in  any  way  present,  and  to  offset  them  there  is  a  general  manager 
barely  30  years  old,  son  of  a  president,  and  two  division  'sup"er- 
intendents  of  about  the  same  age  who  also  have  fathers.  The 
writer  at  the  time  of  his  graduation  was  informed  by  those  sujh 
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posed  to  be  in  charge  that  it  would  take  two  years  to  reach  his 
name  on  the  waiting  list  of  applicants  for  admission  to  tlio  appren- 
tice course  of  a -certain  railroad's  shops.  In  just  about  that  time 
a  newspaper,  under  the  I'aption  "Sons  of  Jlillionaires  Build  Kn- 
giues,"  made  a  target  of  several  who  graduated  one  and  two  ycju-s 
after  I  did.  The  son  of  the  superintendent  of  a  locomotive  works 
who  refused  me  a  job  in  the  sliops  is  now  ready  to  enter  the  Held, 
and  will  be  watched  witli  some  interest  in  his  efforts. 

In  conclusion,  and  speaking  for  those  to  come,  as  well  as  for  tbi' 
present  employees,  the  writer  suggests  a  pointer  which  if  better 
regulated  would  certainly  increase  the  efforts  and  temptations  of 
those  in  railroad  work : 

1.  A  fair  field,  with  no  favorites  for  the  iiositions  we  are  all 
aiming  for. 

2.  Salaries  equal  to  those  which  can  be  obtained  from  other 
concerns,  offering,  besides  shorter  hours,  less  night  work  and  an 
opportunity  to  see  something  of  life  other  than  the  passing  of  the 
"limited   express"   twice   a   day. 

3.  .Vssurance  that  there  is  always  room  at  the  top.  which  it 
should  be  understood  is  a  height  not  a  million  miles  off  and  wliicli 
is  unencumbered  by  a   lot  of  healthy  men   at  present. 

C.   \V.  ('. 


To   the   Editor: 

In  fairness  to  both  men  under  consideration,  and  to  best  realize 
what  each  accomplishes  in  three  years,  I  will  consider  tliem  to  a 
slight  extent  in  detail,  and  quote  portions  from  the  original  wliere 
desirable. 

.Tudging  from  wliat  the  second  man  accomplished  in  the  round- 
house, he  must  have  remained  there  about  one  year.  At  the  be- 
ginning of  the  second  year,  I  will  assume,  he  enters  the  shop.  In 
that  year  he  eats  at  the  table  with  the  men,  lives  among  them, 
understands  them  thoroughly,  gains  the  friendship  and  respect  of 
men  and  bos.ses,  becomes  the  best  man  in  the  gang,  and  is  selected 
for  gang  foreman  and  fills  the  position  successfully — in  one  year. 

With  no  actual  previous  training,  he  enters  the  machine  shoii. 
is  started  on  eccentric  straps,  and  in  spite  of  the  jealousy  of  the 
men  and  discourageemut  fiom  the  foreman,  in  less  than  a  year, 
probably  nine  months,  he  is  not  only  appointed  assistant  foreman, 
but  is  holding  the  position  successfully.  In  the  other  three 
months  of  the  year  he  is  firing  a  locomotive  and  holding  his  own 
with  the  rest.  A  record  of  progress  in  one  year  even  excelling 
that  of  his  second  year.  Sub-foreman,  we  might  say,  of  round- 
house, gang  foreman  of  erecting  shop,  assistant  foreman  of  ma- 
chine shop,  and  locomotive  fireman — in  three  years.  It  is  small 
wonder  he  is  popularly  considered  the  best  man — "Because  he  is 
painted  so." 

And  what  of  the  other  fellow  of  assumed  equal  ability  who  has 
spent  three  years  in  the  shop?  Has  he  not  gained  the  respect 
and  friendship  of  the  men  and  bosses?  If  he  has  not — and  the 
article  infers  this — he  is  not  of  equal  ability  with  the  second. 
Has  he  in  three  years  gained  nothing  but  "a  general  insight  into 
shop  practices"?  Then  be  is  not  of  equal  ability  with  the  second. 
Is  the  best  that  can  be  said,  "He  does  very  well"?  The  article 
also  says,  "He  ought  to  be  prepared  for  a  position  of  responsi- 
bility, if  he  has  profited  by  his  opportunities,"  qualifying  a  praise 
by  suggesting  the  contrary.  Farther,  the  article  says,  "The  shop 
is  modified  to  suit  the  first,  and  the  ofiicers  of  the  road  do  him 
homage."  This  is  cited  as  a  strong  point  against  him,  and  yet 
in  reading  the  article  it  seems  that  the  shop  is  more  modified  to 
suit  the  second  man,  and  I  think  it  reacts  more  to  his  credit  than 
otherwise;  and  yet  the  original  suggests  the  moral,  "It  is  a  dis- 
advantage to  cultivate  the  good  will  of  one's  superiors." 

The  popular  view  that  No.  2  is  the  better  man  is  not  surprising. 
He  is-  the  better  man,  "Because  he  is  painted  so."  The  hypothesis 
that  the  men  are  of  equal  abilitv  equal  mental  and  physical  skill, 
seems  in  the  article  to  have  been  entirely  lost  sight  of.  No.  2  is 
an  exceptional  man  and  will  succeed,  as  he  has  thus  far  succeeded, 
in  whatever  he  undertakes.  No.  1  has  been  unattractively  painted, 
and  has  evidentlj'  accomplished  little  of  value  to  himself  or  to  the 
company. 

In  conclusion,  1  claim  that  the  original  supposition  lias  by  no 
means  been  carried  out,  for  with  equal  ability  and  mental  skill 
or  tact  they  will  both  find  their  level  as  surely  as  water  un- 
restrained will  find  its  level,  and  they  will  rise  side  by  side  until 
the  character  and  personal  attributes  of  one  gain  for  him  some 
especial  and  well-merited  reward.  F.   E.  SEELEY. 


To  the  Editor: 

-Vs  it  has  not  been  so  very  long  since  I  was  a  special  apprentice 
myself.  I  have  read  with  interest  your  editorial  in  the  October 
numlier  and  the  replies  thereto  in  the  November  number,  compar- 
ing the  work  and  value  of  a  special  apprentice  with  those  of 
another  technical  young  man  who  goes  alone  into  the  shop  and, 
;u<  (jrding  to  the  story,  wins  on  his  merits. 

It  seems  to  me  that  man  No.  1  is  practically  ignored  and  the 
whole  article  focused  on  man  No.  2,  who  is  certainly  a  prodigy 
for  accomplishing  all  the  things  he  is  credited  with  in  the  time 
allowed  him — three  years.  Suppose  you  take  the  smartest  young 
man  graduated  from  the  best  technical  school  in  the  country  and 
let  him  enter  the  boiler-washing  gang  in  some  roundhouse,  being 
entirely  unknown  to  the  officials  of  the  mechanical  department. 
Do  you  believe  that  in  a  few  months  he  will  have  improved  the 
methods  of  boiler  washing  to  such  an  extent  that  his  ability  will 
be  noticed  and  make  him  foreman  of  the  gang?  Again,  he  goes 
into  the  erecting  shop  and  in  less  than  a  year  has  overcome  preju- 
ilice  of  foreman  and  men,  learned  all  that  is  necessary  to  know 
in  order  to  become  a  gang  boss — a  five  to  ten  years'  job  for  an 
ordinary  man — and  has  become  a  gang  boss,  being  placed  over 
good,  capable  men  of  ten  to  twenty  years'  experience !  Does  this 
.seem  i)robable?  Again,  he  goes  into  the  machine  shop  as  a  lathe 
hand  and  is  soon  offered  the  position  of  assistant  foreman,  having 
liresumably  worked  bis  way  aroinid  to  all  the  various  machines  and 
mastered  them  all,  else  he  would  not  be  competent  to  direct  tlie 
work  of  others,  .\fter  this  last  achievement  he  goes  to  firing,  and 
is  soon  a  regular  member  of  the  freight  pool — all  of  this  inside  of 
three  years. 

It  seems  to  me  tliat  anynne  flunking  this  matter  over  tliouglit- 
fully  cannot  help  but  come  to  the  conclusion  that  it  would  be  im- 
possible for  any  man  to  accomplish  in  three  years  what  man  No.  2 
was   credited   with   doing. 

In  regard  to  the  statement  that  special  aiqirentices  are  given 
special  privileges  and  led  to  believe  that  they  are  being  traitied 
for  oiiicial  positions  and  are  "The  Coming  It,"  as  Mr.  Whyte  ex- 
lu-essed  it,  I  would  like  to  .say  a  word,  viz..  that  in  the  shop  in 
which  I  worked  the  special  apprentice  had  no  special  lu-ivileges. 
the  regular  apprentice  being  moved  i^round  from  one  kind  of  work 
to  another  with  the  .same  regularity  as  was  the  special  appren- 
tice, and  worked  in  the  same  departments.  The  only  "special 
privilege"  the  .special  apprentice  had  over  his  less  fortunate  brother 
was  the  privilege  of  .saving  money  for  "the  company"  by  running 
hard  road  tests  at  the  rate  of  $35' per  month,  when  otherwise  they 
would  have  had  a  $100  or  A125  engineer  of  tests. 

In  regard  to  the  idea  that  the  special  apprentice  is  given  to  be- 
lieving himself  the  coming  railroad  official,  I  would  say  that  where 
I  "served  my  time"  we  were  given  to  understand  that  our  semi- 
contract  with  the  railroad  company  ended  in  three  years.  At  that 
time,  if  we  had  proved  of  value  to  the  company,  we  would  be 
retained,  and  promoted  as  opportunity  and  our  abilities  per- 
mitted. It  seems  to  me  that  a  man  who  has  spent  four  years  in  a 
technical  school,  is  from  23  to  24  years  of  age,  and  is  willing  to 
spend  three  years  in  a  railroad  sliop,  starting  in  at  12%  cents 
per  hour,  all  for  the  sake  of  the  experience  he  will  obtain,  should 
be  credited  with  more  sense  than  to  believe  that  all  he  had  to  do 
to  become  an  official  was  to  pass  three  years  in  a  railroad  shop. 

W.  S.  R. 


AN  IMPROVED    KNUCKLE    PIN    FOR    PASSENGER 

COUPLERS. 

Michigan  Central  Railroad. 


•  The  difficulty  met  with  in  removing  and  replacing  knuckles 
and  knuckle-pins  of  passenger  couplers  is  a  serious  one  on 
account  of  the  buffers  overlapping  the  pins  to  such  an  extent 
that  the  pins  cannot  be  removed  without  first  in  some  way 
compressing  the  buffers,  removing  them,  or  by  taking  down 
the  couplers. 

A  knuckle-pin  for  passenger  couplers,  so  constructed  that  it 
could  be  as  easily  and  quickly  removed  as  with  freight  coup- 
lers, has  been,  up  to  the  present  time,  an  unsolved  problem. 
One,  however,  meeting  all  requirements,  that  will  commend 
itself  to  railroad  men  generally,  and  to  car  men  in  particular, 
simple   in   construction  and   operation,   inexpensive,   and   that 
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does  not  change  existing  conditions,  has  been  devised  on  the 
Mic:higan  Contral  Railroad  and  is  already  in  usi:  on  many  cars. 
This  simplo  devioo  is  so  clearly  illustrated  in  the  accompany- 
ing engraving  that  little  remains  to  he  said  in  the  way  of  ex- 
planation. 

The  pin  is  made  without  a  head  in  order  to  permit  its  move- 
ment downward  through  the  coupler-head.  Its  lower  end  is 
I'educed  in  size  below  that  of  the  body,  thus  forming  what  may 
for  convenience's  sake  be  called  a  pintle.  A  detachable  support, 
or  washer,  with  a  hole  through  its  center  just  sufficiently  large 
to  receive  the  pintle  end,  furnishes  a  support  for  the  pin;  this, 
in  turn,  is  carried  by  another  and  fixed  support,  cast  on  or 
fastened  to  the  under  side  of  the  lower  lug,  cored  out  in  such  a 
manner  as  to  provide  a  seat  for  the  detachable  support,  hold 
it  in  position,  and  permit  of  its  being  inserted  or  removed  at 
will.  Through  this  fixed  support  is  a  hole  of  the  full  size  of 
the  pin,  through  which  the  pin  may  pass  freely  to  and  from 
the  coupler  when  the  detachable  support,  or  washer,  is  re- 
moved. As  will  be  readily  seen,  when  in  place  the  pin  rests  on, 
and  its  weight  is  carried  by,  the  detachable  support,  which,  in 
turn,  is  held  in  place  by  the  fixed  one.  To  remove  the  pin,  it  is 
raised  until  the  pintle  end  is  clear  of  the  movable  support. 


THE  REQUIREMENTS  OF  MACHINE  TOOL  OPERATION. 

WITH    .Sl'ECIAL    liKFEBENCE    TO    TIIK    M0Tf>R    DRIVE. 


The  tool  Steel  Is  the  keynote  to  the  situation  and  a  com- 
plete knowledge  of  Its  characteristics  and  possibilities  form 
the  starting  point  for  all  further  work.  Carbon  steel  will  give 
a  finer  finish  on  steel  than  the  air  hardening  variety  and,  for 
form  cutters,  is  still  largely  used.  Where  heavy  roughing 
cuts  are  possible,  air  hardening  steel  has  unquestionably  re- 
placed it  and,  in  fact,  the  recent  developments  in  the  processes 
of  hardening  have  been  the  direct  means  of  revolutionizing  old 
methods  of  machine  tool  design  and  so-called  shop  practice. 

We  must  ever  bear  in  mind  that  "best  shop  practice"  should 
mean  "arriving  at  the  desired  result  at  the  lesust  cost"  and 
can  be  used  in  a  relative  sense  only.  We  constantly  hear  ma- 
chinists condemn  a  means  of  arriving  at  a  result  irrespective 
of  its  merits,  their  reason  being  that  "it  is  not  good  practice." 
Lf  drilling  with  a  feed  of  1-16  of  an  inch  per  revolution  gives 
the  desired  finish  in  much  less  time,  it  is  certainly  good  prac- 
tice and  if,  under  these  conditions,  we  find  a  sharp  point  on 
the  drill  is  not  essential,  so  much  the  better.    Twist  drills  are 


KNUCKLE  PIN  SUPPORT  TOR    PASSENGER  COUPLERS. 

This  support  is  then  taken  from  its  seat  out  through  the  slot 
in  the  side  of  the  fixed  support,  which  leaves  the  passage  clear 
for  the  downward  removal  of  the  pin.  In  replacing,  the  re- 
verse of  this  operation  is,  of  course,  followed. 

For  couplers  already  in  use,  provision  is  made  for  the  head- 
less pin  by  making  the  fixed  support  as  a  separate  piece  and 
fastening  it  to  the  coupler  by  means  of  machine  bolts.  This 
method  has  proven  very  satisfactory.  The  engraving  shows 
the  device  as  applied  to  old  and  also  to   new  couplers. 

In  freight  couplers  there  is  no  advantage  in  headless  pins, 
nor  in  removing  them  from  the  under  side;  but  there  is  a 
great  advantage,  in  both  passenger  and  freight,  in  having  the 
pins  supported  at  the  lower  end  instead  of  at  the  upper,  which 
will  hold  in  place  the  lower  end  or  piece  of  pins  that  often 
break  in  service,  invariably  resulting  in  breaking  off  the  upper 
lug  of  the  coupler.  The  loss  from  this  cause  is  extremely  large, 
as  was  shown  by  a  paper  read  before  the  Western  Railway 
Club  at  its  meeting  in  Chicago  last  May;  so  it  can  be  said 
that  the  bottom-supported  pin  is  valuable  for  both  passenger 
and  freight  couplers. 

This  device  is  receiving  a  great  deal  of  attention  from  rail- 
road men,  who  invariably  speak  in  favorable  terms  of  Its 
merits.  It  is  the  invention  of  Mr.  J.  A.  Chubb,  superintendent 
of  air-brakes  of  the  Michigan  Central  Railroad. 
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BREAKING-DOWN    POINT    OF     STEELS. 


now  run  from  four  to  six  times  as  fast  as  used  to  be  consid- 
ered possible. 

The  influence  of  the  Taylor-White  process  tool  steel  has 
been  so  revolutionary  in  character  that  it  merits  dwelling 
upon  it.  The  underlying  principle  of  this  discovery  is  clearly 
shown  on  the  accompanying  curve,  which  is  plotted  from 
values  of  cutting  speeds  and  temperatures.  It  will  be  seen 
that  this  curve  rises  from  the  zero  point  until  the  tempera- 
ture of  1550  degrees  is  reached,  when  the  cutting  values  sud- 
denly fall  off.  this  representing  the  full  extent  of  our  knowl- 
edge, when  the  experiments  at  Bethlehem  were  undertaken. 
The  most  interesting  and  valuable  fact,  that  these  values 
again  increase  if  the  hardening  temperature  is  carried  beyond 
the  "breaking  down  points,"  was  the  result  of  the  work  just 
referred  to,  and  the  superiority  of  steel  treated  in  this  way 
as  compared  with  Sheflield  Mushett — which  was  probably 
equal  to  any  air-hardening  steel  on  the  market  at  that  time, 
may  be  expressed  as  follows: 

Mushett.  Tavlor-White. 

IOC  Steel 1.0  i:l 

30CSteel 1.0  3.3 

Cast  Iron 1.0  1.3 

These  figures  are  the  result  of  a  series  of  tests  conducted 
by  the  Franklin  Institute  and  represent  the  facts  as  nearly 
as  they  could  be  determined.  There  are  now  a  number  of 
makes  of  steel  in  the  market  treated  along  the  lines  ex- 
plained above,  which  give  equally  as  good  results. 

An  exact  knowledge  of  the  cutting  speeds  of  which  these 
tools  will  permit  when  machining  different  materials,  and  the 
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power  to  pull  various  cuts  under  all  conditions,  are  absolutely 
essential  if  we  wish  to  properly  design  machine  tools  or  use 
them  to  their  full  capabilities  in  actual  service.  The  value 
of  this  information  is  now  being  realized  by  several  of  the 
machine  tool  builders  and  the  results  are  already  being  felt  in 
the  shop  in  the  form  of  much  more  efficient  toolB. 

The  motor  drive  makes  the  measurement  of  power  so  simple 
that  we  may  arrive  at  these  results  with  comparatively  little 
difficulty.  A  series  of  experiments  was  recently  conducted  in 
the  shops  of  the  Link-Belt  Engineering  Co.  to  determine  the 
best  air  hardening  tool  steel  for  use  on  cast  iron,  using  a 
specially  arranged  testing  lathe  and  the  necessary  accessories. 
This  particular  lathe  gives  126  spindle  speeds  increasing  in 
5  per  cent,  increments  and  is  especially  adapted  to  this  work. 
It  is  a  48-in.  Loage  &  Shipley  lathe  with  its  motor  controller 
operated  from  the  carriage;  it  has  42  speeds  ahead  and  six 
reserve,  in  a  range  of  6  to  1.  Electrical  instruments  were  used 
to  take  records  of  the  energy  absorbed  and  the  cutting  speeds 
were  carefully  determined  by  suitable  instruments. 

The  accompanying  table  is  a  portion  of  a  record  and  shows 
the  method  of  tabulating  this  data.  One  hundred  and  twenty- 
five  tests  on  various  tools  were  made  in  this  series  of 
experiments,  the  depth  of  cut  and  feed  being  kept  constant 
and  the  speed  varied  so  that  the  tool  would  last  just  twenty 
minutes. 

TESTS    OF    TOOL    STEELS. 


Cast  Iron. 
Cutting,  Dry. 


November  24,  1902. 
Tool— l?^in.x?^  ins. 


Kind  of  Steel  in  Tool.  Self-Hardening 
Kind  of  Tool,  Right  Hand  RoughinK. 
Clearance  Angle  of  Tool,  8  Degrees. 

Rake  Angle  of  Tool  {|f-yg^«'- 


t- 

4J 

a 

S 

<t-i 
o 

M 

B 

t 

o 

o 

3 

U 

■5.S 

-1  . 

u  m 

i 

i 

o 

.fl 
a 
Q 

■O  3 

a 
o 

C  C 

.3  =3 
u 

2  a 

2 
o 
> 

o 
o. 

a 

< 

go 

Remarks 

H 

3 
O 

C 

Q 

q 

HE- 

-£ 

24 

.0606 

3/16 

f    97. 
\    91.7 

Taylor 
Wbite 
H.  S.  H. 
No.  1. 

16J4 

21% 

21 

0 

{ 

130 
131 

30 
5 

16>A 

Ruined. 

25 

.0606 

3/16 

/  103. 
\   100. 

Capitol 

No.  1. 

20 

21% 

21 

16"^ 

1 

170 
172 

24 
5 

21« 

Fair. 

26 

.0606 

3/i6 

(    105. 
{    104. 

Capitol 
No.  2, 

20 

■i^ 

21 

37% 

71 
172 

4 
5 

,,,11 

""-le 

Good. 

27 

.0606 

3/16 

r    194. 
1    101. 

Capitol 
No.  3. 

13 

21 

20% 

0 

lUV 
170 

27 
5 

14!^ 

Ruined. 

28 

.0606 

3/16 

1    104. 
1    101 

Taylor 
White 
No    1. 
T.  W. 

nVi 

21 

20% 

U)« 

161 
172 

26 
5 

12!^ 

Ruined. 

29 

0606 

3/16 

/    100. 
I     99.1 

.Tessop 
No.  1. 

20 

21 

20% 

27 

132 

13S 

26 
5 

20% 

Good. 

30 

.C606 

3/16 

(    10.5. 
1    101. 

Jessop 
No.  2. 

20 

im 

20H 

0 

166 
167 

24 
S 

< 

Ruined. 

31 

.0606 

3/16 

/  107. 
1    197.5 

Jessop 
No.  1. 

20 

mi 

20H 

< 
0 

168 
170 

24 
5 

23 

Good. 

32 

0606 

3/16 

j    115.5 
1    111.5 

.lessop 
No.  4. 

13 

20% 

mi 

1 

168 
170 

25 
5 

KH 

Good. 

33 

.0606 

3/16 

/   125. 
t   115. 

Jessop 
No.  3. 

^4 

■iOH 

19% 

\ 

166 
170 

28 
5 

■Wi 

Ruined. 

34 

.0606 

3/16 

/    118. 
\   109. 

Jessop 
No.  2. 

im 

19% 

Wi 

{ 

167 
170 

28 
5 

13l6 

Ruined. 

:» 

.0606 

3/16 

A  few  experiments  only  would  prove  of  little  value,  as  the 
factors  are  so  variable  in  character.  The  uniformity  of  the 
tool  must  be  determined,  then  the  cutting  speed  for  material 
ol  all  kinds,  and  finally  the  relations  between  these  quanti- 
ties should  be  ascertained  and  empirical  formulae  derived. 

With  the  present  light  on  the  subject,  it  seems  strange  in- 
deed how  machine  tools  could  have  been  designed  in  the 
past,  and  it  is  not  strange  that  we  can  now  criticise  the  course 
pursued.  We  do  feel,  however,  that  the  manufacturers  of 
such  apparatus  are  slow  in  adopting  the  proper  course,  al- 
though in  every  instance  we  have  found  them  open  to  con- 
viction and  glad  to  discuss  the  problem  from  the  present 
standpoint. 


It  is  not  now  my  intention  to  discuss  the  subject  of  machine 
tool  design,  but  I  do  wish  to  say  that  the  most  inefficient  part 
of  most  shops  is  the  machine  tool  equipment,  and  until  the 
user  of  this  apparatus  realizes  this  point  and  demands  ma- 
chines designed  along  the  correct  lines  the  desired  result 
will  not  be  reached. 

To  those  who  have  not  given  the  subject  close  study  this 
statement  may  seem  to  be  without  foundation,  but  it  matters 
not  what  type  of  tool  we  consider,  its  shortcomings  can^  be 
readily  pointed  out.  The  feeds  on  tne  average  drill  press 
are  ridiculously  low,  the  power  supplied  and  rigidity  of  the 
frame  on  machines  using  multiple  cutters  are  out  of  all  pro- 
portion to  the  work  we  should  be  able  to  absorb  at  the  cut, 
and  so  on. 

The  foregoing  paragraphs  were  selected,  as  of  unusual  in- 
terest to  the  users  of  machine  tools,  from  an  admirable  paper 
delivered  recently  before  the  New  York  Electrical  Society  by 
Mr.  Charles  Day,  of  the  firm  of  Dodge  &  Day,  Philadelphia, 
Pa.  His  paper  is  an  excellent  treatment  of  this  Important 
subject  and  we  heartily  recommend  our  readers  to  secure 
complete  copies  of  the  paper  for  furtner  study,  which  may 
be  obtained  from  tue  secretary  of  the  society,  Mr.  Geo.  H. 
Guy,  114  Liberty  street.  New  York  City. 


Mr.  T.  S.  Lloyd,  superintendent  of  motive  power  of  the  Dela- 
ware, Lackawanna  &  Western,  has  been  given  charge  of  the 
car  department  upon  the  retirement  of  Mr.  L.  T.  Canfleld  from 
railroad  service.  Thus  another  independent  car  department  is 
placed  under  the  direction  of  motive-power  officers.  Mr.  Lloyd 
has  in  two  years  put  the  locomotive  department  of  this  road 
into  excellent  condition,  and  the  able  management  of  Mr.  Can- 
field  has  brought  the  car  department  to  a  plane  which  will 
render  it  easy  to  conduct  the  two  in  one  office.  The  high 
esteem  in  which  Mr.  Canfield  is  held  by  his  former  associates 
was  manifested  by  a  large  gathering  of  his  friends  on  the 
occasion  of  his  leaving  his  office  and  the  unexpected  presenta- 
tion of  beautiful  and  appropriate  tokens.  His  ability  and 
efficiency  as  an  officer  are  accompanied  by  unusual  personal 
traits  which  make  his  subordinates  and  associates  his  friends; 
in  fact  his  relations  with  his  subordinates  constitute  no  small 
part  of  the  reason  for  his  success.  Mr.  Canfield  is  now  vice- 
president  of  the  Standard  Railway  Equipment  Company,  of  St. 
Louis.  Mr.  Lloyd  has  reorganized  the  car-department  official 
staif  to  suit  the  new  conditions  and  has  extended  the  juris- 
diction of  the  various  mechanical  officers  over  the  car  depart- 
ment. Mr.  Lloyd  was  educated  at  the  Western  University, 
near  Pittsburgh,  and  was  an  apprentice  at  the  Pittsburgh  Loco- 
motive Works.  After  serving  as  machinist  in  a  number  of 
railroad  shops  he  was  made  foreman  at  Port  Wayne,  under 
Mr.  F.  D.  Casanave.  In  1890  he  went  to  the  Chesapeake  & 
Ohio,  as  master  mechanic  of  the  Cincinnati  division,  and  was 
promoted  to  the  position  of  general  mechanic  at  Richmond. 
The  present  addition  to  his  responsibilities  Is  one  for  which  he 
is  admirably  prepared. 
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SECTION  V. 


(Continued,  from  Page  362,  December,  1902.) 

Editor's  Note. — This  portion  of  the  report  includes  Tables 
VI.  to  XIII.,  inclusive.  Next  month  we  shall  proceed  with  the 
text 
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Speed 

Pounds  of  Steam  Used 
Cutoff 


TABLE  VI. 

TWENTY-MILE  SERIES. 

CONSTANTS. 

/Miles  Per  Hour 20 

\R.  P.  M 97.!J 

I  Per  Hour 8090 

\  Per  Minute l.'tS 

/  In  Inches 5.8 

\  In  Percent,  of  Stroke....  2i.8 

RESULTS. 


M.  B.  P.  63  Ibii. 


I.            n. 

III. 

IV. 

V. 

VI. 

1                   II. 

III. 

IV. 

V. 

VI. 

I 

11. 

III. 

IV. 

V. 
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o      a, 
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0  aJ 

.046 

a 
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N 

O 

Z 

m 

on  -n 
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11 

1 

1 

1 

1.2 

3.3 

.119 

.099 

2 

1.23 

.9 

.0324 

.026 

2 

1.22 

1.9 

.0684 

.056 

2 

1.14 

8.1 
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8 

3 

1.2 

%■ 
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3 
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Base   No.    1           4 
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1. 
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1.2 

2, 
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6-D 
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.8 
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5 

1.05 
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.086 
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5 

1.11 
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6 

1.3 

.8 
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6 

1.2 
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B 
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1.5 

1. 
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1.25 

1. 

.036 

.02a 

3 

1.22 

2.1 

.076 

.062 

3 

1-A           4 
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2.0 

.072 

.060 

Base  No.   4 

4 

1.25 

1.2 

.043 

.036 

5 

1.12 
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TABLE  VII. 

THIRTY-MILE  SERIES. 

CONSTANTS. 

Miles  Per  Hour 30 

H.P.  M H.i.8 

Per  Hour 10.548 

Per  Minute 175 

In  Inche.s 6. 

In  Per  Cent,  of  Stroke.    25  3 

llESULTS. 


M.  E.   P.  55.6   lbs. 


I. 


Stack. 


II.      III. 


in  V  jr 

003  M 


IV.  V. 

Smoke  Box 

Pressure. 


VI. 
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.027 

.015 

2 

3 

Base  No.   1          4 

1.65 

.9 

.036 

.022 

1.8 

1.1 

.0396 

.022 

5 

1.63 

1.8 

.036 

.022 

6 

1.8 

1.8 

.036 

.02 

7 

1.8 

1.1 

.0396 

.022 

1 

1.75 

1.25 

.036 

.021 

2 

1.75 

1.25 

.045 

.026 

3 

1.79 

1.3 

.0468 

.026 

1-A         4 

1.8 

1.4 

.0504 

.028 

5 

1.64 

1.4 

.0504 

.037 

6 

1.8 

1.4 

.0503 

.028 

7 

1.9 

1.2 

.0433 

.023 

1 

1.6      . 

.9 

.032 

.02 

2 

1.7 

1.2 

.0432 

.025 

3 

1.84 

1.2 

.0432 

.023 

1-B          4 

1.5 

1.5 

.0546 

.036 

5 

1.63 

1.6 

.0576 

.035 

6 

1.8 

1.6 

.0576 

.032 

7 

1.8 

1.6 

.0576 

.032 

1 

1.9 

1. 

.036 

.019 

2 

1.65 

1.1 

.0396 

.024 

3 

1.82 

1.2 

.0432 

.024 

1-C          4 

1.7 

1.4 

.05 

.03 

5 

1.65 

1.5 

.054 

.033 

6 

1.8 

1.6 

.0576 

.032 

7 

1.7 

1.8 

.0649 

.038 

1 

1.9 

1. 

.036 

.019 

2 

1.62 

1.1 

.0396 

.024 

3 

1.8 

1.2 

.0432 

.024 

1-D          4 

1.7 

1.5 

.054 

.032 

5 

1.63 

1.6 

.0576 

.035 

6 

1.7 

1.8 

.0648 

.038 

7 

1.5 

1.8 

.0649 

.043 

1 

1.85 

1.8 

.065 

.036 

2 

1.65 

2. 

.072 

.044 

3 

1.79 

2. 

.072 

.04 

2-A          4 

1.6 

2.1 

.076 

.047 

5 

1.65 

1.8 

.065 

.039 

6 

1.8 

1.6 

.058 

.032 

7 

1.85 

1.4 

.050 

.027 
.047 

1 

1.9 

2.5 

.09 

2 

1.67 

2.7 

.0972 

.058 

3 

1.77 

2.6 

.0936 

.053 

2-B          4 

1.8 

2.8 

.1008 

.056 

5 

1.65 

2.6 

.0936 

.057 

6 

1.8 

2.2 

.0792 

.044 

7 

1.8 

1.9 

.0684 

.038 

1 

1.7 

2.9 

.104 

.061 

2 

1.62 

3.2 

.1152 

.071 

3 

1.8 

3.1 

.1116 

.062 

2-0         4 

1.6 

3. 

.108 

.067 

5 

1.62 

3. 

.108 

.067 

6 

1.7 

2.7 

.0972. 

.057 

7 

1.75 

2.4 

.0865 
.111 

.049 
.062 

1 

1.8 

3.1 

2 

1.53 

3.6 

.1296 

.085 

3 

1.84 

3.55 

.128 

.07 

2-D         4 

1.8 

3.5 

.126 

.07 

5 

1.63 

3.2 

.1152 

.071 

6 

1.8 

3. 

.108 

.06 

7 

1.8 

2.8 

.1008 

^56 

1 

2 

3 

Base  No.  2          4 

1.67 

1.7 

.0612 

.037 

1.7 

1.6 

.058 

.034 

5 

1.62 

1.4 

.05 

.031 

6 

1.8 

1.1 

.039 

.022 

7 

1.8 

.8 

.029 

.016 

1 

1.8 

1.8 

.065 

.036 

2 

1.72 

2. 

.072 

.042 

3 

1.75 

2.2 

.079 

.045 

3-A          4 

1.8 

2.2 

.079 

.044 

5 

1.65 

2. 

.072 

.044 

6 

1.8 

1.8 

.065 

.036 

7 

1.8 

1.5 

.054 

:oe4 

.03 

1 

1.85 

1.8 

.036 

2 

1.74 

2.2 

.0792 

.045 

3 

1.65 

2.2 

.079 

.048 

3-B          4 

1.6 

2.4 

.086 

.054 

5 

1.6 

2.4 

.086 

.054 

6 

1.8 

2.2 

.079 

.044 

7 

1.9 

2.1 

.076 

.039 

1 

1.8 

1.9 

.068 

.038 

2 

1.72 

2.2 

.0792 

.046 

3 

1.77 

2.4 

.nsR 

.048 

S-C           4 

1.7 

2..'i5 

.092 

.054 

5 

1.65 

2.6 

.094 

.067 

6 

1.8 

2.« 

.094 

.062 

7 

1.8 

Z.S 

.09 

.08 

I. 

II. 

III. 

IV. 

V. 

VI 

Smoke  Box 

Pressure. 

a> 

ill 

^  i 

o 

Stack. 

N 

o 

z 

on  m 

o  cd  2 

m 
» 

3-D 


1.8 

1.63 

1.67 

1.6 

1.62 

1.8 

1.8 


2. 

2.1 

2.3 

2.5 

2.8 

?.7 

2.7 


.072 

.0756 

.082 

.09 

.101 

.097 

.097 


.040 
.046 
.049 
.056 
.062 
.054 
.054 


4-A 


1.8 

1.7 

1.75 

1.6 

1.63 

1.7 

1.85 


2.5 
2.9 
2.6 
2.5 
2.2 
1.8 
1.3 


090 

.05 

1042 

.061 

096 

.053 

09 

.056 

079 

.049 

065 

.038 

047 

.025 

4-B 


4-C 


1.9 

1.7 

1.75 

1.65 

1.65 

1.6 

1.95 

1.8 

1.63 

1.75 

1.65 

1.67 

1.8 

1.8 


1.9 

1.67 

1.73 

1.7 

1.7 

1.8 

1.8 


3.1 
3.4 
3.1 
3. 
2.8 
2.3 
1-9, 
3.4 
3.9 
3.6 
3.3 
3.2 
2.8 
_2.3_ 

3.9 
4.3 
3.8 
3.6 
3.6 
3.4 
2.8 


.112 

.122 

.1116 

.108 

.101 

.083 

.068 

.122 

.1402 

.130 

.118 

.115 

.101 

_^083 

.140 

.1548 

.137 

.129 

.129 

.122 

.101 


.059 
.072 
.063 
.066 
.061 
.052 
.035 
.064 
.086 
.074 
.071 
.069 
.056 
_.046 
.074 
.093 
.079 
.076 
.076 
.067 
.056 


I. 

II. 

III. 

IV.           V. 
Smoke  Box 
Pressure. 

VI. 

stack. 

N 

SjSoT 

SsS      gg 

O 

Z 

onS 

1^1    l5 

6-D 


1.7 

1.7 

1.6 

1.95 

1.6 

1.7 

1.85 


4.3 

4. 

4. 

3.8 

3.3 

2.8 

2.4 


.155 

.144 

.144 

.1368 

.1188 

.1008 

.086 


.091 

.085 

.09 

.07 

.074 

.059 

.046 


Base  No.  4 


1.68       2.4 


1.65 


1.8 
1.95 


.7 
.5 


.086 


.025 
.018 


.051 
.031 


.014 
.009 


1.63 

1.72 

1.67 

1.65 

1.65 

1.6 

1.9 


2.9 

3. 

2.5 

2.3 

1.8 

1.4 

1. 


Bas«  No.   3 


1.7 

1.9 


1.8 
1.8 


2.2 
1.6 


.0792 
.0576 


.0324 
.0216 


.0466 
.031 


.0179 
.012 


5-A 


1.7 

1.68 

1.7 

1.7 

1.65 

1.7 

1.85 


2.6 

2.7 
2.6 
2.3 
2.1 
1.7 
1.3 


.094 

.0972 

.0936 

.0828 

.0756 

.0612 

.0468 


.055 
.058 
.055 
.048 
.046 
.036 
.026 


1.67 

1.7 

1.75 

1.7 

1.67 

1.8 

1.8 


2.6 
3.3 
2.8 
2.8 
2.6 
2.4 
2. 


.094 

.1188 

.1008 

.1008 

.0936 

.086 

.072 


5-C 


5-D 


1.65 

1.65 

1.78 

1.8 

1.7 

1.7 

1J5 

1.65 

1.65 

1.75 

1.7 

1.63 

1.7 

1.95 


2.6 

3. 

3. 

3.2 

3. 

2.9 

2.5 

2:7 

3.2 

3. 

3.3 

3.6 

3.2 

3.1 


.094 

.108 

.108 

.1152 

.108 

.104 

.094  _ 

.097 

.1152 

.108 

.1188 

.1296 

.115 

.1116 


1.62 

1.64 

1.7 

1.75 

1.65 

1.8 

1.8 


2.9 

2.9 

2.8 

2.3 

2. 

1.6 

1.1 


.104 

.1042 

.1008 

.0828 

.072 

.0576 

.0396 


6-B 


i.e 

1.7 

1.8 

1.7 

1.63 

1.7 

1.75 


3.2 

3.5 

3.5 

2.9 

2.8 

2. 

1.6 


.115 

.126 

.126 

.0044 

.1008 

.072 

.0576 


.056 
.07 
.057 
.059 
.056 
.048 
^4 
.057 
.065 
.061 
.064 
.063 
.061 
.049 
.059 
.07 
.062 
.07 
.08 
.068 
_^057 
.064 
.064 
.059 
.047 
.044 
.032 
.022 
.072 
.074 
.07 
.061 
.062 
.042 
.033 


1.67 
1.7 
1.7 
1.7 
1.63 
1.75 
1.75 
1.62 
1.8 
1.8 
1.82 
1.68 
1.75 
_1^6q_ 
1.62 
1.9 
1.87 
1.7 
1.68 
1.8 
1.8 


3. 

3.4 

2.9 

2.9 

2.7 

2.1 

1.7 

"3. 
3.7 
3.6 
3.2 
3.3 
2.8 

_2^3_ 
3.1 
4.1 
4.0 
3.5 
3.7 
3.2 
2.9 


.104 
.108 
.09 
.082 
.064 
.050 
.036_ 
".108 
.122 
.104 
.104 
.097 
.075 
.061 
"108" 
.133 
.13 
.115 
.118 
.105 
^q83_ 
.112 
.148 
.144 
.128 
.133 
.115 
.104 


.064 
.063 
.054 
.050 
.039 
.031 

^19 
.065 
.072 
.061 
.062 
.06 
.043 
.035 

".067 
.074 
.072 
.063 
.071 
.058 
^052 
.069 
.078 
.077 
.075 
.079 
.064 
.057 


1.65 

1.7 

1.82 

1.7 

1.65 

1.8 

1.85 


2.9 
3.0 
2.6 
2. 
1.5 
1.1 
.8 


.104 
.108 
.093 
.072 
.054 
.039 
.028 


.063 
.063 
.062 
.042 
.033 
.022 
.015 


8-B 


1.67 

1.67 

1.72 

1.5 

2.1 

1.95 

1.8 


3.2 

3.3 

3. 

2.4 

2.2 

1.7 

1.2 


.115 
.118 
.108 
.086 
.079 
.061 
.043 


.069 
.071 
.063 
.057 
.038 
.031 
.024 


8-C 


1.69 

1.63 

1.8 

1.6 

2.3 

1.9 

1.75 


3.6 
3.6 
3.6 
2.8 
2.8 
2.1 
1.6 


.129 

.129 

.130 

.10 

.1 

.075 

.057 


.076 

.08 

.072 

.063 

.043 

.04 

.033 


6-C 


1 

1.55 

3.6 

.155 

.083 

2 

1.73 

3.9 

.1402 

.081 

3 

1.8 

3.9 

.14 

.077 

4 

1.85 

3.3 

.1188 

.064 

5 

1.61 

3. 

108 

.067 

A 

1.8 

2.6 

.09 

.06 

7 

1.S6 

2.1 

.0758 

.044 

1.8 
1.8 
1.8 
1.7 
2.3 
1.8 
1.85 


4. 

4. 

4. 

3. 

3.3 

2.4 

1.9 


.144 
.144 
.144 
.108 
.118 
.086 
.068 


.08 

.08 

.08 

.063 

.043 

.047 

.037 


No  rm  al ,  Petticoat 
Pipe  In  • 


1.8 


2.8 


.055 


Normal. Petticoat 
Pipe  Out  ♦ 


1.8 


3.2 


Sliding   A 


2.1 
1.7 
1.9 


2.8 
2.7 
2.3 


Sliding   B 


Sliding  C 


1.9 

1.7 

1.9 

2 

1.6 

2. 


2.6 
3. 

2.8 
3.2 
3.4 
3.2 


.101 

.097 
^082_ 

.093 
.108 
.101 
.115 
.122 
.115 


Sliding    D 


•  Normil. 


1.8 
1.6 
1.8 


3.3 

3.4 
3.4 


.119 

.122 
.122 


.064 

.04 

.057 

.043 


.049 
.063 

.053 
.057 
.076 
.057 
.066 
.076 
.068 
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Speed I 

Pounds  of  Stoam  Used j 

Cutoff { 


TABLE  VIII. 

FORTY-MILE  SERIES. 

0ON8TANTS. 

Milos  I'er  Hour 40 

It.  P.  M 18-1.4 

Pur  Hour 12588 

PerMinute 1116 

In  Inches 6.4 

In  Per  Cent,  of  Stroke.    26.9 

HESUI.TS. 


M.  E.  P.  52  0  lbs. 


I. 

II. 

III. 

IV. 

V. 

VI. 

I. 

II. 

III. 

IV. 

V. 

VI. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Smoke  Box 

Smoke  Box 

Smoke  Box 

Pressure. 

Pressure. 

Pressure. 

stack. 

6 

M 

1 

°    1 
"  u  E* 

5^o 

■6 

§1 
O  fll 

(1.0 

a 

1 

Stack. 

1 

o     ■S 

^  ^  <U 
o  al  « 

vi  cd 

§1 
o  (d 
PnO 

a 

B 

Stack. 

6 

1 

■S£» 

£0.2 

•6 

11 
o  d 

o 

a 
« 

1 
H 

2.7 

1.2 

.043 

.016 

1 

2.6 

2.4 

.086 

.033 

1 

2.1 

4.8 

.173 

.082 

2 

2.24 

1.2 

.043? 

.019 

2 

2.23 

2.7 

.0972 

.044 

2 

2.25 

6. 

.18 

.08 

3 

3 

2.6 

3. 

.108 

.041 

3 

2.3 

5.2 

.1872 

.081 

Base  No.   1 

4 

2.25 

1.3 

.0468 

.021 

3-D 

4 

2.4 

3. 

.108 

.045 

G-D 

4 

2.4 

4.4 

.1684 

.066 

5 

2.25 

1.2 

.0432 

.019 

5 

2.2 

3. 

.108 

.049 

5 

2.2 

4.1 

.1476 

.067 

6 

2.4 

1.2 

.0432 

.018 

6 

2.2 

3.1 

.112 

.051 

6 

2.26 

3.3 

.1188 

.053 

7 

2.55 

1. 

.036 

.014 

7 

1 

2.4 
2.3 

3.2 
.3 

.115 
.108 

.048 
.047 

7 

2.6 

2.8 

.1008 

.04 

1 

2.3 

1.2 

.043 

.019 

1 

2 

2.25 

1.4 

.0504 

.022 

2 

2.3 

3.3 

.118i 

.052 

?. 

2.30 

2.8 

.1 

.043 

H 

2.50 

1.6 

.057' 

.023 

3 

2.35 

3. 

.108 

.046 

3 

1-A 

4 

2.3 

1.7 

.061 

.027 

4-A 

4 

2.2 

2.9 

.104 

.047 

Base  No.  4 

4 

2.3 

1.7 

.061 

.027 

.5 

2.22 

1.7 

.0612 

.028 

b 

2.3 

2.5 

.09 

.039 

E 

6 

2.2 

1.7 

.0612 

.028 

6 

2.2 

2. 

.072 

.033 

6 

2.3 

.76 

.027 

.012 

V 

1 

2.45 
2.2 

1.5 
1.4 

.054 
.05 

.022 
.023 

7 

2.4 

1.4 

.05 

.021 

7 

2.36 

.5 

.018 

.008 

1 

2.2 

3.6 

.126 

.057 

1 

2.22 

3.4 

.122 

.056 

2 

2.3 

1.4 

.050' 

.022 

2 

2.35 

4.1 

.147( 

.063 

?. 

2.35 

3.6 

.129 

.055 

3 

2.35 

1.4 

.050; 

.021 

3 

2.34 

3.4 

.122 

.052 

3 

2.13 

3. 

.108 

.051 

1-B 

4 

2.25 

1.8 

.065 

.029 

4-B 

4 

2.26 

3.6 

.130 

.068 

7-A 

4 

2.33 

2.7 

.097 

.042 

6 

2.21 

1.9 

.068' 

.031 

b 

2.27 

3.2 

.152 

.051 

5 

2.25 

2.4 

.086 

.033 

6 

2.4 

1.9 

.068< 

.028 

6 

2.4 

2.7 

.097 

.041 

6 

2.3 

1.6 

.057 

.025 

7 

1 

2.25 
2.65 

1.9 
1.4 

.0684 
.05 

.03 
.018 

7 

2.6 

2.1 

.076 

.029 

7 

1 

2.3 

2.18 

1.1 
3.6 

.039 
.129 

.017 

1 

2.5 

4.3 

.155 

.062 

.059 

2 

2.23 

1.4 

.050' 

.023 

2 

2.3 

4.6 

.1656 

.072 

2 

2.25 

4.2 

.158 

.07 

3 

2.52 

1.4 

.050; 

.02 

3 

2.28 

4. 

.144 

.063 

3 

2.30 

3.6 

.130 

.056 

1-0 

4 

2.05 

1.7 

.061i 

'       .03 

4-C 

4 

2.3 

4. 

.144 

.063 

7-B 

4 

2.4 

3.4 

.122 

.051 

B 

2.13 

1.8 

.0641 

.03 

5 

2.34 

3.7 

.133 

.057 

5 

2.22 

3. 

.108 

.049 

« 

2.2 

1.9 

.068' 

.031 

6 

2.4 

3. 

.108 

.046 

6 

2.2 

2.4 

.086 

.039 

7 

1 

2.4 

2.45 

2. 
1.3 

.072 
.047 

.03 
.019 

7 

2.3 

2.6 

.094 

.041 

7 
1 

2.2 
2.21 

1.9 

3.6 

.068 
.129 

.031 

1 

2.8 

6.3 

.191 

.068 

.058 

2 

2.25 

1.4 

.050' 

.022 

2 

2.27 

6. 

.18 

.079 

2 

2.35 

4.G 

.166 

.071 

3 

2.4 

1.4 

.050: 

.021 

3 

2.41 

4.4 

.158 

.065 

3 

2.37 

4. 

.144 

.061 

1-D 

4 

2.3 

1.8 

.0641 

.028 

4-D 

4 

2.4 

4.3 

.155 

.065 

7-C 

4 

2.35 

3.8 

.136 

.058 

5 

2.22 

1.9 

.068' 

.031 

6 

2.4 

4.2 

.161 

.063 

5 

2.22 

3.8 

.136 

.062 

6 

2.2 

2. 

.072 

.033 

6 

2.4 

3.8 

.136 

.057 

6 

2.3 

3.2 

.1156 

.05 

7 

2.3 

2.1 

.075( 

t       .033 

7 

2.35 

3.2 

.115 

.049 

7 

1 

2.45 
2.21 

2.9 

.104 

.043 

1 

2.6 

2.3 

.083 

.032 

1 

3.9 

.14 

.067 

2 

2.27 

2.4 

.086'i 

1       .038 

2 

2.35 

2.8 

.1008 

.043 

?. 

2.4 

4.7 

.169 

.070 

3 

2.35 

2.6 

.0936 

i       .04 

3 

3 

2.3 

4.2 

.151 

.066 

2-A 

4 

2. 

2.4 

.0864 

I       .043 

Base  No.  3 

4 

2.45 

1.9 

.0684 

.028 

7-D 

4 

2.2 

4.2 

.151 

.069 

5 

2.21 

2.2 

.0795 

i       .036 

5 

n 

2.25 

4.2 

.151 

.067 

6 

2.4 

2. 

.072 

.03 

6 

2.45 

1.1 

.039€ 

.016 

« 

2.36 

3.7 

.133 

.057 

7 

2.45 

1.6 

.057£ 

!       .024 

7 
1 

2.25 
2.41 

.7 
3.2 

.0252       .011 
.115          .048 

7 

2.35 

3.6 

.126 

.054 

1 

2.4 

3.1 

.111 

.046 

1 

2.22 

3.6 

.126 

.057 

2 

2.2 

3.2 

.1155 

!       .052 

2 

2.33 

3.5 

.126 

.054 

2 

2.3 

3.6 

.129 

.056 

3 

2.37 

3.3 

.1181 

.05 

3 

2.4 

3.1 

.iiie 

.046 

3 

2.4 

3. 

.108 

.045 

2-B 

4 

2.2 

3. 

.108 

.049 

5-A 

4 

2.4 

2.8 

.1008       .042 

8-A 

4 

2.35 

2.3 

.082 

.035 

b 

2.25 

2.9 

.1044 

I       .046 

5 

2.25 

2.4 

.0864 

.038 

5 

2.33 

1.9 

.068 

.029 

6 

2.4 

2.5 

.09 

.037 

6 

2.2 

2. 

.072 

.033 

6 

2.30 

1.26 

.045 

.02 

7 

1 

2.4 
2.45 

2.2 
3.5 

.079; 
.126 

!       .033 
.051 

7 
1 

2.35 
2.37 

1.4 
3.2 

.0503 
.115 

.021 
.049 

7 

2.35 

.9 

.032 

.014 

1 

2.26 

4.1 

.148 

.066 

2 

2.15 

3.8 

.136! 

!       .064 

2 

2.4 

3.9 

.1402       .058 

?. 

2.4 

4.2 

.151 

.063 

3 

2.38 

3.7 

.133! 

!       .056 

3 

2.36 

3.4 

.1221 

.052 

3 

2.45 

3.6 

.126 

.051 

2-C 

4 

2.3 

3.5 

.126 

.055 

5-B 

4 

2.45 

3.2 

.1152        .047 

S-B 

4 

2.35 

2.9 

.104 

.045 

5 

2.25 

3.5 

.126 

.056 

5 

2.25 

3.2 

.1152 

.051 

5 

2.5 

2.4 

.086 

.035 

6 

2.2 

3.1 

.111« 

5       .051 

6 

2.3 

2.8 

.1008        .044 

fi 

2.4 

1.9 

.068 

.028 

V 

2.2 

2.7 

.097; 

!       .044 

7 
1 

2.4 
2.3 

2.8 

.0792 

.033 
.05 

7 

2.25 

1.4 

.05 

.022 

1 

2.45 

4. 

.144 

.059 

3.2 

.115 

1 

1.27 

4.6 

.162 

.071 

2 

2.1 

4.3 

.154! 

!        .074 

2 

2.25 

3.6 

.129(1       .058 

2 

2.25 

4.4 

.158 

.07 

1 

3 

2.42 

4. 

.144 

.059 

3 

2.4 

3.6 

.130 

.054 

3 

2.4 

4. 

.144 

.06 

2-D 

4 

2.4 

3.9 

.140' 

1       .058 

5-C 

4 

2.4 

3.7 

.1332       .055 

8-C 

4 

2.25 

3.4 

.122 

.054 

5 

2.21 

4. 

.144 

.065 

5 

2.25 

3.6 

.1296 

.057 

5 

2.7 

3. 

.108 

.037 

6 

2.4 

3.4 

.122 

.051 

6 

2.25 

3.4 

.122 

.054 

6 

2.4 

2.4 

.086 

.036 

7 

2.25 

3.2 

.1151 

!       .051 

7 
1 

2.4 
2.45 

3.1 
3.4 

.111£ 
.122 

.046 

7 

2.2 

1.9 

.068 

.031 

1 

.05 

1 

2.4 

4.9 

.176 

.073 

2 

2.33 

2.1 

.075( 

5       .032 

2 

2.26 

3.8 

.1368 

.059 

2 

2.23 

4.7 

.169 

.075 

3 

3 

2.3 

3.6 

.13 

.056 

3 

2.4 

4.2 

.151 

.069 

Ba!;e  No.  2 

4 

2.3 

1.9 

.068 

.030 

5-D 

4 

2.45 

4. 

.144 

.054 

S-D 

4 

2.4 

3.6 

.130 

.054 

5 

2.22 

1.6 

.058 

.026 

5 

2.22 

3.9 

.140' 

.063 

5 

2.8 

3.6 

.129 

.036 

6 

2.2 

1.2 

.043 

.019 

6 

2.3 

3.8 

.1368 

.059 

6 

2.4 

2.7 

.097 

.04 

7 

2.5 

.9 

.032 

.013 

7 

2.35 

3.5 

.126 

.054 

7 

2.25 

2.3 

.082 

.036 

1 
2 

2.6 
2.4 

2.3 

2.6 

.082 
.094 

.032 
.039 

1 

2 

2.4 
2.3 

3.6 
3.5 

.129 
.126 

.0.'i4 
.O.'iB 

Normal.Petllcoat 

3 

2.4 

2.65 

.096 

.039 

3 

2.2 

3.4 

.122 

.055 

Pipe 

In 

2.4 

3.9 

.14 

.058 

8-A 

4 
5 
6 
7 

2.2 
2.23 
2.2 
2.5 

2.6 
2.4 
2.1 
1.7 

.094 
.086 
.076 
.061 

.043 
.038 
.034 
.025 
.039 

6-A 

4 
5 

Q 

2.45 
2.28 
2  4 

2.7 

2.4 
1  8 

.0972       .04 
.0864        .036 
0648        -027 

Normal.Petticoat 
Pipe  Out           • 

2.4 

3.8 

.136 

.057 

7 

2.4 

1.3 

.0468 

.019 

Sliding 

A 

1 
2 

2.8 
2.2 

3.6 
3. 

129 
.108 

.046 

1 

2.5 

2.7 

.097 

1 

2.27 

4. 

.144 

.064 

.049 

2 
3 

2.3 

2.5 

2.6 
2.9 

.094 
.104 

.041 
.042 

2 
3 

2.33 
2.2 

4.2 
4.2 

.151 

.151 

.065 
.068 

3 

2.3 

2.7 

.097 

.042 

1 

2  6 

3  0 

108 

041 

8-B 

4 
R 

2.3 
2.25 

2.9 

2.9 

.104 
.104 

.045 
.046 

e-B 

4 
5 

2.3 
2.24 

3.4 
3. 

.1224        .05;-! 
.108          .048 

Sliding 

B 

2 
3 

2.2 
2  3 

3.4 
3  1 

.122 
111 

.055 
048 

6 

2.2 

2.6 

.094 

.043 

« 

2.15 

2.4 

.086 

.040 

7 

2.65 

2.4 

.087 

.033 

7 

2.25 

1.9 

.0684 

.030 

Sliding 

C 

1 
2 

2.6 
2.3 

3.5 
3.9 
4  2 

.126 
140 

061 

1 

2.5 

2.7 

.097 

.038 

1 

2.1 

4.4 

.158 

.075 

.151 

.06 

2 

2.27 

2.S 

.100 

1       .044 

2 

2.26 

4.6 

.165(1        .073 

3 

2.34 

2.7 

.0!17 

.045 

3 

2.2 

4.5 

.162 

.074 

1 

2.4 

4.0 

.144 

.■06 

3-0 

4 

2  3 

3.1 

.112 

.049 

e-c 

4 

2  3."^ 

a.fi 

.140' 

OR 

.flirting  D 

2 

2.2 

4.1 

.147 

.067 

K 

2.23 

3.1 

.112 

.05 

5 

2.27 

3.4 

.1224        .05R 

3 

2.4 

4.0 

.144 

.06 

6 

2.3 

8. 

.108 

.047 

6 

2.2 

2.9 

.104 

.047 



' 

7 

2.4 

2.8 

.101 

.042 

7 

2.25 

2.4 

,0884       .038 

•  Normal. 
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TABLE  IX. 

PIIPTY-MILB    SERIES. 
CONSTANTS. 


TABLE  X. 
saiHas  a^lIM-AJ,XIS 


CONSTANTS. 


Speed 

Pounds    of    Stcait    Used. 


Miles    per    hour. 


/  Miles    pel 
1  R.    P.    M 


50 
...      243 

Per    Hour 14194 

Per    Minute 236 

Cut-Off j  In    Inches 6.8 

■  \  In   Per  Cent,  of  Stroke.  .     28. B 


Speed 

Pounds   of   Steon 


I  Miles  Per  Hour. 
IR.  P.  M 


60 
.  .  281.6 


/  Per  Hour 1B040 

ir       - 


Used ^ 

Per  Minute    260 

Cut-Off (In   Inches 7.2 

\  In  Per  Cent,  of  Stroke.  .  30.0 


M.   E.   P.   41.5   lbs. 


E.   P.  40.0     lbs. 


RESULTS. 
III. 


IV.  V. 

Smoke  Box  Pressure. 


Stack. 


Nozzle. 


1 

2-B  2 

3 

1 

2-C  2 

3 

1 

2-D  2 

3 

1 

4-B  2 

3 

1 
2 
3 

1 
2 
3 

1 

6-B  2 

3 

1 

6-C  2 

3 

1 

6-D  2 

3 


Observed 

Back 

Pressure, 

Pounds. 

3. 

2.96 
2.9 


Inches 

of 
Water. 
Observed. 
3.1 
3.1 
3.4 


3. 

3.1 

2.8 

3.5 

3. 

3.1 


4. 

3.9 

4. 


5.1 
4.3 
4.6 


2.9 

3. 

3. 


4.2 

4. 

4.2 


2.8 
2.8 
2.7 


4.6 
3.2 
4.0 


2.8 

2.85 

2.7 


5.1 
4.8 
4.2 


2.7 

3. 

2.6 


5.4 
6.4 
4.6 


Sliding   A 


Sliding  B 


Sliding  C 


Sliding  D 


Pounds, 
Calcu- 
lated. 

.115 

.115 

.123 


VI. 


Effi- 
ciency. 


.038 
.038 
.042 


II. 


RESULTS. 
III. 


IV.  V. 

Smoke  Box  Pressure. 


VI. 


.144 

.14 

.144 

.187 
.154 
.165 


.048 
.044 
.OBI 


.062 
.061 
.054 


.151 
.144 
.151 


.053 
.046 
.05 


1 

3. 

2.9 

2.9 

4.9 
4.4 
4.2 

.176 
.158 
.161 

.068 

4-C          

2 

.054 

3 

.052 

1 

3.4 

3. 

2.8 

5.7 

5. 

4.6 

.205 

.18 

.156 

.06 

4-D          

2 

.06 

3 

.066 

.165 
.115 
.144 


.059 
.041 
.062 


.183 
.172 
.151 


.063 
.061 
.066 


.194 
.194 
.165 


.069 
,064 
.063 


8-B 

1 
2 
3 

3. 
3.1 

2.8 

4.6 
4.3 
3.8 

.165 
.154 
.136 

.OBB 

.06 

.048 

8-C 

1 
2 
3 

2.8 

3. 

3. 

6.2 
4.8 
4. 

.187 
.172 
.144 

.066 
.057 
.048 

8-D 

".'. 

•'•' 

1 
2 
3 

3. 

2.9 

3.2 

5.6 
5.2 

5.4 

.198 
.187 
.194 

.066 
.066 
.06 

Normal 

Petticoat, 

P; 

ipe 

In 

Normal 

3. 

4.6 

.165 

.055 

Normal 

Petti 

icoat. 

Pi 

ipe 

Out  Normal 

2.8 

4.4 

.158 

.057 

236 
216 
201 


.06 

.058 
.052 


1 

3.4 

4. 

.144 

.042 

2 

2.8 

3.5 

.126 

.045 

3 

2.9 

3.1 

111 

.038 

1 

3.2 

3.6 

.129 

.04 

2 

2.9 

3.9 

.140 

.048 

3 

3. 

3.6 

.129 

.043 

1 

3.1 

4. 

.144 

.046 

2 

2.3 

3.9 

.14 

.061 

3 

3.4 

B.2 

.18 

.OBS 

1 

3. 

4.2 

.IBl 

.OB 

2 

2.8 

4.6 

.165 

.059 

3 

3. 

4.8 

.172 

.057 

Normal  Petticoat. 

Pipe  In 

Normal 

3.6 

6.2 

.187 

.053 

Normal  Petticoat, 

Pipe  Out  Normal 

3.2 

6. 

.180 

.056 

1 
2 
3 

3.8 
3.2 
3.5 

4.2 
3.8 
3.1 

.151 
.136 
.111 

.04 

Sliding  A     

.042 

.032 

1 
2 
3 

3.7 
3.8 
3.3 

4. 

4.9 

3.9 

.144 
.140 
.140 

.039 

Sliding  B     

.038 

.042 

1 
2 
3 

3.4 

3.2 
3.6 

4.6 
5.1 
5.3 

.165 
.183 
.190 

.048 

.067 

.052 

1 
2 
3 

3.6 
3.2 
S.B 

4.8 
6.1 
B.4 

.173 
.183 
.194 

.049 

SlldiBg  D     

.057 

.066 
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TABLS  XI. 


TABLE  Xll. 


IB  PER  CHNT.  CUT-Orr  SBRIHIB. 
CONSTANTS. 


2«.8  PER  CENT.  CUT-Orr  8ERIM. 
CONSTANTS. 


Cut-Off 1 1°  yfi*®?. 


In  Per  Cent,  of  Stroke.  . 


4.t 

lb 


Cut-Off. 


Pounds   of   Steam    Used (  !<"■   "?>"■,    *J2? 

\  Per  Minute    162 

40 
184.4 


Speed I  M"|,s  Per  Hour. . . . 


/  In    Inches    6.4 

'  '     (In  Per  Cent,  of  Stroke.  .     26.9 

/  Per   Hour    12988 

■    ■  I  Per  Minute    216 

o,„„.,i  (Miles  Per  Hour 40 

'""-'-'' 1  R.  P.  M 184.4 


Pounds    of   Steam    Used. 


M.  E.   P.   35.4   lbs 


M.  E.  P.  50.1  lbs. 


I. 

Rl 
11. 

Nozzle. 
1 

ESULTS. 
III. 

Observed 

ilack 
Pressure, 
Pounds. 

1.6 

1.4 

1.4 

IV.                    V. 
Smoke  Box  Pressure. 

VI. 

suck. 

Inches 

of 
Water, 
Observed. 
1.6 
1.6 
2. 

Pounds. 
Calcu- 
lated. 
.0576 
.0576 
.072 

Effi- 
ciency. 

.036 

2-B         

2 

.041 

3 

.061 

1 

1.6 
1.4 
1.6 

2. 
2. 
2.4 

.072 
.072 
.0864 

.06 

2-C          

2 

.051 

3 

.054 

1 

1.5 

1.4 
1.6 

2.4 
2.4 
2.6 

.0864 
.0864 
.0936 

.058 

2-D         

2 

.062 

3 

.058 

1 

1.5 
1.4 
1.5 

2.2 
2.2 
2.4 

.0792 
.0792 
.0864 

.053 

4-B         

2 

.057 

3 

.058 

I 

1.4 
1.3 
1.6 

2.5 
2.4 
2.6 

.0738 
.0864 
.0936 

.053 

4-C          . . .    . 

2 

3 

.066 
.062 

1 

1.4 
1.4 
1.5 

3.1 
2.6 
2.8 

.1116 
.0936 
.1008 

.079 

4-D          

2 

.067 

3 

.067 

6-B          .  .  .  .  . 

1 

2 

1.5 
1.4 
1.6 

2.3 
2.2 
2.4 

.0828 
.0792 
.0864 

.056 
.056 

3 

.054 

1 

1.6 
1.4 
1.4 

8. 

2.8 

2.6 

.108 

.0936 

.0836 

.072 

6-C          

2 

.067 

3 

.067 

1 

1.5 
1.4 
1.5 

2.9 
2.4 
3. 

.1044 
.0864 
.108 

.069 

6-D         

2 

.062 

3 

.072 

I 

1.2 
1.2 
l.S 

2.6 
2.2 
2.2 

.09 

.0792 

.0792 

.075 

8-B         

2 

.066 

3 

.068 

1 

1.3 

1.4 
1.4 

2.7 
2.6 
2.4 

.0972 
.0936 
.0864 

.076 

8-C          

2 

.067 

% 

.062 

\  ' 

1.4 
1.4 
1.4 

3.2 
3.6 
3. 

.1152 
.1296 
.108 

.082 

8-D         

?. 

.093 

,^ 

.076 

II. 


stack.  Nozzle- 

1 

2-B     2 

3 

1  2.4 

2-C    2  2.4 

3  _  2.4 

1  2.4 

2-D    2  2.4 

3  2.6 

1  2.2 

4-B    2  2.2 

3  2.4 


RESULTS. 

III. 

IV. 

V. 

VL 

Smoke  Box  Pressure. 

Observed 

Inches 

Effi- 

Back 

of 

Pounds, 

ciency. 

le.    Pressure, 

Water, 

Calcu- 

Pounds. 

Observed. 

lated. 

2.4 

2.6 

.0936 

.039 

!              2.4 

2.6 

.0936 

.039 

1              2.3 

3. 

.108 

.047 

3.2 
3.2 
3.6 


.1162 
a  162 
.1098 


4.2 
3.8 
4.4 


.1512 
.1368 
.1684 


3.6 
3.4 
3.6 


.1260 
.1144 
.1296 


Normal  Petticoat.  Pipe  In   Nomal       1.4 


2.4 


.086 


.061 


Normal  Petticoat,  Pipe  Out  Normal       1.2 


2.4 


.086 


.072 


Sliding  A 


1.4 
1.1 
1.3 


2.0 
1.8 
1.6 


.072 
.068 
.067 


.061 
.062 
.044 


Sliding  B 


Sliding  C 


Eliding  D 


1.2 
1.4 
1.4 

1.2 

1.2 
1.2 

1.4 

1.3 
1.4 


2. 

2.1 
1.9 

2. 

2.4 

2.3 

2.2 
2.4 
2.3 


.072 
.075 
.068 

.072 
.086 
.082 

.079 
.086 
.082 


.06 

.053 
.048 

.06 

.071 

.068 

.066 
.066 
.058 


.043 
.052 
.046 


.063 
.067 
.063 

.057 
.062 
.064 


1 

2.6 
2.5 
2.6 

4.3 

4. 

4. 

.1548 

.144 

.144 

.062 

4-C          

2 

.058 

3 

.058 

1 

2.4 
2.3 
2.6 

6.3 
4.2 
4.4 

.1908 
.1612 
.1684 

.079 

4-D         

2 

.066 

3 

.063 

1 

2.4 
2.2 
2.4 

3.7 
3.7 
3.6 

.1322 
.1332 
.1296 

.066 

6-B          

2 

.06 

3 

.054 

1 

2.3 
2.4 
2.6 

4.3 
4.2 
4.2 

.1548 
.1512 
.1612 

•  .067 

6-0          , 

2 

.063 

3 

.066 

1 

2.2 

2.5 
2.4 

4.7 
4.4 
4.4 

.1892 
.1684 
.1684 

.077 

6-D          

2 

.061 

3 

.066 

1 

2.4 
2.2 
2.4 

4. 

3.8 

3.4 

.144 

.1368 

.1224 

.06 

«-B         - 

2 

.062 

3 

.051 

1 

2.6 

2.4 
2.4 

4.6 
4.2 
3.8 

.1666 
.1612 
.1368 

.066 

8-0         

2 

.063 

3 

.066 

1 

2.4 
2.6 
2.4 

6. 

4.8 

4.2 

.18 

.1728 

.1612 

.076 

g-D         , 

2 

.066 

S 

.068 

Normal  Petticoat, 

Pipe  In   Normal 

2.4 

8.9 

.140 

.068 

Normal  Petticoat. 

Pipe  Out  Normal 

2.4 

8.8 

.136 

.067 

, 1 

2.8 
2.2 
2.3 

8.6 

3. 

2.7 

.129 
.108 
.087 

.046 

Sliding  A     

2 

.049 

8 

.042 

1 

2.6 
2.2 
2.3 

3. 

3.4 

3.1 

.108 
.122 
.111 

.041 

Slldtns  B     

2 

.056 

, 3 

.048 

1 

2.6 
2.3 
2.6 

3.5 
3.9 
4.2 

.126 
.140 
.161 

.048 

Sliding  c     

2 

.081 

3 

.060 

1 

2.4 
2.2 

2.4 

4. 

4.1 
4. 

.144 
.147 
.144 

.06 

Sliding  D     

2 

.067 

3 

.06 

76 


ilAMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


TABLE  XIII. 

35    PER    CENT.    CUT-OFF    SERIES. 
CONSTANTS. 


CONVENIENT    LOCOMOTIVE    RECORD. 


Cut-Off. 


! In   Inches    . , 
[  In  Per  Cent. 


of  Stroke.  . 


^unds   of   Steam 
Speed 


Used \per  Minute 

Miles  Per  Hour. 


I  Ml 
\R. 


P.   M..  . 


8.4 

35.0 

7330 

289 

40 

194.4 


I. 

stack. 

M.  E. 

R 
II. 

Nozzle. 
1 

P.  65.4  lbs. 

ESULTS. 

III.              IV.                  V. 

Smoke  Box  Pressure. 

Observed       Inches 

Back              of              Pounds, 

Pressure,     Water,          Calcu- 

Pounds.    Observed.        lated. 

4.                4.3              .1548 

4.                  4.2               .1512 

4.                 4.6               .1656 

VI. 

Effi- 
ciency. 

.038 

2-B 

2 

.038 

3 

.041 

1 

4. 
4. 
4. 

5. 

5.    , 
5.4 

.18 
.18 
.1944 

.045 

2-C 

2 

.045 

3 

.048 

1 

4. 
4. 
4.3 

6.5 

6. 

6. 

.2340 

.216 

.216 

.058 

2-D 

2 

.054 

3 

.05 

1 

4. 

4.2 

4.3 

5.9 
5.4 
5.2 

.2124 

.1944 
.1872 

.053 

4-B 

2 

.046 

3 

.044 

1 

4. 

4.1 

3.9 

7. 

6.4 

6. 

.252 

.2304 

.216 

.063 

4-C 

2 

.056 

3 

.055 

1 

4.2 
4.2 
4.2 

7.6 
6.6 
6.2 

.2736 
.2376 
.2232 

.065 

2 

.054 

3 

.053 

1 

3.8 
4.2 
4. 

6.3 
6.8 
5.8 

.2268 
.2448 
.2088 

.059 

6-B 

2 

.058 

3 

.052 

, 

1 

4. 

3.8 
4. 

6.7 
6.9 
6. 

.2415 
.2304 
.216 

.06 

6-C 

2 

.061 

3 

.054 

1 

3.9 

4.2 
4. 

7.6 

7.4 
7. 

.2736 
.2664 
.252 

.07 

2 

.063 

3 

.063 

1 

4.2 
4.3 
3.8 

6.6 
5.9 
5. 

.2376 
.2124 
.18 

.056 

8-B 

2 

.049 

3 

.047 

1 

4.2 

4. 

4. 

7.2 

7. 
5.8 

.2592 

.252 

.2088 

.062 

8-C 

2 

.063 

3 

.052 

1 

4. 
4. 
4. 

7.8 
7.6 
6.4 

.2808 
.2736 
.2304 

.07 

8-D 

2 

.068 

3 

.057 

Normal 

Petticoat 

Pipe  In    Normal       4. 

5.7 

.202 

.061 

Normal 

Petticoat, 

Pipe  Out  Normal       4. 

5.8 

.208 

.052 

1 

3.9 

4.4 
4.8 

5.2 
4.8 
4. 

.187 
.172 
.144 

.048 

Sliding 

A         ... 

2 

.039 

3 

.03 

1 

3.8 
4.2 
4.4 

5.2 
5.1 
4.9 

.187 
.183 
.176 

.049 

Sliding 

B     

2 

.043 

3 

.04 

1 

4. 

4.4 

4.7 

5.7 
6.3 
6.2 

.205 
.226 
.223 

.051 

Sliding 

G 

.......           2 

.051 

3 

.047 

1 

4. 
4.2 

4.S 

6.2 
6.2 
6.2 

.223 
.223 
.223 

.055 

Sliding 

D    . 

2 

3 

.063 
046 

Devised  by  G.  R.  Henderson. 


This  engraving  is  from  a  photograph  of  a  convenient  and 
compact  locomotive  record  in  the  office  of  Mr.  G.  R.  Henderson, 
superintendent  of  motive  power  of  tlie  Santa  Fe.  Each  loco- 
motive on  the  road  is  represented  hy  a  bloclv  of  wood  2  ins. 
square  by  14  in.  thick.  On  each  edge  of  the  block  is  the  engine 
number,  classification  and  tractive  power.  Each  of  the  four 
edges  is  painted  with  a  color  representing  the  condition  of  the 
engine.  White  signifies  "good";  blue,  "fair";  green,  "poor." 
and  yellow,  "awaiting  the  shop."  The  blocks  are  arranged  in 
columns  in  an  open  case,  where  they  are  easily  examined  and 
moved  about  or  turned  around.  Index  blocks,  thicker  than  the 
others,  indicate  the  various  shops  or  divisions,  and  the  blocks 
are  placed  under  these  indexes  as  desired.  For  instance,  the 
block  marked 

2247  S  14,950 
refers  to  switch  engine  No.   2247,  having  a  tractive  effort  of 
14,950  lbs.    The  block  may  be  placed  under  "Topeka  Shop,"  or 
"Chicago  Division,"  or  "Reserve,"  or  "Scrapped."    The  color 
of  the  edge  of  the  block  which  is  exposed  to  view  indicates  its 


A    CONVKNfiiNT    LOCOMOTIVE    RECOKD. 

condition,  and  its  location  in  the  case  shows  its  location  on  the 
road.  Every  month  the  whole  record  is  revised  by  a  clerk 
and  the  "condition"  indications  brought  up  to  date.  Every 
week  the  location  record  is  revised.  "Good"  condition  means 
that  the  engine  will  give  90  days  or  more  of  eflacient  service; 
"fair"  means  that  an  engine  is  good  for  from  30  to  90  days  of 
service;    "poor"  means  "shop  in  30  days." 

Mr.  Henderson  devised  this  record  system  while  he  was  with 
the  Chicago  &  Northwestern,  and  it  is  still  being  used  there  very 
satisfactorily.  Mr.  Henderson  has  extended  it  also  to  the  con- 
dition of  cars.  A  large  case  in  the  car-department  office  pro- 
vides blocks  for  all  the  passenger  cars  on  the  road.  There  is 
sufficient  space  for  three  years'  records,  and  each  column  repre- 
sents a  month.  The  colors  of  the  blocks  represent  classes  of 
cars,  as  follows:  White,  mail;  yellow,  chair;  green,  smokers; 
blue,  chair;  drab,  combination,  and  pink,  dining  cars.  The 
four  sides  of  the  blocks  indicate  that  a  car  is  in  the  shop  for 
repairs  of  one  of  four  classes,  according  to  which  side  is  ex- 
posed. These  are  indicated  as  follows:  Class  A,  general  over- 
hauling and  painting,  repaneling,  or  the  original  paint  burned 
off;  class  B,  general  overhauling  and  painting,  without  burn- 
ing off  old  paint;  class  C,  general  overhauling  and  applying 
one  coat  of  coach  color,  re-striping  and  varnishing;  class  D, 
general  overhauling,  with  paint  touched  up  and  varnished. 

It  would  seem  to  be  difficult  to  devise  a  more  elastic,  com- 
pact and  convenient  system  than  this  for  keeping  a  record  of  a 
large  amount  of  equipment.  The  case  shown  in  the  engraving 
is  about  4  ft.  long  by  3  ft.  high  and  perhaps  3  ins.  deep  from 
the  wall.  It  is  a  part  of  an  admirable  system  by  which  Mr. 
Henderson  may  inspect  at  a  glance  the  condition  of  his  work. 
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WHYTE'S    LOCOMOTIVE    CLASSIFICATION. 


AUOI'TKU  UY  THIS  AMERICAN  LOCOMOTIVE  COMPANY. 


The  engineering  department  of  the  American  Locomotive 
Company,  under  the  direction  of  Mr.  J.  E.  Sague,  mechanical 
engineer,  has  adopted  the  Whyte  locomotive  classification,  de- 
vised by  Mr.  F.  M.  Whyte,  of  the  New  York  Central,  and  ex- 
plained by  him  on  page  .'ifi  of  this  journal  for  February,  1901. 

A  plan  was  desired  which  would  be  simple,  universal,  easily 
understood  and  easily  used.  It  is  based  upon  the  representa- 
tion, by  numerals,  of  the  number  and  arrangement  of  the 
wheels  of  a  locomotive,  beginning  at  the  front.  Thus  260 
means  a  "mogul"  and  460  a  "ten-wheel"  engine,  the  cipher 
denoting  that  no  trailing  wheels  are  used.  These  numerals 
may  be  separated  by  hyphens  or  they  may  be  placed  consecu- 

WHYTE'S     LOCOMOTIVE     CI.AS.SIFICATION. 

Adopted  by   American  Locomotive  Company,  ^,, 


-  040  ^  O  O 


4  WHEEL  SWITCHER 


060  A  OOP 
080  A  OOOO 
240  An  OO 
260  Ao  OOP 


4  COUPLED 


280    An     PPC  jC)        CONSOLIDATION 

?IOO    An     PPOPP      DECAPOD      

440_  An  n   P  P e  wheel 

460  An  nPPO lo  wheel 

480  An  nPPPO  12 : 


Q4_2  J_Q_Q_Q- 
062  A   PPP  O 
Ofl2  A   PPPP  O 

044  A  PPoo 

t^f^A  A   PPP  n  n 
046^   PPnno 


4COUPLEDATRAILINC 


FORNEY  4  COUPLED 


FORNEV  4  COUPLED 


066^    PPPnr.,- 

242  An  PP  n 
2,62, .^n  PPPo 


_EORME.V  scyUPLED 
COLUMBIA 


282  A  PPPPn 

244^0   PPoo 

264^0   PPPnn 

284^0   PPPP  on 

246_^Q    00  OQQ 

266^0    PPPoon 

442^ooPP()   

462  ^00  PPPo 

444  An  o  PP  o  n   

464  An  oPPP  on 
446  An  n  PP  ono 
466  ^nn  PPPonn 


^aCO UPLFDDOU B LE  LNDER 


ATLANTIC 
PACIFIC 
_4  COUPLED  DOUBLE  ENDER 


lively.  Thus  far  the  classification  is  merely  a  substitute  for 
the  old  method  of  referring  to  different  wheel  arrangements  by 
popular  names,  a  custom  which  has  given  us  the  "Central  At- 
lantic," "Northwestern,"  "Chautauqua"  and  "Atlantic"  types 
for  the  same  wheel  arrangement.  It  has  also  given  us  the 
"Pacific,"  the  "Mountain"  and  "St.  Paul"  types  for  another 
wheel  arrangement,  with  other  perplexing  nomenclature. 

In  order  to  include  in  the  classification  some  definite  factor 
which  will  convey  an  idea  of  the  character  and  size  of  a  loco- 
motive, the  American  Locomotive  Company  adds  the  total 
weight  of  the  engine  expressed  in  thousands  of  pounds.  Thus 
an  Atlantic  type  locomotive  weighing  176,000  lbs.  will  be 
classed  as  a  442-176  type.  If  the  locomotive  is  compound,  the 
letter  "C"  will  be  substituted  for  the  hyphen,  and  the  classifi- 
cation will  be  written  442C176.  Locomotives  with  tanks  on 
the  main  frames,  instead  of  separate  tenders,  will  be  indicated 


by  the  letter  "T"  in  plac^e  of  the  hyphen.  Thus  a  double-end 
suburban  locomotive  with  a  tWo-wheel  leading  truck,  six 
drivers  and  a  six-wheel  rear  truck,  weighing  214,000  lbs.,  will 
be  represented  by  266T214. 

This  action  of  these  locomotive  builders  is  to  be  commended. 
The  accomi)anying  diagram  indicates  the  new  beside  the  old 
classification. 


LUNKENHEIMBR    MECHANICAL    OIL    CUP.      * 

A  new  positive,  mcdianically  operated  oil  cup  has  been  per- 
fected by  the  Lunkenheimer  Company,  of  Cincinnati,  Ohio. 
Oil  from  the  glass  reservoir  is  fed  to  a  small  pump  below, 
through  a  sight  feed  glass,  and  all  the  oil  which  comes  down 
must  necessarily  be  delivered  to  the  desired  destination.  The 
pump  is  driven  by  the  crankpin  mechanism  (H  and  G  in  the 
engraving)  and  the  piston  rod  E.  A  lever  (J)  is  driven  by  the 
fittings  attached  to  it,  and  the  ratchet  wheel  D  is  advanced  by 
a  certain  number  of  notches,  as  determined  by  the  stroke, 
which  depends  upon  the  position  of  the  fitting  K.  The  lubri- 
cator is  mounted  upon  a  stand  and  placed  in  a  convenient  loca- 


LUNKENHEIMER    ilECHANlCAI.    OH.    CUP. FRONT   VIEW. 


tion  where  it  may  be  driven  from  the  engine,  the  oil  pipe  being 
connected  from  the  tube  C  to  the  steam  chest  or  cylinder.  A 
check  valve  is  placed  in  the  oil  connection  to  secure  satisfac- 
tory working  of  the  device.  In  starting  the  engine,  if  more 
oil  is  desired,  the  ratchet-wheel  may  be  turned  by  band.  The 
ratchet-wheel  and  pawls  are  of  hardened  tool  steel,  all  other 
metal  parts  being  of  hard  bronze  composition. 


Tests  at  partial  and  full  loads  have  been  made  by  Prof. 
Jacobus  of  Stevens  Institute  of  Technology  upon  a  Rice  &  Sar- 
gent, cross-compound  condensing  engine  at  the  Brooklyn 
plant  of  the  American  Sugar  Refining  Company.  The  engine 
had  20.03  and  40  by  42-in.  cylinders,  ani  the  average  clearance 
in  the  cylinders  was  4  per  cent  for  the  high  pressure  and  6.8 
per  cent  for  the  low  pressure..  It  was  provided  with  a  reheat- 
ing coil  in  the  receiver  which  was  supplied  with  steam  at 
boiler  pressure.  The  condenser  was  of  the  Bulkley  pattern 
and  the  engine  drove  a  direct  connected  Bullock  generator, 
the  speed  being  120  rev.  per  min.  The  tests  showed  a  water 
consumption  of  12.10  lbs.  per  horsepower-hour  at  627  horse- 
power and  12.75  lbs.  at  1,004  horse-power.  At  491  horse-power 
the  water  consumption  was  13.9  lbs.  and  at  339  horse-power  it 
was  14.58  lbs.  These  figures  represent  the  total  water  con- 
sumption, including  that  used  in  the  jackets  and  the  reheater 
coil.  The  complete  record  of  the  tests,  including  a  descrip- 
tion of  the  calibration  of  the  electrical  measuring  instruments, 
i'i  continued  in  a  pamphlet  issued  by  the  Providence  Engineer- 
ing Works,  Providence,  R.  I, 
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THE  SHARP  JOURNAL  BOX. 

The  journal  box  was  designed  and  patented  by  Mr.  W.  E. 
Sharp,  of  the  Armour  car  lines,  with  a  view  of  reducing  the 
amount  of  trouble  from  hot  boxes.  It  is  constructed  with  a 
tight  lid,  which  is  held  tightly  closed  by  a  spring  fitted  into 
the  lid  so  that  it  will  press  the  lid  against  its  seat,  and  yet 
when  the  lid  is  fully  open  the  spring  Is  out  of  the  way  and 


It  is  of  unquestionably  far  greater  advantage  to  study  with 
an  instructor  than  by  the  correspondence  school  method, 
and  we  earnestly  recommend  any  one"  desiring  instruction, 
who  can  have  access  to  the  Y.  M.  C.  A.  schools,  to  avail  him- 
self of  the  same  instead  of  the  correspondence  method. 

The  building  of  the  Twenty-third  Street  Branch,  which  is 
the  oldest,  and  the  parent  of  all,  has  recently  been  sold,  and 
a  new  building  is  now  in   process  of  erection   on  the  same 


Section  of  Box 


Detail  of  Li.1 


THE    SHAKP    JOURNAL    BOX. 


it  may  remain  open.  The  spring  is  straight  and  is  secured 
by  a  dovetail  bit  in  the  lid  itself.  The  engravings  illus- 
trate the  fitting  of  the  lid  against  the  projecting  top  of  the 
box  and  also  the  grooves  in  the  cover  at  the  sides.  These 
tend  to  keep  out  dust,  which  is  undoubtedly  the  cause  of  a 
large  proportion  of  the  hot  boxes.  To  prevent  dirt  from 
entering  the  box  at  the  inside  face,  the  dust  guard  slot  opens 
on  the  under  side.  These  boxes  have  been  in  service  for 
more  than  a  year,  giving  satisfactory  results.  They  are 
manufactured  by  the  Holland  Company,  77  Jackson  Boule- 
vard, Cnicago. 


EDUCATIONAL  IDEPARTMENTS    OF   THE  NEW  YORK 
CITY  Y.  M.  C.  A. 


The  educational  departments  of  the  various  New  York  City 
branches  of  the  Young  Men's  Christian  Association  have  this 
season  met  with  large  enrollments  in  the  classes  in  which 
both  day  and  evening  instruction  is  given  at  convenient  hours. 
Among  the  subjects  taught  are  the  following:  Arithmetic; 
algebra;  geometry;  free-hand,  architectural  and  mechanical 
drawing;    bookkeeping  and  commercial  law. 

The  courses  of  study  are  all  carefully  adapted  to  meet  the 
requirements  of  those  who  have  not  had  the  opportunity  of 
higher  education,  but  who  wish  to  better  themselves  by  study 
outside  of  working  hours,  and  particular  care  is  exercised 
for  the  individual  wants  of  each  student.  A  large  portion  of 
the  enrollment  in  the  mechanical  drawing  class  this  year  is 
from  the  ranks  of  practical  machinists,  metal  workers,  and 
even  tracers  from  draughting  offices,  who  find  the  demands  of 
the  times  to  require  of  them  their  best  efforts.  Also  many  of 
the  students  in  mechanical  drawing  are  those  who  have  had 
instruction  from  correspondence  schools  with  not  entirely 
satisfactory  results,  and  have  found  it  far  more  desirable  to 
work  with  the  assistance  of,  and  in  the  presence  of,  an 
Instructor. 


street  between  Seventh  and  Eighth  avenues.  It  is  to  cost 
when  completed  about  $850,000,  and  will  undoubtedly  be  the 
most  complete  association  building  in  the  world.  In  this 
building  class  rooms  capable  of  accommodating  over  700  stu- 
dents in  day  and  evening  classes  will  be  arranged. 


The  Vulcan  Shipbmlding  and  Engineering  Company,  of 
Germany,  builders  of  the  "Kronprinz  Wilhelm,"  the  "Kaiser 
Wilhelm  der  Grosse"  and  others  of  the  trans-Atlantic  fleet  of 
the  North  German  Llyod  Steamship  Company,  has  selected  a 
new  location  for  its  shipbuilding  yard  and  works  on  the 
River  Elbe,  near  the  North  Sea.  The  company  has  for  some 
time  been  hampered  in  constructing  and  handling  the  modern 
mammoth  ocean  liners  at  its  former  works  at  Stettin,  on 
the  River  Oder,  by  the  shallow  draft  of  tne  water  in  the  latter 
river,  as  well  as  in  its  outlet,  the  Baltic  Sea  itself.  The  inten- 
tion is.  at  first,  to  build  only  the  large  vessels  at  the  new 
works,  the  engines  for  the  same,  and  as  far  as  possible  the 
boilers  also,  to  be  supplied  by  the  Stettin  works. 


A  remarkably  strong  recommendation  for  the  chilled  cast- 
iron  carwheel  comes  from  the  Central  Railroad  of  New  Jersey. 
It  appears  that  out  of  8,000  wheels  under  1,000  ,'iO-ton  steel 
cars  built  for  that  road  by  the  Pressed  Steel  Car  Company 
but  6  wheels  were  found  to  be  detective  in  21  months  of  con- 
tinuous service.  This  amounts  to  0.75  of  1  per  cent.  These 
and  other  interesting  figures  on  this  subject  were  presented 
by  Mr.  Streicher,  of  that  road,  at  the  February  meeting  of  the 
New  York  Railroad  Club. 


An  air-lift  pumping  plant  using  the  Pohle  system  of  piping 
and  raising  water  267  ft.  is  described  in  a  recent  number  of 
Compressed  Air.  The  plant  is  at  Grinnell,  Iowa,  the  wells 
are  2,000  ft.  deep  and  the  discharge  is  at  the  rate  of  136  gals, 
per  minute. 
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THE    STAR    IMPROVED    STEAM  ENGINE  INDICATOR. 


CAST-IRON    WHEELS    AND    BRAKESHOES. 


This  instrument  combinos  good  features  of  other  Instru- 
ments of  its  kind  with  a  number  of  valuable  new  ones.  Its 
frame  is  strong  and  rigid.  The  pencil  motion  is  of  the  well- 
known  Thompson  type,  which  was  selected  because  of  its  satis- 
afctory  features  of  rigdity  and  lightness.  The  spring  ter- 
minates in  a  ball,  as  in  all  instruments  of  the  Richards  type. 
The  cylinder  is  removable  from  the  frame,  and  is  steam- 
Jacketed  to  prevent  unequal  expansion.  Instead  of  screwing 
into  the  outer  shell,  the  cap  is  threaded  into  the  interior  of 
the  top  of  the  cylinder  itself,  thus  securing  perfect  alignment 
of  the  piston-rod.  A  hard  rubber  covering  is  secured  to  the 
cap,  having  a  milled  edge,  this  material  being  non-conducting 
and  permitting  of  handling  without  the  least  discomfort.  An- 
other feature  of  this  kind  is  a  tube  to  conduct  away  the  steam 
and  hot  water  from  the  top  of  the  cylinder,  so  that  the  oper- 
ator's hand  will  not  be  burnt.  These  conveniences  are  sure  to 
be  appreciated.  To  adjust  the  height  of  the  pencil,  a  threaded 
swivel  head  is  provided  for  the  piston-rod,  and  the  atmospheric 


STAR   IMPKOVED   INDICATOR. 

line  may  be  brought  to  any  desired  location  on  the  card.  This 
Instrument  has  an  improved  clutch  detent  attachment  and  a 
helical  spring  for  driving  the  drum.  By  a  few  easily  made 
changes  the  instrument  may  be  changed  from  right  to  left 
hand.  The  Star  Brass  Manufacturing  Company,  lOS  East  Ded- 
ham  street,  Boston,  are  the  manufacturers.  They  are  equipped 
with  machinery  and  have  expert  mechanics,  their  indicator 
department  being  in  all  respects  upon  the  high  plane  of  their 
other  well-known  specialties. 


A  profit-sharing  plan  has  been  put  into  effect  by  the  Pressed 
Steel  Car  Company  for  the  benefit  of  its  employees.  The  com- 
pany will  carry  for  each  of  its  employees  who  has  been  in  its 
service  six  months,  and  whose  application  is  approved  by  the 
general  manager,  from  one  to  twenty-five  shares  of  the  com- 
pany's preferred  stock,  according  to  the  wages  or  salary  of 
the  employee.  An  initial  payment  of  5  per  cent,  on  the  stock 
must  be  made,  followed  by  monthly  payments  of  the  same 
amount.  As  interest  on  the  deferred  payments  will  be  charged 
at  only  4  per  cent,  and  the  stock  pays  7  per  cent.,  the  employees 
have  the  advantage  of  the  difference  of  3  per  cent. 


"Keep  down  the  braking  load  and  the  necessity  of  much 
braking  effort,  and  you  will  help  the  cast-iron  wheel;  increase 
either  the  speed  or  load,  or  both,  and  the  wheels  will  suffer  if 
they  are  not  proportionately  strengthened.  For  the  same 
amount  of  braking  in  the  same  period  of  time,  I  believe  that  a 
shoe  of  soft  cast-iron  will  heat  the  cast-iron  wheel  to  a  less 
extent  than  any  other  shoe  in  common  use,  for  the  reaison  that 
considerable  heat  must  be  dissipated  in  the  particles  which  are 
thrown  off  the  shoe  in  an  incandescent  state.  Apparently  the 
softer  cast  iron  allows  the  passage  of  heat  through  the  body 
of  the  shoe,  whereas  the  more  ductile,  flowing  metals,  as 
wiought  iron  and  mild  steel,  as  well  as  the  harder  and  more 
dense  chilled  and  hard  cast  iron,  apparently  hold  back  the 
heat  and  maintain  a  higher  temperature  at  the  face  of  the  shoe 
and  consequently  a  higher  temperature  at  the  wheel-face.  As 
brakshoe  makers,  our  efforts  have  been  directed  toward  retain- 
ing, as  much  as  possible,  the  soft  cast-iron  effect  in  the  brake- 
shoe,  toughening  it  by  inserts  to  resist  rapid  wear  as  well  as 
to  increase  the  grip  on  the  wheel.  We  have  been  compelled, 
however,  in  order  to  meet  to-day's  requirements,  to  reinforce 
the  cast-iron  body  by  the  addition  of  a  steel  back  as  a  safe- 
guard against  failure  in  the  shoe  by  cracking.  The  cast-iron 
wheel  cannot,  unfortunately,  be  reinforced  in  the  same  manner 
as  the  brakeshoe,  and  the  wheelmakers  can  only  add  ihore 
weight  in  the  rim  and  plate  and  improve  the  quality  of  the 
metal.  The  records  of  test  on  cast-iron  wheels  under  the 
80,000-lb.  and  100,000-lb.  capacity  freight  cars  indicate  that  the 
cast-iron  wheel  of  to-day  is  equal  to  the  increased  demand 
when  the  braking  load  is  based  on  the  light  weight  of  the  car. 
What  will  happen  to  the  cast-iron  wheel  from  the  brakeshoe 
acting  with  a  load  based  on  the  total  weight  of  the  loaded  car 
is  a  question  yet  to  be  decided. 

"In  conclusion,  and  returning  to  the  consideration  of  the 
cast-iron  wheel  to  meet  to-day's  requirements  from  the  stand- 
point of  the  relation  between  the  brakeshoe  and  the  wheel,  the 
use  of  a  flanged  brakeshoe — bearing  on  the  wheel-tread  and 
flange,  the  shoe  supported  against  failure  by  a  steel  back- 
will  materially  assist  the  successful  operation  of  the  best  cast- 
iron  wheel  that  can  be  made." 

These  are  the  concluding  paragraphs  in  a  paper  by  Mr. 
F.  W.  Sargent,  read  at  the  February  meeting  of  the  New  York 
Railroad  Club.  The  paper  should  be  carefully  read  by  everyone 
who  is  interested  in  the  operation  of  trains  and  the  main- 
tenance of  equipment. 


THE  ESSENTIALS  OF  A  GOOD  DRAFT  GEAR. 


I.  A  drawbar  of  the  strongest  material  to  resist  blows, 
jerks,  etc.,  with  secure  attachment  to  transmit  stresses  re- 
ceived. 

II.  Adequate  yielding  resistance  with  minimum  recoil,  se- 
curely housed. 

III.  Fixed  attachments  of  the  car  strong  and  well  designeil 
for  ease  of  inspection  of  the  gear,  and  well  secured  to  the  car 
so  as  to  distribute  and  dispose  of  all  stresses  as  advantageously 
as  possible. — Mr.  E.  M.  Herr,  in  a  paper  before  the  Railway 
Club  of  Pittsburgh. 


BOOKS  AND  PAMPHLETS. 


Locomotives :  Simple,  Compound  and  Electric.  By  H.  C.  Reagan 
Locomotive  Engineer.  Fourth  Edition.  578  pp..  Illustrated! 
.Tohn  Wiley  &  Sons.  -13  East  Nineteenth  street.  New  York.  1902 
Price,  $2.50. 

The  author  is  a  locomotive  engineer  and  writes  for  locomotive 
engineers  and  firemen.  He  describes  boilers,  cylinders,  frames, 
rods,   valve  motion,   the   compound   locomotive,  safety   valves,   in- 
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jectors  and  boiler  fittings,  air  brakes,  and  an  appendix  is  devoted 
to  the  electric  locomotive.  With  few  exceptions,  lie  contents  him- 
self with  descriptions  and  does  not  get  down  into  the  important 
principles.  A  large  amount  of  the  matter  is  already  available  from 
manufacturers'  catalogues. 

That  thi.s  book  is  in  its  fourth  edition  indicates  that  it  has  had  a 
good  reception,  but  to  the  reviewer  this  appears  to  be  for  lack  of  a 
better  book  rather  than  because  of  great  merit  in  itself.  It  con- 
tains new  matter,  but  does  not  reflect  the  most  important  progress 
of  the  locomotive  since  the  appearance  of  the  previous  editioij. 
Its  value  lies  chiefly  in  a  presentation  of  descriptions  of  various 
systems  of  compounding,  in  suggestions  with  re.spect  to  emergency 
repairs  for  cases  of  breakdown,  and  in  an  elementary  discussion  of 
electric  locomotives,  supplemented  by  engravings  of  a  number  of 
such  locomotives.  The  good  features  of  the  book  are  prominent, 
but  they  stand  out  from  a  lot  of  matter  much  of  which  is  old  and 
indifferently  presented.  The  locomotive  is  worthy  of  the  best  work 
of  which  any  author  is  capable,  and  this  book  should  be  revised  and 
completed.  It  should  be  brought  up  to  date  with  respect  to  present 
tendencies  of  design.  A  lot  of  obsolete  matter  should  be  discarded 
and  present  day  practice  presented  in  its  place.  The  probable 
reason  why  we  have  no  satisfactory  book  on  the  locomotive  is  that 
in  order  to  be  up  to  date  such  a  work  needs  to  be  completely  re- 
vised every  few  years.  In  spite  of  these  criticisms  we  are  glad  to 
see  any  book  upon  the  locomotive.  Engineers  and  firemen  are 
eager  students  and  faithful  readers.  They  should  therefore  have 
the  best  that  can  be  produced. 


History  of  the  Nottingham  &  Lincoln  Kailway — a  paper  by 
Mr.  Clement  E.  Stretton,  of  Saxe  Coburg  House,  Leicester,  Eng- 
land.— The  author  traces  the  history  of  this  road  from  the  incor- 
poration of  the  Midland  Railway  in  184-1,  the  line  of  which  was 
extended,  by  advice  of  Geoi'ge  Stephenson,  to  >Jottingham  and 
Lincoln.  Mr.  Stretton  is  to  be  commended  for  his  faithfulness  in 
placing  on  record  many  ]iortions  of  the  important  early  history 
of  railroad  development  which  would  otherwise  be  forgott^  and 
concealed  by  the  swift  progress  of  transportation.  In  connection 
with  the  account  the  author  says :  "Finally,  the  Jessop  'edge- 
rail-way'  from  Loughborough  to  Nanpantan  was  opened  in  June, 
1780,  being  the  first  line  upon  which  the  inside  tianged  wheel  was 
used.  The  fact  that  Mr.  Jessop  first  decided  to  have  an  outside 
gauge  of  5  ft.  and  then' changed  to  an  inside  gauge  without  alter- 
ing the  rails  is,  of  course,  the  reason  why  we  to-day  have  a  gauge 
of  1  ft.  SV,  ins.  In  other  words,  it  is  5  ft.  less  the  width  of 
two  of  Jessop's  rails.  All  modern  railway  vehicles,  it  is  common 
knowledge,  have  a  flange  upon  the  inner  side,  and  it  is  equally 
certain  that  without  the  flange  railway  traffic  would  be  impossi- 
ble, as  the  Outram  idea  of  a  ledge  upon  the  rail  to  keep  the  wheels 
upon  the  track  would  be  useless  for  other  than  horse  traction,  or 
a  speed  of  more  than  six  or  seven  miles  an  hour.  Mr.  Jessop's 
great  invention  was,  therefore,  iu  1788  to  introduce  and  make  at 
the  Butterley  works  the  flanged  wheel  and  the  edge  rail.  The  fact 
that  William  Jessop  was  the  inventor  of  tl  e  flanged  wheel,  and 
that  he,  by  placing  the  flange  inside,  made  the  railway  gauge  4  ft. 
S\2  ins.,  as  it  is  at  present,  is  an  interesting  point  in  railway  his- 
tory, and  it  is  pleasing  to  know  that  some  of  the  original  rails 
are  preserved  in  the  South  Kensington  Museum,  the  Leicester 
JIuseum  and  at  the  Loughborough  Free  Library..  Thus,  at  Lough- 
borough originated  two  most  important  inventions,  viz.,  the  edge 
railway  and  the  4  ft.  Si,->-in.  railway  gauge,  which  latter  gauge 
has  become  almost  universal." 


Of  a  large  number  of  calendars  received  this  year  from  manu- 
facturing concerns,  two  are  worthy  of  special  mention,  one  from 
the  Brady  Brass  Company  and  the  other  from  the  American 
Steam  Gauge  and  Valve  Manufacturing  Company.  Both  of  these 
are  unusually  artistic  and  attractive. 


"Cranes  of  Different  Kind.s"  is  the  title  of  a  handsomely 
printed  pamphlet  received  from  Maris  Brothers,  Philadelphia, 
builders  of  hand  and  electric  traveling  cranes.  In  a  few  pages  of 
well-written  description,  accompanied  by  engravings,  the  reader 
finds  the  product  of  the  comp.any,  and  its  purposes,  presented  with 
the  minimum  expenditure  of  his  time  and  trouble.  This  pamphlet 
is  from  the  advertising  shop  of  Clarence  P.  Day,  140  Nassau 
street,  New  York.  Its  unique  character  and  attractive  appear- 
ance cannot  fail  to  compel  careful  examination  by  those  into 
whose  hands  it  comes. 


The  board  of  oirectors  or  the  Allis-Chalmers  Company,  in  a 
meeting  held  January  15,  declare<l  the  regular  quarterly  dividend 
on  the  preferred  stock. 


Mr.  J.  W.  Duntley,  president  of  the  Chicago  I'neiuuatic  Tool 
Company,  gave  a  banquet  at  the  Union  League  Club,  Chicago, 
January  12,  to  the  representatives  of  the  company  in  the  United 
States  and  Canada.  It  was  held  at  the  close  of  the  bvisiness 
meeting  on  the  occasion  of  the  second  annual  gathering  of  these 
representatives  in  Chicago.  Mr.  J.  W.  Duntley  received  a  loving 
cup  and  Mr.  W.  O.  Duntley  a  handsome  watch  from  the  repre- 
sentatives of  the  sales  department  of  the  company.  In  connection 
with  the  meeting,  a  committee  of  the  directors  visited  all  of  the 
])lants  on  a  trip  of  inspection.  It  was  evident  that  greatly  en- 
larged facilities  must  be  provided  to  meet  the  immediate  demand 
for  increased  product. 


The  American  Blower  Company,  Detroit,  Mich.,  have  distributed 
an  illustrated  circular  describing  the  heating  plant  for  the  Natural 
Food  Company,  Niagara  Falls,  N.  Y.,  in  which  the  "A.  B.  0." 
s.vstem  is  employed.  The  building  is  463  ft.  long,  and  in  all  has 
an  area  of  5^2  acres  of  floor  space.  The  heating  system  supplies 
4,500,000  cu.  ft.  of  volume  with  a  change  of  air  every  15  minutes, 
and  in  some  portions  every  7'/4  minutes.  Three  200-in.  steel-plate 
fans  are  employed. 


The  Pedrick  &  Ayer  Company,  for  a  great  many  years  located  at 
Philadelphia,  Pa.,  have  removed  to  Plainfield.  N.  J.,  and  are  now 
occupying  their  new  works  which  they  have  jiLst  completed,  the 
main  building  of  which  is  400  ft.  long  and  100  ft.  wide,  with  in- 
dependent power-house,  blacksmith  shop,  pattern  shop  and  pattern 
storage.  Tliis  new  shop  has  been  equipped  with  electric  traveling 
cranes  and  modern  tools  so  as  to  enable  them  to  meet  the  largely 
increased  demand  for  their  standard  goods,  for  which  they  have 
made  such  a  reputation,  consisting  of  air  compressors,  air  hoists, 
pneumatic  riveters,  and  special  railroad  tools.  Their  selling  office 
is  at  85-87-89  Liberty  street.  New  York  City. 


The  Baldwin  Locomotive  Works  built  1,532  locomotives  in  the 
year  1902,  1,375  in  1901  and  1,217  in  1900.  The  best  year  prior 
to  1900  was  1890,  with  an  output  of  94G  locomotives.  Of  the 
1,532  built  last  year  74  were  electric,  424  were  compounds  and 
25  were  fitted  to  burn  oil.  The  number  built  for  export  was  90. 
Owing  to  the  demand  at  home  the  number  exported  was  very  much 
smaller  than  usual. 


The  Phosphor-Bronze  Smelting  Company  (Limited),  2200  Wash- 
ington avenue,  Philadelnhia,  have  Lssued  a  newly  revised  price 
list,  No.  21,  of  their  well-known  "Elephant  Brand"  pho.sphor- 
bronze.  It  is  stated  that  this  company  is  constantly  adding  to 
and  improving  its  facilities  to  meet  the  increasing  demands  for 
their  product.  The  pamphlet  gives  sizes  and  thicknesses  of  phos- 
phor bronze  sheet  metal,  wire,  circles,  rods,  wire  ropes,  ingots, 
castings,  alloys  and  "hardenings."  Those  using  this  material 
should  procure  this  revised  list  of  prices  and  secure  the  latest 
discount. 


The  Falls  Hollow  Staybolt  Company,  of  Cuyahoga  Falls,  Ohio, 
have  appointed  the  Republic  Railway  Appliance  Company,  of  St. 
Louis,  as  their  agents  for  the  Southwest.  Mr.  E.  S.  Marshall  is 
president  of  the  latter  company,  and  from  his  experience  as  super- 
intendent of  motive  power  of  several  important  roads  is  specially 
well  qualified  to  present  the  merits  of  this  staybolt  iron.  He  has 
u.sed  "carloads"  of  it  himself.  Tlie  manufacturers  of  thi.s  product, 
in  a  recent  communication,  sa.v  :  "We  are  pleased  to  anuounce  that 
the  ,vear  just  closed  has  been  the  banner  year  for  us  and  (he  out- 
look for  1903  is  still  better.  Falls  Hollow  Staybolt  iron  is  fast  in- 
creasing in  favor  owing  to  its  many  advantages  over  the  .solid  or 
drilled  bolt.  We  furnish  solid  staybolt  iron  made  of  the  .same  high 
grade,  double  refined  charcoal  iron,  as  the  hollow,  to  those  who 
prefer  solid  material." 


WANTED. 

ASSISTANT  SUPERINTENDENT  FOR  LOCOMOTIVE 
SHOP  WANTED. — A  bright,  active  man  as  assistant  super- 
intendent in  Canadian  shop:  must  be  a  good  organizer,  able  to 
manage  men,  and  experienced  in  locomotive  building.  This  is  an 
exceptional  opportunity  for  an  ambitious,  capable  man.  Apply, 
stating  age,  experience,  and  salary  expected.  Applications  will  be 
regarded  as  strictly  confidential.    Address  "Locomotive,"  this  office. 


March,  1903. 
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RAILWAY    SHOPS. 


BY    R.    II.    SOULE. 


II. 


GENEBAL   CONSIDERATIONS. 


Before  taking  up  the  different  departments  in  detail  it 
would  be  well  to  consider  those  more  general  questions  which, 
in  a  problem  of  shop  design,  always  precede  the  actual  map- 
ping out  of  the  several  buildings.  The  location  is  the  first  of 
these,  and  it  naturally  becomes  fixed  at  what  might  be  called, 
in  a  transportation  sense,  the  center  of  gravity  of  the  district 
or  system  to  be  served.  This  is  always  a  terminal  or  division 
point,  and  often  a  junction  point  as  well.  This  consideration 
usually  outweighs  the  question  of  labor  and  material  supply, 
which  otherwise  would  be  the  determining  factor.  It  seldom 
has  happened  that  shops  were  designed  first,  and  a  correspond- 
ing plot  of  land  purchased  subsequently;  on  the  contrary,  rail- 
way companies  have  usually  anticipated  the  actual  planning 
of  new  shops  by  acquiring  available  property  adjacent  to  their 
right  of  way  and  otherwise  favorably  located.  This  has  some- 
limes  resulted  in  extremes,  such  as  a  nearly  square  tract  of 
land,  or,  on  the  contrary,  a  long,  narrow  strip.  The  former 
condition  is  found  at  the  Burnside  (111.)  plant  of  the  Illinois 
Central  Railroad,  and  the  latter  exists  at  the  Horwich  shops 
of  the  Lancashire  &  Yorkshire  Railway  of  England.  Either 
condition  is  a  restraint  on  the  free  grouping  of  buildings  and 
arrangement  of  track  approaches;  at  both  places  very  clever 
solutions  have  been  found,  however.  The  ratio  of  length  to 
breadth  in  a  plot  of  ground  thus  reserved  for  shop  purposes 
should  preferably  fall  between  these  extreme  limits.  The 
acreage  should  be  liberally  ample,  and  when  the  exact  layout 
plan  has  been  decided  on,  and  space  reserved  for  all  possiule 
extension,  the  surplus  land,  if  any,  may  be  disposed  of.  In 
such  a  case,  restrictions  may  be  placed  on  the  property  sold, 
and  the  character  of  the  neighborhood  thus  guaranteed,  to  a 
certain  extent.  Access  to  a  group  of  shop  buildings  by  other 
means  than  railway  tracks  being  desirable,  a  public  road  (if 
one  does  not  already  exist)  should  be  laid  out  along  one  edge 
of  the  property.  Gifts  of  land  for  shop  purposes,  or  contribu- 
tions towards  its  cost,  should  not  be  too  hastily  accepted;  title 
to  such  lands  may  come  into  question  later  on,  if  the  railroad 
company  modifies  its  manner  of  using  the  same.  Two  such 
cases,  within  the  knowledge  of  the  writer,  have  occurred  on 
American  railways  within  the  last  ten  years. 

The  shop  site  having  been  chosen  and  the  land  provided,  the 
character  and  quantity  of  work  to  be  done  in  the  completed 
plant  must  be  determined  or  assumed.  This  will  usually 
crystallize  out  into  a  certain  number  of  locomotives  and  cars, 
passenger  and  freight,  to  be  maintained,  or  built,  or  both,  per 
unit  of  time,  usually  per  month.  It  is  safer  to  proportion  the 
shops  on  the  basis  of  the  greatest  output  likely  to  be  required 
during  any  one  month  of  the  year,  than  it  is  to  work  on  the 
oasis  of  assuming  the  monthly  output  to  be  simply  one-twelfth 
of  the  desired  yearly  output.  The  trend  of  organization,  re- 
sulting from  the  general  experience  of  railways,  being  towards 
merging  the  locomotive  and  car  departments  under  one  con- 
trol, the  typical  railway  central  repair  plant  will  comprise  all 


of  the  several  shops  whirh  aru  required  In  either  connection. 
Separate  locomotive  and  car  repair  plants  may,  of  course,  be 
justified  where  work  of  each  kind  Is  prosecuted  on  a  large 
scale,  or  on  account  of  special  or  local  considerations.  In  the 
more  general  case  of  the  combined  shop,  however,  certain  of 
the  departments  can  be  used  jointly  for  both  locomotive  and 
car  work;  such,  tor  instance,  are  the  storehouse,  the  machine 
shop,  the  smith  shop,  the  foundry,  the  carpenter  shop,  and  the 
paint  shop.  This  list  of  joint  shops  emphasizes  the  fact  that 
great  economy  can,  in  general,  be  accomplished  by  the  concen- 
tration of  the  work  of  locomotive  and  car  repairs  into  one 
group  of  buildings,  as  otherwise  at  least  five  of  these  six  sub- 
departments  (the  foundry  being  possibly  excepted)  would 
have  to  be  duplicated.  When  there  is  but  one  such  group  of 
buildings,  yard  service,  whether  by  switching  engine  or  labor- 
ing gang,  can  also  be  economized. 

One-story  buildings  are  always  to  be  preferred  if  concentra- 
tion does  not  have  to  be  sacrificed.  Day  lighting  and  internal 
transportation  are  both  easier  to  accomplish  in  one-story  struc- 
tures. The  only  exception  to  the  general  principle  is  in  the 
case  of  those  few  departments  where  the  work  is  light,  such 
as  the  tin  shop  and  the  upholstery  shop.  The  office  and  store- 
house buildings  may  be,  and  generally  are,  of  two-story  con- 
struction, however.  In  this  connection  it  must  be  acknowl- 
edged that  artificial  lighting,  under  present  conditions,  is  so 
cheap  and  satisfactory  that  the  shutting  off  of  daylight  does 
not  reduce  output  as  much  as  in  the  old  days  of  oil  lamps  and 
torches. 

Having  determined  the  number  of  departments  to  be  pro- 
vided for,  and  the  amount  of  work  to  be  done,  each  must  be 
considered  separately  and  the  essential  dimensions  fixed  upon; 
but  the  grouping  and  relative  arrangement  of  departments 
must  be  constantly  borne  in  mind.  Labor  saving  devices  are 
of  first  importance  as  features  to  be  incorporated  in  the 
original  design  of  a  building;  next  in  importance  is  the  pro- 
viding of  such  facilities  of  every  sort  as  will  guarantee  that 
the  labor  which  cannot  be  saved  but  must  be  expended  shall 
be  used  and  applied  under  conditions  of  maximum  efficiency 
and  economy.  The  logic  by  which  improvement  investments 
are  justified  is  simply  a  satisfactory  demonstration  that  inter- 
est depreciation  and  repairs  will  totalize  less  than  the  wages 
of  unassisted  labor  would  have  amounted  to  in  accomplishing 
the  same  result.  A  very  satisfactory  rule  which  is  in  use  on 
one  of  our  western  lines  is  that  any  proposed  improvement 
which  win  save  labor  amounting  to  10  per  cent,  of  its  cost 
will  be  favorably  considered.  The  credit  of  this  company  being 
on  a  3  per  cent,  basis,  it  is  argued  that  such  a  transaction  Is 
virtually  a  7  per  cent,  investment. 

Each  building  having  thus  been  worked  out  as  a  problem  by 
itself,  the  grouping  and  layout  can  be  considered.  The  evolu- 
tion of  recent  years  has  tended  towards  bringing  together 
under  one  roof  such  departments  as  are  mutually  dependent 
on  one  another,  and  have  a  continuous  interchange  of  ma- 
terials. The  smith  shop  and  the  foundry  are  generally  isolated 
on  account  of  the  smoke  and  dust  which  results  from  thei/' 
operation.  Buildings  which  must  be  separated,  but  which 
house  departments  which  are  dependent  upon  one  another, 
should  be  kept  as  close  together  as  possible.  Modern  practice 
tends  toward  restricting  such  inter-shop  space  to  from  40 
to  60  ft.  While  due  regard  must  be  given  to  the  question 
of  Are  risk,  it  must  not  be  allowed  to  exclusively  dominate 
the  situation,  as  in  a  recent  case  on  an  eastern  trunk  line 
where  an  insurance  company  which  had  issued  a  blanket 
policy  notified  the  railroad  company  that  a  proposed  new 
erecting  shop  must  not  be  within  100  ft.  of  any  adjacent 
building. 

A  prime  requisite  In  planning  railway  shops  is  that  the  pre- 
liminary work  shall  be  done  by  some  one  who  has  become 
familiar,   by  actual   experience,   with   the   operation   of   such 
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Bhops.  The  architect  has  no  legitimate  place  In  this  prelim- 
inary work,  and  his  services,  if  needed  at  all,  may  be  availed 
of  when  structural  details  and  embellishments  require  atten- 
tion. But  the  mechanical  engineer  and  the  civil  engineer  can 
cope  with  the  bulk  of  the  problems  involved. 


AMERICAN   ENGINEER  TESTS. 


Locomotive  Draft  Appliances. 


BEPOBT  BT  PROFESSOB  W.  F.  M.  GOSS. 


SECTION  VI. 


DISCUSSION    OF    RESULTS. 


(Continued  from,  page  76.) 
35. — A  Basis  of  Comparison. — In  outlining  the  tests,  it  was 
proposed  to  base  all  comparisons  upon  the  efficiency  of  the  jet, 
and  efficiency  was  defined  as  the  ratio  of  back  pressure  to  draft 
(See  paragraph  5).  The  assumption  of  such  a  measure  is 
based  upon  the  tact  that  the  result  which  is  sought  by  the  use 
of  any  combination  of  draft  appliances  is  a  reduction  of  pres- 
sure within  the  front-end,  and  that  the  force  effecting  such 
a  reduction  of  pressure  is  a  function  of  the  pressure  of  steam 


the  series  of  experiments  under  consideration,  were  not  such 
as  affected  the  back-pressure.  A  change  in  the  diameter  of 
the  exhaust  tip  would  have  done  this,  but  through  the  present 
work  a  fixed  diameter  of  tip  was  employed.  All  this  being 
true,  it  appears  that  effects  resulting  from  changes  in  the 
front-end  mechanism,  such  as  were  involved  by  the  experi- 
ments under  consideration,  are  quite  as  well  shown  by  a  direct 
comparison  of  draft  values  as  by  a  comparison  of  efficiency 
values.  Moreover,  the  draft  values  involve  a  single  observa- 
tion made  under  conditions  favorable  to  accuracy,  and  conse- 
quently they  supply  a  better  basis  for  comparison  than  effi- 
ciency, which  depends  on  two  observations,  one  of  which  is 
rather  difficult  to  obtain  with  accuracy.  In  view  of  these  con- 
siderations, it  has  seemed  wise  to  depart  from  the  original 
outline  which  requires  that  comparisons  be  based  on  efficiency, 
and  adopt  a  new  plan  by  virtue  of  which  comparisons  shall  be 
based  on  draft  alone.  It  will  be  noted  that  in  all  the  work 
which  follows,  this  has  been  done,  though  in  the  tabulated 
statement  of  data,  for  the  convenience  of  those  who  may  wish 
to  compare  the  results  herewith  presented  with  those  obtained 
by  other  experimenters,  values  for  efficiencies  are  presented 
for  each  test. 

Thus  far,  however,  justification  for  basing  comparisons  on 
draft  rather  than  upon  the  ratio  of  back-pressure  to  draft, 
rests  entirely  upon  assertions  concerning  the  existence  of  a 
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In  the  passage  between  the  cylinders  and  the  exhaust  tip. 
The  maintenance  of  considerable  pressures  in  the  exhaust 
passages  tends  to  reduce  the  economic  performance  of  the  en- 
gine, hence  it  is  desired  that  the  necessity  for  such  pressures 
be,  so  far  as  practicable,  avoided.  The  proposed  measure  of 
efficiency  takes  all  this  into  account,  for  by  its  use  that  arrange- 
ment of  apparatus  which  will  give  a  desired  reduction  of  pres- 
sure in  the  front-end  in  return  for  the  least  back-pressure  will 
be  the  most  efficient.  Such  a  conception  is  perfectly  logical. 
It  is  not  new,  but  on  the  contrary  is  one  which  has  been  many 
times  employed  in  the  study  of  draft  appliances. 

The  preceding  statement  is  general  in  its  application.  It 
applies  not  only  to  the  tests  under  consideration  but  to  all 
tests  which  may  be  made  for  the  purpose  of  determining  the 
value  of  this  or  that  draft  appliance.  It  happens,  however, 
that  in  the  experiments  under  consideration,  the  exhaust  tip 
was  of  the  same  size  for  ail  tests.  Furthermore,  it  appears 
as  one  of  the  significant  results  obtained  from  the  tests  that  a 
change  in  the  height  of  the  exhaust-pipe  does  not  affect  the 
back-pressure  by  a  measurable  amount.  Consequently,  so  far 
as  the  present  study  is  concerned,  the  back-pressure  for  any 
given  condition  of  running  appears  as  a  constant;  and  the 
efficiency  which,  in  the  general  case,  is  a  function  of  both 
back-pressure  and  draft,  is  left  to  depend  upon  draft  alone. 
In  other  words,  the  changes  which  were  made  in  the  stack 
aod  exhaust-pipe  arrangement,  In  the  process  of  carrying  out 


definite  relation  between  draft  and  back-pressure,  the  truth  of 
which  it  will  now  be  well  to  consider. 

36. — Relation  Between  Draft  and  Back-Pressure  as  Dis- 
closed by  Tests. — It  was  to  have  been  expected  that  changes 
In  the  stack  would  have  little  or  no  effect  upon  the  back-pres- 
sure, but  it  has  not  before  been  shown  that  an  increase  of 
30  ins.  in  the  length  of  the  exhaust  pipe  would  produce 
no  measurable  change  in  back-pressure.  A  direct  comparison 
of  back-pressures  as  obtained  from  different  lengths  of  exhaust 
pipes  under  similar  conditions  of  running,  is  presented  as  Pig. 
30.  In  these  diagrams,  the  nozzle  heights  are  plotted  along  the 
horizontal  axis,  the  verticals  representing  back-pressure.  Ob- 
served back-pressures  are  denoted  by  circles,  and  the  mean 
values  of  the  backpressure  obtained  bj  averaging  all  of  the 
observed  values  taken  during  the  tests,  with  each  of  the  seven 
heights  of  nozzle,  are  represented  by  full  lines.  The  result  of 
such  a  comparison  shows  that  none  of  the  average  values  vary 
from  the  mean  of  all  values  by  more  than  6  per  cent,  and, 
considering  the  difficulty  experienced  in  obtaining  reliable 
readings  of  the  back-pressure  gauges,  it  is  entirely  justifiable 
to  assume  that  the  straight  lines  drawn  as  indicated  in  the 
figure  referred  to  fairly  represeni  the  true  back  pressuie. 

The  usual  formula  for  efficiency,  as  already  defined,  is 

D         1 
E  =  —  —  —  D 
P  P 
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In  which  E  Is  the  efficiency,  D  the  draft,  and  p  the  back-pres- 
sure. But  it  has  Just  been  shown  that  for  any  given  cut-off 
and  speed,  the  tests  under  consideration  show  the  back-prcs- 

1 
sure  p,  to  Lie  constant.      Hence  —  Is  a  constant,  and  E  in  the 

P 
equation  is  directly  proportional  to  D,  which  is  mathematical 
proof  that  comparisons  based  on  draft  will  have  the  same 
significance  as  those  based  on  efficiency. 

For  the  benefit  of  those  to  whom  the  preceding  demonstra- 
tion does  not  appeal,  the  fact  may  be  made  to  appear  more  sim- 
ple when  shown  graphically  as  Fig.  31.  In  this  figure,  the 
draft  curves  obtained  with  a  given  nozzle  (No.  5)  and  the  sev- 
eral heights  of  stack  at  speeds  of  twenty  and  forty  miles  per 
hour,  are  plotted  and  drawn  as  full  lines.  Above  these  draft 
curves  are  values  representing  efficiency  calculated  in  the  or- 
dinary manner  from  observed  data  with  results  represented 
by  solid  dots.  These  are  to  be  compared  with  corresponding 
points  obtained  by  multiplying  draft  values  by  a  constant, 
based  on  the  average  back-pressure,  with  results  indicated  by 
circles  on  or  near  the  efficiency  curves.  A  very  close  agree- 
ment between  the  two  sets  of  points  is  thus  disclosed.  A  simi- 
lar presentation  involving  data  from  another  height  of  nozzle 
(No.  6)  and  another  stack  (No.  7)  is  presented  as  Fig.  32, 
and  any  of  the  experimental  data  similarly  plotted  will  give 
substantially  the  same  results.  It  Is  evident  from  an  inspec- 
tion of  the  diagrams  (Figs.  31  and  32)  that  the  efl5ciency 
curves  and  draft  curves  are  substantially  identical  in  form, 
and  hence  values  represented  by  one  are  proportional  to  cor- 
responding values  represented  by  the  other.  As  a  means  by 
which  to  compare  results  of  tests,  therefore,  either  may  be 
used  with  equal  advantage,  and  for  reasons  which  have  al- 
ready been  stated,  use  will  be  made  of  the  draft  In  the  discus- 
sion which  is  to  follow. 

37. — A  Study  of  Results  by  Means  of  Plotted  Curves.— Hav- 
ing presented  the  data  obtained  from  the  tests  of  stacks,  it  had 
been  the  intention  of  the  undersigned  to  proceed  at  once  with 
A  presentation  of  conclusions  derived  therefrom.  It  has  been 
suggested,  however,  by  certain  gentlemen  who  have  assisted 
In  the  advancement  of  the  work  that  there  should  be  some 
diagrammatic  presentation  of  the  results.  It  has  been  urged 
that  such  a  presentation  would  permit  the  effect  of  the  various 
changes  to  be  at  once  seen  and  would  g've  at  a  glance  a  meas- 
ure of  relative  values.  In  compliance  with  this  suggestion, 
and  with  the  assent  of  the  American  E.nuineer,  such  an  ex- 
hibit is  herewith  presented.     (Figs.  33  to  88.) 

With  reference  to  this  exhibit,  the  following  should  be  noted. 
First,  that  all  curves  are  plotted  in  terms  of  draft  as  meas- 
ured in  inches  of  water  and  stack  diameters.  As  four  differ- 
ent heights  of  stacks  were  employed,  there  are  four  series  of 
curves  for  each  height  of  nozzle,  and  as  seven  heights  of  noz- 
zles were  employed,  there  are  twenty-eight  diagrams  for  each 
form  of  stack.  Each  group  of  four  figures  represents  all  dia- 
meters of  stacks  for  a  given  nozzle.  Figures,  therefore,  from 
S3  to  60,  inclusive,  represent  straight  stacks  and  Figs.  61  to  88. 
Inclusive,  represent  taper  stacks. 

(To  be  continued.) 


THE  INFLUENCE    OF  TIME  ELEMENT    ON    MECHANI- 
CAL AND  TRANSPORTATION  MATTERS. 


BT    B.    T.    HEBO, 


The  New  York  Central  &  Hudson  River  Railroad  has  found  it 
necessary  to  provide  a  special  organization  to  conduct  its  ex- 
tensive electrical  application  in  and  near  New  York  City.  This 
work  will  be  in  charge  of  a  commission  consisting  of  Mr.  W.  J. 
Wilgus,  fifth  vice-president;  Messrs.  B.  J.  Arnold,  F.  J. 
Sprague,  George  Gibbs,  and  A.  M.  Waitt.  Mr.  E.  B.  Katte, 
electrical  engineer,  will  have  charge  of  the  electrical  and  me- 
chanical work  and  will  report  to  the  commission.  Mr.  Katte 
Is  succeeded  as  mechanical  engineer  of  the  chief  engineer's  de- 
partment of  the  .road  by  Mr.  A.  J.  Slade,  who  will  have  charge 
of  the  work  In  connection  with  heating,  lighting,  power  plant?. 
and  fuel  and  water  supply  stations. 


MASTER   MECHANIC,   KOBIOLK   &  WE8TEB.V   RAILWAY. 


A  great  deal  has  been  written  on  the  subject  of  "Ton  Mil* 
Statistics"  and  voluminous  data  have  been  and  are  now  pre- 
pared on  this  subject  for  the  information  of  officers  and  em- 
ployees of  railways  and  for  current  reports  for  the  general 
public. 

Until  within  a  comparatively  short  time,  records  of  perform- 
ance were  generally  based  on  engine  mileage  in  relation  to 
mechanical  matters  and  train  mileage  in  relation  to  transporta- 
tion matters.  The  use  of  the  ton  mile  for  statistics  may  be 
said  to  be  of  recent  origin,  or  at  least  its  adaptation  to  general 
statistics  has  existed  for  a  comparatively  short  time.  That 
ton  mileage  is  of  more  value  in  studying  operating  statistics 
than  either  the  engine  mile  or  train  mile,  in  recognizing  effi- 
cient operation,  in  giving  a  fairer  comparison  and  a  truer 
measure  of  what  the  road  has  done,  will  not,  I  think,  be  ques- 
tioned. 

Analyzing  a  few  current  terms  familiar  to  most  railway  men 
and  determining  a  unit  of  measure  for  general  comparison, 
which  shall  combine  the  various  elements  entering  strictly  Into 
the  movements  which  occur  on  railroads  in  general,  leads  to 
the  following  discussion. 

We  require  for  our  major  premises  these  considerations: 

First — Assume  the  railway  established  and  that  mainten- 
ance of  the  permanent  way  shall  not  be  considered. 

Second— Traffic  cannot  be  moved  without  the  expenditure  of 
power. 

Third — Power  involves  three  elements,  viz.,  force,  distance 
and  time. 

Fourth— Work  involves  two  elements,  viz.,  force  and  dis- 
tance. 

Fifth— The  commodity  In  which  a  railway  deals  Is  the  moT- 
ing  of  traffic. 

Sixth — The  cost  of  fuel  and  wages  of  train  and  engine  men 
constitutes  a  majority  of  the  expenses  of  moving  traffic,  super- 
vision of  conducting  transportation  representing  but  a  small 
percentage. 

Seventh— Cost  of  fuel  and  wages  of  train  and  engine  men  is 
variable,  dependent  on  the  traffic  moved  and  the  time. 

Eighth— Cost  of  supervision  is  practically  constant,  between 
wide  limits,  i.  e.,  independent  of  traffic  moved. 

Ninth— Independent  of  the  maintenance  of  equipment, 
which  should  vary  almost  directly  as  the  traffic  moved  and  the 
time,  efficient  operation  will  obtain  when  the  greatest  traffic 
is  moved  with  the  least  expenditure  for  fuel  and  wages  of  train 
and  engine  men  with  a  proper  relation  to  the  time  of  moTe- 
ment  of  the  traffic. 

In  considering  the  probable  capacity  of  a  railway  as  a  com- 
mon carrier  two  things  are  of  vital  importance,  viz.,  the  mo- 
tive power  and  equipment.  Recent  conditions  on  many  roads 
have  indicated  that  the  traffic  was  far  beyond  the  capacity  of 
facilities  of  power  and  equipment  to  move  it,  and  it  has  not 
been  uncommon  for  railway  officers  in  general  to  hear  th« 
terms  "Shortage  of  power"  and  "Shortage  of  equipment."  En- 
gines have  frequently  been  loaded  beyond  capacity  in  the  at- 
tempt to  move  freight  when  equipment  was  obtainable,  with 
consequent  serious  delays.  Employees  have  spent  long  hours 
on  the  road  to  prevent  congestion,  working  on  the  last  end  of 
their  trips  with  only  half  a  will,  making  the  movement  of  their 
trains  probably  less' expeditious  than  if  they  had  a  pecuniary 
Incentive  to  make  every  effort  to  reach  the  terminal  with  as 
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heavy  tonnage  as  could  be  handled  and  with  as  rapid  dispatch 
'as  possible. 

Recent  conditions  have  naturally  given  large  figures  on  the 
ton  mile  basis,  as  the  element  of  time  is  eliminated  in  a  meas- 
ure, and  indeed  on  the  present  basis  of  pay  for  train  and  engine 
men,  economy  in  operation  is  obtained  unless  the  hours  on  the 
road  are  so  excessive  as  to  increase  the  cost  of  running  such 
trains,  per  1,000  ton  miles,  due  to  overtime  made  by  the  crews. 

What  would  be  the  result  as  shown  by  ton  mile  statistics  if 
the  element  of  time  were  considered,  and  how  would  this  affect 
the  wages  of  the  men  handling  the  trains  and  the  movement 
of  traffic  and  equipment  for  the  public  and  the  road? 

Assume,  for  example,  one  division  of  a  railway  100  miles  In 
length  and  equipped  with  certain  Class  A  engines,  rated  at 
1,000  tons. 

Case  I. — Train  and  engine  crew  A  can  take  with  a  Ciass  A 
engine  1,000  tons  over  a  100-mile  division  in  10  hours. 

Case  II.— Train  and  engine  crew  B  can  take  with  a  Class  A 
engine  1,000  tons  over  the  same  division  in  8  hours.  Obviously 
the  ton  mileage  of  both  trains  (100,000-ton  miles)  Is  identical, 
as  is  also  the  engine  and  train  mileage.  There  is  no  question, 
however,  as  to  which  crew  has  done  the  better  work,  assuming 
the  dispatching  and  other  conditions  the  same  in  both  cases. 

Case  III.— Suppose  train  and  engine  crew  C  takes  the  same 
tonnage  over  the  same  division,  under  similar  conditions.  In 
12  hours. 

In  Case  III.  the  ton  mileage  (100,000-ton  miles)  is  the  same 
as  in  Cases  I.  and  II.,  but  the  cost  to  the  railway  company  per 
1,000-ton  miles  is  greater  for  wages  in  Case  III.  than  in  Cases 
I.  or  II.,  assuming  that  the  crews  draw  overtime  after  10  hours 
on  the  road.  The  cost  for  wages  per  1,000-ton  miles  in  Cases 
I.  and  II.  is  identical,  yet  we  have  the  apparent  anomaly  that 
the  men  who  do  the  best  work  derive  less  pecuniary  benefit 
from  the  company  than  the  men  who  do  the  poorest,  unless  it 
be  considered  that  crew  B  is  relieved  earlier. 

Assume  now  that  these  crews  are  to  be  paid  for  work  they 
actually  do,  which  results  in  a  direct  benefit  to  the  railway 
company,  1.  e.,  combine  the  elements  time,  distance  and  force 
for  a  basis  of  pay. 

Case  la— A  makes  100,000-ton  miles  In  10  hours  or  10,000- 
ton  miles  per  hour. 

Case  Ila— B  makes  100,000-ton  miles  In  S  hours  or  12,500-ton 
miles  per  hour. 

Case  Ilia— C  makes  100,000-ton  miles  in  12  hours  or  8,333- 
ton  miles  per  hour. 

If  the  crews  were  paid  on  a  unit  basis  of  "1,000-ton  miles  per, 
hour,"  crew  B  would  earn  more  money  for  themselves  and  the 
company  than  either  A  or  C,  the  latter  earning  the  least.  The 
above  was  assumed  for  a  100-mile  division  of  a  railway,  and  if 
applicable  to  this  portion  it  should  be  applicable  to  the  road  ac 
a  whole. 

Assume  that  the  road  has  10  such  divisions  with  similar  con- 
ditions applicable  to  each  and  handled  by  three  classes  of  men 
as  outlined  above.  In  through  traffic  over  the  entire  line  the 
following  would  obtain: 

Case  lb— Crew  A  makes  1,000,000-ton  miles  in  100  hours. 

Case  lib— Crew  B  makes  1,000,000-ton  miles  in  80  hours. 

Caae  lllb— Crew  C  makes  1,000,000-ton  miles  in  120  hours. 

Equating  the  three  cases  to  the  basis  of  what  crew  C  can  do 
by  making  the  element  of  time  equal: 

Case  Ic— Crew  A  makes  1,200,000-ton  miles  In  120  hours. 

Case  Ilcv-Crew  B  makes  1,500,000-ton  miles  in  120  hours. 

Case  IIIc— Crew  C  makes  833,300-ton  miles  in  120  hours. 

It  is  apparent  therefore  that  but  little  more  than  half  the 
equipment  and  power  is  needed  to  move  the  same  traffic  with 
crew  B  as  with  crew  C.  This,  of  course,  will  apply  equally 
well  under  the  present  conditions  of  ton  mileage,  but  would 
not  employees  running  trains  and  engines  over  the  road  be 
stimulated  to  haul  heavy  tonnage  and  make  better  time  if 


their  rate  of  pay  was  based  on  a  power  basis  Instead  of  a  mile- 
age or  time  basis?  Would  not  continual  complaints  from  en- 
gine and  train  crews  remedy  difficulties  on  the  road  which 
cause  delay  now?  Would  not  dispatchers  make  every  effort 
to  avoid  delays  to  escape  the  annoyance  and  extra  work  caused 
by  continual  complaints  which  would  originate  with  the  men 
if  delayed  on  the  road?  Would  the  motive  power  department 
have  any  peace  if  their  engines  and  rolling  stock  were  not 
maintained  in  first-class  condition?  Would  not  the  same  stim- 
ulating effect  be  apparent  on  the  maintenance  of  way  depart- 
ment to  keep  slow  orders,  etc.,  to  a  minimum?  Would  not  the 
employees  engaged  in  running  the  trains  be  on  the  alert  to 
discover  means  and  ways  to  move  greater  tonnage  in  less  time 
and  each  become  an  inspector  for  defects  that  might  cause  de- 
lays? Would  not  the  incompetent  soon  be  discovered  by  his 
fellow  employees  and  forced  to  retirement?  Would  the  rail- 
way suffer  extreme  loss  in  case  of  delay?  Would  not  the  ton- 
nage rating  of  engines  for  economical  loading  and  speed  soon 
adjust  itself  to  the  most  efficient  loading  of  the  power?  Would 
not  the  statistics  compiled  on  a  power  basis  be  the  true  meas- 
ure of  the  output  of  the  railway  and  applicable  to  motive  power 
accounts  as  well  as  conducting  transportation? 

Should  motive  power  not  be  maintained  on  a  basis  of  power 
(1,000-ton  miles  per  hour)  instead  of  on  a  basis  of  work  (1,000- 
ton  miles)  or  a  basis  of  distance  (mileage),  as  heretofore? 

In  fact,  would  a  ton  mile  per  hour  basis  for  statistics  not  be 
elastic  and  fully  applicable  to  the  determination  of  all  statis- 
tics in  which  the  movement  of  trains  is  considered,  and  result 
in  economy  and  efficiency  both  in  a  financial  and  educational 
manner  for  the  railway  and  its  employees? 

If  a  full  and  impartial  discussion  of  this  subject  through  the 
medium  of  this  journal  can  be  obtained  the  object  of  thU 
article  will  be  accomplished. 


WHAT    "BIG    ENGINES"    MEAN. 


The  new  passenger  locomotives  for  the  Chicago  &  Alton  de- 
scribed in  this  issue  surpass  all  previous  designs  in  size, 
weight  and  capacity.  They  have  4,078  sq.  ft.  of  heating  sur- 
face and  carry  220  lbs.  boiler  pressure.  They  weigh  219,000 
lbs.  and  have  141,700  lbs.  on  drivers,  with  15,000  lbs.  added 
to  one  of  them  by  a  traction  increaser.  One  of  them  can  pro- 
duce a  draw-bar  pull  of  over  34,000  lbs.,  and  this  is  for  pas- 
senger service.  In  the  details  of  construction  are  found  10  x 
12-in.  main  driving  journals  and  7  x  7-in.  crankpins  for  the 
main  rod  connections.  There  is  nothing  of  the  monstrosity 
order  about  these  engines.  They  were  built  to  do  certain 
definite  work  which  the  most  powerful  passenger  engines  pre- 
viously built  cannot  do.  It  must  therefore  be  granted  that 
such  enormous  proportions  are  necessary.  There  is  nowhere 
the  Iceist  hopeful  sign  that  passenger  equipment  will  decrease 
in  weight  or  that  requirements  of  passenger  service  will  be 
less  rigorous.  This  means  that  the  railroads  will  soon  be  face 
to  face  with  inadequate  facilities  for  dealing  with  many  heavy 
engines  and  the  problem  of  efficient  and  sufficient  shops  be- 
comes more  vital  and  more  important  every  year.  The  loco- 
motive is  to-day  in  advance  of  the  tracks,  the  bridges,  the 
side-tracks,  the  water  service,  the  car-draft  gear  and  the  shops, 
and  this  is  a  situation  requiring  the  immediate  attention  of 
the  business  men  who  are  directing  the  operations  of  railroads. 
In  the  matter  of  shops  allow  us  to  direct  attention  to  the  fact 
that  many  built  within  the  past  two  years  are  already  "back 
numbers."  It  will  not  be  long  before  the  ability  of  railroad 
officers  will  be  measured  by  their  treatment  of  this  problem. 
The  advent  of  such  large  and  heavy  engines,  which  is  suggest- 
ive of  the  necessity  of  quick  and  economical  work  in  mainte- 
nance, calls  attention  to  this  subject  in  a  new  and  forciblt 
way. 
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POWERFUL    PASSENGER   LOCOMOTIVE. 


4—6—2  Type. 


CmCAQO    &    ALTON    RAILWAY. 


The  Baldwin  Locomotive  Worlcs  have  built  for  this  road 
two  passenger  locomotives  which  head  the  list  of  designs  for 
this  service,  with  reference  to  weight,  power  and  heating 
surface.  They  are  intended  especially  for  very  heavy  and 
comparatively  slow  passenger  excursion  trains  to  be  run  in 
connection  with  the  approaching  exposition  in  St.  Louis.  One 
of  them  has  80-in.  drivers  and  the  other  73-in.,  the  latter 
being  equipped  with  a  modified  Player  traction  increaser 
which  transfers  about  15,000  lbs.  from  the  leading  and  trail- 


ing trucks  to  the  driving  wheels.  The  accompanying  photo- 
graph, drawings  and  comparative  table  give  an  excellent  Idea 
of  the  proportions  and  power  of  these  remarkable  locomotives. 
It  is  interesting  to  note  that  though  the  front  tube  sheet  Is 
well  back,  the  tubes  are  20  ft.  long,  thus  fulfilling  the  prophecy 
of  Mr.  Vauclain  of  two  years  ago.  The  smoke-box  is  101  Ins. 
long.  Those  who  have  been  striving  to  reduce  the  size  of 
smoke-boxes  will  watch  the  effect  of  this  feature  with  interest. 
The  tender,  having  capacity  for  8,400  gals,  of  water  and  9  tons 
of  coal,  is  the  largest  ever  built  at  the  Baldwin  Works.  It 
should  be  stated  that  before  deciding  upon  the  proportions  of 
these  engines  the  officers  of  the  road  borrowed  the  heaviest 
and  most  powerful  passenger  engines  in  the  country,  and  from 
exhaustive  tests  decided  that  none  of  them  would  meet  the 
conditions  required.    This  meant  that  a  larger  than  the  largest 


THE    MOST    POWKKFUL    PASSENGER    LOCOMOTIVE    EVER    BUILT. 


THE    TRACTION    INCREASER    CTLINDEBS    ARE    LOCATED    IN    FRONT    OF    FIRST     AND    IN    REAR   OF    THIRD   DETVINQ   AXLES. 

Their  use  is  controlled  by  (he  position  of  the  reverse  lever. 
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POWERFUL  PASSENGER  LOCOMOTIVE,       4 — 6 — Z  TYPE. — CHICAGO  A  ALTON  RAILWAY. 
A.  L.  HOMPHEBT,  Buperinterwtent  of  Motive  Power.  Baldwin  Looohotitb  Wobks,  Buitdert. 
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must  be  built,  which  explains  the  great  advance  in  weight 
and  heating  surface  over  previous  practice.  These  enormous 
locomotives  were  therefoi'e  built  for  definite  conditions  in- 
volving trains  of  twenty  or  more  cars,  and  not  in  any  sense 
to  surpass  others  in  size. 

The  trains  these  engines  are  to  haul  will  consist  of  twelve 
passenger  cars  and  weigh  approximately  600  tons,  without 
passengers  and  baggage.  This  train  will  accommodate  con- 
veniently 760  people,  which  would  increase  the  weight  57  tons, 
and,  allowing  15  tons  ,for  baggage,  would  make  the  train 
weigh  nearly  675  tons.  The  distance  this  train  is  to  be  hauled 
is  110.6  miles,  and  is  to  be  made  in  2%  hours,  including  two 
stops  and  three  slow-ups  for  railroad  crossings.  Making  an 
allowance  of  six  minutes  for  all  stops,  the  actual  running  time 
would  be  2  hours  and  24  minutes.  This  would  mean  an  average 
speed  of  46  miles  per  hour.  Before  deciding  on  the  size  of 
engines  to  do  this  work  a  test  was  made  between  three  different 
Prairie  type  engines,  one  a  four-cylinder  compound  and  the 


other  two  simple  engines.     The  most  important  dimensions  of 
these  three  different  engines  are  as  follows: 
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The  conclusion  reached  from  the  test  was  that  to  do  this 
work  an  engine  about  15  per  cent,  more  powerful  than  engine 
No.  2  was  needed,  and  these  heavy  engines  were  designed 
accordingly. 

RATIOS,    CHICAGO    &    ALTON    4 G 2    TYPE. 

Tractive    effort    SO-in.    wheels 31,600  lbs. 

Tractive    effort    73-in.    wheels 34,600  lbs. 

Heating  surface  to  cylinder  volume 331.00 

Tractive  weight  to  heating   surface 34.74 

Tractive  weight  to  tractive  effort  (80-in.) 4.48 
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Tractive  effort  to  heating  surface 7.74 

Heating  surface   tn  grate  area 75.5 

Tractive  etlort  X  diameter  of  drivers  to  heating  surface 619.2 

Heating   surface   percentage  of   tractive   effort 12.8 

T((tal  weight  to  lieating  surface 53.7 

niMPAHI.SON       VVlTit      OTilKR      LAKGI-;      PASSENCJIOU      IXX-OMOTIVKS. 

Total 
W.^ight 
Divided  by 
Heating 
Surface. 
53.7 
60.1 
50.2 
52.9 
52.2 
53.1 
58.3 


Total 

Total  Heating 

Engine             Weight  Surface 

Name  of  Road.               Number.             (Lbs.)  (Sq.  FC.) 

Chicago  &  Alton 601                   219.000  4,078 

Santa    Fe    1000                    190.000  3.738 

New     York    Central..  .  .2980                    176,000  3.505 

Chesapeake    &    Ohio.  .  .    147                   187,000  3,533 

Lake    Shore    650                    174,500  3,343 

Chicago    &    Northwt'n.l()15                    160,000  3,015 

Northern    I'acillc 284                    202,000  3.462 

CllICAQO    &    ALTON    RAILWAY. 

4 — 6 — 2  Type  Passenger  Locomotive. 
General  Dimensions. 

Gauge   4  ft.  8  %   Ins, 

Cylinder    22  x  28  Ins. 

Valve    Balanced    piston 

Boiler — Type    Straight 

Diameter    70    ins. 

Thickness  of  sheets 11-16  in.,  23-32  in.  and  %   in. 

Working   pressure    220    lbs. 

Fuel    Soft    coal 

Staying   Crown  bar,  5% -in.  x  6-ln.  T-sectlon 

Firebox — Material     Steel 

Length    108   ins. 

Width 72 U    Ins. 

Depth Front,  73 %   ins. ;    back,  64 %   ins. 

Thickness  of  sheets  : 

Sides,   %   in.  ;    back,  %   In. ;    crown.  %   in. ;    tube.   %  in. 

Water  space Front,  4%   Ins.;    sides,  S'/^  Ins.;    back,  3%    ins. 

Tubes — Material Iron 

Wire  gauge    No.  11 

Number     328 

Diameter    2  V4    ins. 


Length    20   ft. 

Heating    surface — Firebox    202  sq.  ft. 

Tubes    3,848  sq.  ft. 

I'lrebrlck   tubes    28  sq.  ft. 

Total     4,078  sq.  ft. 

Orate    area    54  Bq.  ft. 

Driving  wheels — Diameter  outside 73  Ins.  and  80  Ins. 

Diameter  of  center 66  ins.  and  73  Ins. 

.lournals Main,  10  x  12  Ins. ;    others,  9  x  12  Ins. 

Ii:nglne  truck  wheels  (front)  .Diameter,  33  Ins.  on  No.  1.  36  Ins.  on  No.  2 

Journals   6  '/4   x  13  Ins. 

Engine  truck  wheels    (back) Diameter,  42  Ins 

Journals 8  x  12   ins. 

Wheel    base — Driving    13  ft.  9  Ins. 

Rigid    13  ft.  9  Ins. 

Total  engine   32  ft.  8  Ins. 

Total    engine  and   tender 62  ft. 

Weight — On    driving    wheels 141,700  lbs. 

On    truck    (front) '. 36,300  lbs. 

On    truck    (back) 41,500  lbs. 

Total    engin.'    219,000  lbs. 

Tank — Capar  ity Coal.  9  tons  :    water.  8.400  gals. 

Tender — Wheels Number,  8  ;    diameter,  .36  Ins. 

Journals   GVs   x  10  ins. 


Mr.  C.  P.  Coleman  has  resigned  as  purchasing  agent  of  the 
Lehigh  Valley  Railroad,  and  will  engage  in  business.  The 
duties  of  his  office  will  be  performed  by  Mr.  J.  A.  Middleton, 
second  vice-president,  at  his  office  at  39  Cortlandt  street,  New 
York  City. 


Mr.  W.  J.  Taylor,  of  the  Taylor  Iron  and  Steel  Cotnpany, 
died  February  17  at  his  home  in  Bound  Brook,  N.  J.,  after  an 
illness  of  only  a  few  days.  He  was  widely  known  as  one  of 
the  pioneers  in  the  manufacture  of  car-wheels. 
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EXTENSIVE  SHOP  IMPROVEMENTS. 


Jackson,  Michigan. 


MICHIGAN    CENTRAL    BAILBOAD. 


The  Power  Plant. 


One  of  the  most  important  features  of  the  extensive  Im- 
provements under  way  at  the  locomotive  repair  shops  of  the 
Michigan  Central  Railroad,  at  Jackson,  Mich.,  is  the  introduction 
of  the  electrical  system  of  distribution  of  power,  together  with 
the  installation  of  a  very  complete  central  power  plant,  which 
will  not  only  supply  all  the  lighting  and  the  power  for  the 
machine  tools,  cranes,  etc.,  at  the  shops,  but  will  furnish 
current  for  the  electric  lighting  of  the  union  depot  and  freight 
department  buildings  in  the  center  of  the  city,  about  a  mile 
away,  and  also  for  the  night  lighting  of  the  extensive  yards 
located  in  the  eastern  section  of  the  city.  This  power  plant, 
which  has  recently  been  completed  and  placed  in  service,  has 
replaced  four  separate  isolated  power  plants  of  boilers  and 
engines  which  were  scattered  around  adjoining  various  shop 
buildings — the  machine  shop,  the  blacksmith  shop,  the  car- 
penter shop  and  the  roundhouse. 

A  departure  from  the  more  usual  method  of  power  distribu- 
tion is  an  important  feature  of  this  installation,  in  that  the 
three-phase  alternating-current  system  is  used  rather  than  the 
direct-current  system.  This  was  due  partly  to  the  desire  to 
supply  current  for  the  lighting  at  the  depot  buildings,  the 
transmission  to  which  required  a  rather  high  voltage  on 
account  of  the  distance — for  this  the  alternating  current  is 
particularly  applicable  as,  unlike  direct-current,  it  may  be 
transformed  up  to  the  high  voltage  at  the  power  plant  and 
then  transformed  back  down  at  the  point  of  consumption, 
thus  confining  the  dangers  of  the  high  voltage  to  the  trans- 
mission line  only  and  still  deriving  the  advantages  of  its  high 
economy  in  transmission.  Another  important  advantage  ac- 
companying this,  however,  is  that  due  to  the  extreme  sim- 
plicity and  durability  of  the  induction  motor  on  account  of  its 
freedom  from  brushes  or  other  exposed  contacts,  there  being 
nothing  but  short-circuited  windings  on  the  rotor  or  rotating 
part. 

The  power  plant  building  is  of  substantial  steel  and  brick 
construction,  with  Inside  dimensions  of  89  ft.  north  and  south 
and  85  ft.  east  and  west.  The  south  50  ft.  of  the  building  is 
devoted  to  the  boiler  room,  and  the  north  38  ft.  and  11  in.  to 
the  engine  room,  a  13-in.  brick  wall  dividing  the  two  rooms. 
The  height  from  the  floor  of  the  boiler  room  to  the  bottom 
chord  of  the  roof  trusses  is  24  ft.,  and  the  height  to  the  top 
Inside  of  the  monitor  over  the  boiler  room,  43  ft.;  the  height 
from  the  engine  room  floor  to  the  roof  trusses  is  22  ft.  The 
walls  are  brick  on  concrete  foundations,  the  roof  being  ex- 
panded metal  and  cinder  concrete  carried  on  steel  roof  trusses. 
The  monitor  is  also  of  steel  construction,  with  expanded  metal 
and  concrete  roofing.  The  engine  room  is  ventilated  by  6 
large  Pancoast  ventilators. 

The  floors  in  both  the  engine  and  boiler  room  are  built  of 
cinder  concrete  with  cement  dressing,  in  all  6  ins.  thick,  the 
engine  room  floor  level  being  2  ft.  above  that  of  the  boiler 
room  and  not  excavated.  Brick  pilasters  support  the  roof 
trusses  and  also  the  crane  runway  in  the  engine  room;  the 
crane  has  a  span  of  37  ft.  2  ins.,  and  is  of  TY2  tons  capacity, 
operated  by  hand  power.  A  concrete  lined  tunnel,  6  ft.  in  the 
clear  inside  height  and  4  ft.  6  ins.  wide  outside  of  pilasters, 
extends  the  entire  length  of  the  engine  room  adjoining  the 
division  wall;  the  roof  of  this  tunnel  is  expanded  metal 
and  concrete  supported  on  5-in.  I-beams.  A  further  tunnel  ex- 
tends from  this  cross  tunnel  on  the  line  G-D,  shown  in  the 
accompanying  floor  plan,  to  a  point  in  front  of  tue  air  pumps, 
this  tunnel  being  covered  by  checkered  steel  plates. 


The  boiler  equipment  consists  of  three  Babcock  &  Wilcox 
water-tube  boilers  of  their  vertical  header  type,  each  boiler 
having  2,640  sq.  ft.  of  heating  surface  and  rated  at  264  h.-p. 
They  are  set  in  batteries  of  two,  one  battery  having  at  present, 
however,  only  a  single  boiler,  provision  being  made  for  the 
addition  of  a  fourth  boiler  to  complete  that  battery  at  some 
future  time.  A  view  of  the  boilers  is  presented  on  page  93, 
which  engraving  also  shows  the  Green  stokers. 

All  three  of  the  boilers  are  equipped  with  automatic  stokers 
of  the  link  grate  type  made  by  the  Green  Engineering  Co.,  of 
Chicago,  111.  Each  stoker  has  a  free  width  of  grate  over  the 
traveling  links  of  7%  ft.  and  the  effective  grate  area  is  67y2 
sq.  ft.  presented  between  the  front  housings  and  the  arch. 
The  traveling  link  portion  of  the  grate  is  driven,  at  a  very 
slow  rate,  by  power  Irom  a  shaft  above,  through  an  eccentric 
and  ratchet  mechanism,  the  shaft  being  driven  by  a  small 
vertical  engine  on  top  of  the  coal  bunkers;  an  engine  was  here 
preferred  to  a  motor  to  permit  starting  before  dynamos  are 
running.  The  framing  of  the  stokers'  mechanism  is  very  sub- 
stantial, and  a  smoke  arch  of  novel  design  is  used,  having  the 
supporting  framework  far  removed  from  the  heat  of  the  fire. 
The  stokers  are  arranged  for  hand  feeding  from  the  floor,  the 
coal  being  stored  in  the  large  bunker  shown  at  the  south 
side  of  the  boiler  room — see  floor  plan  on  page  89.  The  coal  is 
shoveled  direct  into  these  bunkers  from  the  cars  on  a  slightly 
elevated  track  outside  the  building,  and  is  drawn  out  for  firing 
through   feeding  holes  at  the  fioor  on  the  boiler-room  side. 

Particular  attention  is  called  to  the  automatic  self-cleaning 
feature  of  the  traveling  link  grate.  The  fuel  is  fed  onto  the 
grate  at  the  front  and  is  slowly  carried  toward  the  rear,  during 
which  it  burns  progressively;  the  speed  of  travel  is  so  ad- 
justed that  the  fuel  is  completely  burned  as  it  is  dumped  off 
the  grate  at  the  rear.  This  feature  of  dumping  as  the  links 
pass  over  the  rear  drum  of  the  carrier  mechanism  causes  the 
grates  to  be  self-cleaning  and  absolutely  prevents  any  clogging 
or  trouble  from  clinkers.  When  properly  Installed  and 
handled  these  grates  consume  the  fuel  practically  smokeiessly. 
Thus,  while  of  considerable  greater  first  cost  than  ordinary 
grates,  they  will  burn  fuel  smokeiessly  and  economically,  and 
are  operated  much  more  economically  than  plain  grates. 

The  waste  fuel  gases  €ire  carried  from  the  boiler  to  the 
economizer  through  a  wrought  steel  breeching,  built  up  of 
%-in.  steel  plate  with  angle-iron  stiffeners.  The  economizer, 
which  has  a  capacity  suflicient  for  four  boilers  of  the  size 
installed,  has  192  vertical  tubes,  presenting  a  total  of  2,400 
sq.  ft.  of  heating  surface  for  heating  the  feed-water  from  the 
waste  gases;  it  was  installed  by  the  Green  Fuel  Economizer 
Company,  Matteawan,  N.  Y.  A  by-pass  is  arranged  around 
the  economizer  which  may  lead  the  waste  gases  from  the 
breeching  direct  to  the  induced  draft  fans,  if  it  is  desired  for 
any  reason  to  cut  the  economizer  out  of  use.  The  gases  are 
deflected  into  either  path  by  a  swing  damper  of  novel  con- 
struction mounted  upon  roller  bearings  placed  outside  of  the 
smoke-flue  and  which  therefore  will  not  deteriorate  through 
the  action  of  the  hot  gases  and  thus  will  always  swing  easily. 
At  the  outlet  end  of  the  economizer  there  is  arranged  a  louvre 
damper,  which  may  be  closed  when  the  economizer  is  shut 
down  for  repairs  in  order  to  keep  it  free  from  the  gases.  De- 
tails of  the  economizer  and  the  by-pass  damper  are  shown  in 
the  drawings  on  page  91. 

The  induced  draft  apparatus,  which  is  located  in  the  north- 
east corner  of  the  boiler  room,  consists  of  two  7-ft.  blast  fans 
operated  by  direct-connected  vertical  steam  engines,  together 
with  the  steel  stack  and  connections,  all  of  which  were  fur- 
nished by  the  B.  F.  Sturtevant  Company,  Boston,  Mass.  The 
fans  are  arranged  one  above  the  other  for  economy  of  space, 
a.i  shown  in  the  elevation  drawings  of  the  boiler  room,  the 
upper  fan  and  its  engine  being  supported  upon  a  steel  plat- 
form of  I-beams  9  ft.  4  ins.  above  the  floor.  Each  fan  is 
driven  by  a  single  engine,  with  cylinder  8  Ins.  in  diameter  by 
6-in.  stroke,  of  the  well-known  vertical  inclosed  type  of  the 
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Sturtevant  Company's  make,  the  blast  wheel  of  the  fan  being 
mounted  directly  upon  an  extension  of  the  engine's  shaft. 
The  blast  wheels  are  each  84  ins.  in  diameter  with  42  ins. 
face,  each  fan  having  a  delivery  outlet  42  x  48%  ins.  in  section. 
Each  fan  is  provided  with  tight-shutting  louvre  dampers  at 
the  inlet  side  for  cutting  it  out  of  service,  and  the  bearings 
for  the  engine  and  fan  shaft  are  all  removed  from  contact 
with  the  hot  gases  and  are  water-cooled  besides  to  prevent 
interruptions  of  service  by  overheating.  Either  fan  is  capable 
of  carrying  the  load  for  all  of  the  boilers,  the  extra  fan 
being  installed  for  reserve  to  permit  shutting  one  down  for 
repairs  at  any  time.  The  steel  stack  is  60  ins.  in  diameter 
inside  and  extends  to  a  height  only  48  ft.  5  ins.  above  the 
boiler-room  floor.  This  elimination  of  the  high  stack,  other- 
wise necessary,  with  its  attendant  high  first  cost  and  expense 
of  maintenance,  is  an  even  greater  advantage  of  the  induced 
draft  system  than  that  offered  by  its  remarkable  ability  to 
force  the  boilers  to  meet  sudden  and  unexpected  demands. 

The  arrangement  of  the  steam  piping  is  shown  in  the 
cross-section  view  of  the  power  plant.  The  main  steam  header 
is  supported  back  of  the  boilers  and  over  the  breeching  upon 
a  specially  designed  pipe  gallery  and  is  10  ins.  in  diameter 
throughout  its  length.  The  steam  is  taken  from  the  boilers 
through  Davis  automatic  stop  and  check  valves,  which  will 
close  in  case  of  accident  to  the  boiler  or  piping,  and  through 
an  8-in.  pipe  bend  to  a  gate  valve  located  on  top  of  the 
header.  The  connections  to  the  engines  are  provided  with 
gate  valves  at  the  point  where  they  leave  the  header,  next 
to  which  are  placed  steam  separators.  The  pipes  then  are 
carried  on  a  bend  of  90  deg.  to  the  engine  throttles.  An 
auxiliary  steam  header  3  ins.  in  diameter  is  connected  imme- 
diately above  the  stop  and  check  valves  through  gate  valves 
from  each  boiler.  This  auxiliary  header  is  used  for  the  sup- 
ply of  steam  to  the  boiler  feed  pumps,  to  the  induced-draft 
engines,  the  engines  for  operating  the  stokers,  and  to  the 
automatic  pumps  used  in  connection  witn  the  heating  sys- 
tem. Also  a  4-in.  pipe  line  is  run  from  the  main  header  to 
the  blacksmith  shop  to  supply  the  steam  hammers. 

The  main  exhaust  header  is  carried  in  the  tunnel  under 
the  south  side  of  the  engine  room  and  receives  exhaust  from 
the  engines  underground.  A  14-in.  connection  is  made  through 
the  tunnel  leading  into  the  boiler  room  from  the  main  ex- 
haust header  to  the  open  feed-water  heater  and  to  a  riser 
extending  up  through  the  roof  and  provided  with  a  back- 
pressure valve  and  an  exhaust  head  for  free  exhaust.  The 
back-pressure  valve,  located  in  the  exhaust  riser  just  above 
the  heater  connection,  is  a  Kieley  valve,  which  will  open  in 
case  the  heating  system  cannot  take  care  of  all  the  exhaust 
steam,  causing  a  pressure  to  back  up  toward  the  engines. 
The  exhaust  from  the  auxiliaries  is  also  brought  in  to  the 
main  steam  pipe  below  this  back-pressure  valve.  A  cross- 
connection  is  made  irom  the  steam  header  to  this  vertical 
riser  through  a  pressure-reducing  valve,  which  enables  live 
steam  to  be  furnished  to  the  exhaust  system  for  heating  in 
case  of  necessity. 

The  piping  is  of  standard  wrought-lron  pipe,  the  high-pres- 
sure lines  being  equipped  with  extra  heavy  fittings.  The 
valves  throughout  are  of  Chapman  make,  except  the  pressure- 
reducing  valve  and  the  back-pressure  valve,  which  are  Kieley 
valves,  and  the  automatic  stop  and  check  valve  and  the  fan 
regulator  valve  on  the  steam  connection  to  the  fan  engines, 
which  are  of  G.  M.  Uavis  Regulating  Company's  manufacture. 
For  the  automatic  return  of  the  condensed  water  accumulat- 
ing in  the  high-pressure  steam  pipe,  the  separator  receivers, 
and  at  the  engine  throttles,  the  Holly  system  is  used.  All 
piping  is  covered  with  the  H.  W.  Johns-Manville  Company's 
asbestos  sponge-felted  covering. 

The  fan-regulator  valve  controlling  the  fan  engines  Is  an 
interesting  feature  of  the  boiler  equipment.  It  is  inserted  in 
the  steampipe  leading  to  the  fan   engines    and    set   for   the 


desired  pressure  to  be  carried  on  the  boilers.  Normally  the 
valve  is  open  until  the  pressure  rises  and  overcomes  the 
weighting,  when  it  slowly  closes  and  slows  down  the  engine 
driving  the  fan.  When  the  pressure  drops  the  valve  opens  and 
allows  the  engine  to  speed  up  again,  thus  automatically  keeping 
the  boiler  pressure  at  as  near  a  fixed  point  as  the  regulation  of 
induced  draft  will  accomplish.  The  regulator  is  provided 
with  an  adjustment  arrangement  so  that  the  valve  throw 
may  be  limited  and  the  maximum  and  minimum  speed  of  the 
engine  may  be  fixed.  It  is  found  best  to  adjust  the  throw  of 
the  valve  not  to  shut  off  entirely,  so  as  to  keep  the  engine 
moving  and  thereby  avoid  dead  centers. 

The  boilers  are  fed  by  two  Worthington  7%  x  4%  x  10-in. 
outside-packed  pressure-pattern  feed-pumps,  which  draw  water 
from  a  Webster  vacuum  heater  of  1,200  rated  horse-power 
capacity. 

HEATING    SYSTEM. 

The  main  exhaust  header  in  the  engine-room  tunnel  extends 
the  full  length  of  the  building  and  out  underground  at  each 
end  through  a  Webster  oil  separator.  These  pipes  form  the 
mains  for  the  heating  system  throughout  the  entire  plant. 
The  return  pipes  are  brought  in  through  this  tunnel  at  each 
end  and  are  carried  into  the  boiler  room  to  the  two  vacuum 
pumps.  The  shops  had  formerly  been  heated  by  live  steam 
direct  from  boilers,  while  all  exhaust  steam  had  been  allowed 
to  escape  to  the  atmosphere.  In  the  new  plant,  with  the  in- 
stallation of  new  engines  of  much  greater  capacity  than  for- 
merly used,  the  exhaust  steam  from  them,  together  with  that 
from  the  hammers  in  the  blacksmith  shop,  was  considered 
too  valuable  to  throw  away.  After  looking  into  the  merits  of 
the  various  methods  and  systems  of  heating  and  circulating 
steam,  the  Webster  system  was  adopted  and  is  now  in  success- 
ful operation. 

The  locomotive  and  machine  shops,  which  are  both  under 
one  roof,  contain  in  all  3,300,000  cu.  ft.  of  air,  and  for  heat- 
ing there  has  been  installed  two  fans  and  large  groups  of 
blast  coils,  containing  in  all  21,000  lineal  feet  of  1-in.  pipe. 
These  fans  and  coils  are  of  the  National  Blower  Company's 
manufacture.  The  other  buildings  in  the  group  are  heated 
by  direct  radiation  in  the  form  of  wall  or  ceiling  coils  and 
cast-iron  radiators,  there  being,  all  told,  about  15,000  sq.  ft. 
of  direct  heating  surface  with  a  cubical  contents  of  buildings 
of  about  2,000,000  cu.  ft. 

The  supply  piping  is  run  from  the  power  house  to  the  near- 
est buildings,  and  between  buildings,  through  tunnels  and 
trenches;  but  is  raised  and  suspended  overhead  inside  the 
buildings.  The  system  of  return  piping  is  all  run  in  trenches 
under  the  ground  or  floors,  and  connections  are  made  to  these 
returns  from  every  heating  unit. 

Two  special  vacuum  pumps  in  the  boiler  room  are  connected 
to  the  main  returns  and  are  used  to  draw  the  water  of  con- 
densation and  air  from  the  coils  and  radiators,  the  conden- 
sation being  delivered  into  a  Webster  feed-water  heater  and 
purifier.  The  extraction  of  air  and  water  from  each  radiator 
and  coil  is  controlled  by  special  Webster  thermostatic  water 
and  air  relief  valves,  attached  to  the  return  end  of  the  unit 
in  place  of  the  ordinary  air  valves. 

By  the  use  of  the  Webster  system,  exhaust  steam  is  used 
to  the  fullest  extent,  and  when  not  sufficient  is  supplemented 
bj  live  steam  from  the  boilers  under  a  reduced  pressure.  The 
circulation  is  accomplished  under  a  pressure  below  that  of  the 
atmosphere,  all  air  and  water  being  extracted,  the  former 
escaping  to  the  atmosphere  and  the  latter  entering  the  feed- 
water  heater  to  De  used  again  for  boiler-feed  purposes. 

The  heating  plant  was  installed,  under  the  supervision  of 
Charles  H.  Wilmerding,  consulting  engineer,  by  Thomas  & 
Smith,  the  heating  contractors.  The  Webster  system  was  in- 
stalled under  the  supervision  of  the  American  Engineering 
Specialty  Company,  Chicago,  111.,  Western  agents  of  Warren 
Webster  &  Company, 
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DETAILS    OF    BY-PASS    DAMPER    IN    BREECHING    AT    ENTRANCE    TO      THE 
ECONOUIZEB     SHOWING   AKRANGEMBNT   OP   BOLLEK   BEARING. 
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ELECTRIC     EIGHT-PANEL     SWITCHBOARD,     SHOWING     WATTMETERS 
UPON    THE     TWO     MIDDLE     PANELS. 


200kw.  machines,  while  that  driven  by  the  smaller  engine  Is 
a  2i;pole  60-kw.  machine.  A  particular  feature  of  these 
dynamos  is  the  method  of  operating  the  compensating  ex- 
citers by  mounting  upon  the  outboard  bearing  pedestal  and 
gearing  direct  from  the  main  shaft.  The  rating  of  these 
dynamos  is  on  the  basis  of  an  increase  in  temperature  not  to 
exceed  2.5  deg.  C.  after  a  continuous  full-load  run  of  24  hours. 
The  cables  leading  from  the  generators  to  the  switchboard 
are  carried  in  a  checkered-plate  covered  trench  in  the  floor, 
as  shown  in  the  generator  view  on  page  92,  which  leads  to 
a  pit  behind  the  board.  The  switchboard,  which  was  built  by 
the  General  Electric  Company,  consists  of  eight  panels  of 
blue  Vermont  marble,  90  ins.  high  by  32  ins.  wide  by  2  ins. 
thick,  mounted  on  an  angle-iron  platform  and  braced  out 
from  the  wall  at  a  distance  of  6  ft.  Three  of  the  panels  are 
generator  panels,  two  are  lighting  panels  and  the  other  three 
are  power-feed  panels.  The  board  is  equipped  with  two  re- 
cording wattmeters,  one  for  registering  the  power  output 
and  the  other  the  lighting  output.  There  are  at  the  rear  two 
sets  of  bus  bars,  one  set  for  power  and  one  for  lighting. 
The  power  feeder  panels  are  equipped  with  automatic  oil 
switches.  The  cables  from  the  generators  are  brought  in 
under  the  switchboard  to  a  pit  4  ft.  3  ins.  deep,  which  is  cov- 


VIEW    OF    THE    BOILERS,    SHOWING    TRAVELING    LINK     GRATES,    FEED-WATER 
HEATER    AND    PUMP    GOVERNOR. 


VIEW    OF    BOILER   FEED    PUMPS,    SHOWTNG    ALSO    ECONOMIZEE    AND    INDUCED- 
DRAFT   FANS   IN    PAKT. 


JACKSON     SHOPS     POWER     PLANT. — MICHIGAN     CENTRAL     RAILROAD. 


The  engine  equipment  consists  of  two  tandem-compound 
liorizontal  engines,  with  cylinders  16  and  25  ins.  in  diameter 
by  18  ins.  stroke,  which  run  at  200  revolutions  per  minute, 
and  a  smaller  tandem-compound  engine,  with  cylinders  10 
and  16  ins.  in  diameter  by  14  ins.  stroke,  all  three  of  which 
were  furnished  by  the  Ball  Engine  Company.  They  are  all 
of  the  shaft-governor  automatic  cut-off  type,  and  operate  non- 
condensing  at  an  initial  steam  pressure  of  150  lbs.  per  square 
inch.  They  are  all  provided  with  synchronizing  devices,  by 
which  they  may  all  be  brought  to  a  common  speed  when  the 
dynamos  are  being  operated  in  parallel. 

An  old  air-compressor  moved  from  one  of  the  previous 
power  plants  is  installed  in  the  engine  room  for  present  pur- 
poses. It  is  a  Rand  two-stage  compressor,  with  inter-cooler, 
having  10  x  16-in.  steam  cylinders  and  T'/o  and  14  x  16-in.  air 
cylinders,  delivering  at  a  pressure  of  120  lbs.  The  dimensions 
of  the  engine  room,  however,  are  such  as  to  admit  of  the  in- 
stallation later  of  an  air-compressor  of  1,000  or  1,200  cu.  ft. 
capacity,  and  also  anadditional  200-kw.  generating  unit. 

Each  of  the  engines  are  direct-connected  to  an  alternating- 
jurrent  three-phase,  60-cycIe,  compensating  exciter  type  gen- 
erator, with  stationary  armature  and  wound  for  480  volts,  all 
of  which  were  built  by  the  General  Electric  Company.  The 
generators  driven  by  the  two  larger  engines  are  both  36-pole 


ered  over  at  the  floor  level  with  a  wooden  grating  supported 
or.  steel  I-beams.  All  outgoing  feeders  are  taken  out  from 
the  bottom  of  the  board  into  the  pit  and  led  out  in  lead-covered 
cables  underground. 

The  present  electrical  load  to  be  operated  from  this  plant 
consists  of  480  h.p.  in  motors  driving  machine  tools,  etc.,  107 
arc  lamps  and  about  600  incandescent  lamps,  besides  three 
alternating  current  cranes,  two  of  60  tons  each  with  auxiliary 
10-ton  hoists,  and  one  crane  of  7%  tons  capacity.  The  first  two 
cranes  are  equipped  with  45-h.p.  motors  for  the  main  hoist 
and  for  the  bridge  travel.  30-h.p.  motors  for  auxiliary  hoist 
and  10-h.p.  motors  for  trolley  travel,  while  the  ""A-ton  crane 
is  equipped  with  11-h.p.  motors  for  the  main  hoist  and  the 
bridge  travel  and  a  3-h.p.  motor  for  the  trolley  travel.  The 
total  connected  load  in  motors,  therefore,  will  be  743  h.p. 

We  are  indebted  to  Mr.  C.  H.  Wilmerding,  consulting  engi- 
neer, for  drawings,  information  and  assistance  in  the  prepa- 
ration of  this  description.  Mr.  Wilmerding  designed  the 
building  and  superintended  its  construction. 


Mr.  John  N.  Abbott  has  resigned  as  vice-president  and  gen- 
eral manager  of  the  "Consolidated  Railway  Lighting  and  Re- 
frigerating Company,"  100  Broadway,  New  York,  and  has  also 
dissolved  his  connection  with  the  several  subsidiary  companies. 
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NEW    YORK  I  SUBWAY  ^CARS. 

Inthuuokough  Rapid  Transit  Company. 


FBAMINfi    AND   CONSTRUCTION   DETAILS. 


Photographic'   views  of  the  sample  cars   Ijuilt  Tor  this  road 

were  Illustrated  on  page  308  ol'  this  Journal  lor  Ortober,  1902. 

Since  that  time  the  standard  construction  has  been  determined 

upon,  and  500  cars  are  now  being  built,  to  be  ready  for  service 

when  the  road  opens  next  year.     The  details  were  worked  out 

under  the  direction  ol'  Mr.  George  (Mbbs,  consulting  enginoer 

of  the  road. 

Generjil  DiiiH-tisicnis. 

Ft.  Ins. 

Length  over  body   corner  posts 42  7 

Length   over   buffers    5L  2 

Length   over  drawbars 51  5 

Center  to  center,   needle  beams 10  11 

Width   over  side   sills    8  8% 

Width  over  sheathing    8  10 

Width   of   platforms    8  10 

Width   over   eaves    8  6 

Height,  top  of  rail  to  under  face  of  side  sill  at  truck  (car  light)    3  1% 

Height,  top  of  rail  to  top  of  roof  at  center  (car  light) 12        % 

Truck   centers    36  0 

Diameter   of   motor   truck   wheels 33 

Diameter  of  trailer  truck  wheels 30 

Weight  of  car  body    (estimately)    27,000   lbs. 

Steel  Shapes  in  Frame. 

Side  sills fi-in..  8-lb.  channels.  47  ft.  i%  ins.  long 

Body  end  sills 5-in..  llV.'-lb.  channels.  8  ft.  I14  ins.  long 

Drawbar  supports 4-in.,  614-lb.  channels,  3  ft.  4%  ins.  long 

Center  sills 5-in.,  12i4-lb.  I-beams,  47  ft.  4%   ins.  long 

Needle  beams 5-in.,  9% -lb.  I-beams,  8  ft.  6  ins.  long 

Platform  supports 5-in.,  16-lb.  Z-beams,  4  ft.  6  ins.  long 

End  bars  in  hood 2%   by  2  by  %-in.  angles 

Platform  end  sills 5  by  4  by  %-in-  angles 

Sector  bars 6  by  3 1/.   by  i.4 -in.  angles 

Platform  supports 6  by  4  by  ^-in.  angles 

The  bodies  are  the  same  for  motor  and  trailer  cars.  The 
motor  cars  have  one  motor  and  one  trailer  truck.  The  differ- 
ence in  height  due  to  the  difference  in  the  wheel  diameters  Is 
made  up  in  the  truck  design. 

PLATFORMS. 

The  channels  and  beams  in  the  longitudinal  sills  are  secured 
to  steel  angles  forming  the  platform  end  sills,  to  which  are 


|« i'-i«'-  — «4 

S     Section  at  Center! 
>  of  Car 

i 


also  attached  the  anti-telescoping  plates  and  anti-telescoping 
posts.  The  latter  extend  and  are  secured  to  the  steel  angles 
forming  the  end  bow  reinforcements,  which  are  secured  to  the 
end  bows,  with  ends  extending  along  the  sides  of  the  side 
plates  in  the  car  body  and  are  secured  thereto.  The  platform 
structure  at  each  end  is  supported  by  Z-bars  and  angles,  the 
Z-bars  being  bolted  to  the  center  sills  and  the  angles  to  the 
side  sills.  These  supports  extend  beyond  the  platform  end-sill 
angles  to  support  the  platform  sills  and  buffer  beams.  Two 
rods  at  each  end  of  the  car  with  threaded  ends  pass  through 


the  endsill  angles  and  end-wall  castings  for  the  platform  truss- 
ing. The  buffer  beam  is  built  up  ol  white  oak,  and  is  secured 
to  two  oak  timbers  placed  on  the  Z-bar  supports  and  bolted  to 
the  bars  and  end-sill  angle.  A  cast-steel  drawbar  carrier  is 
bolted  under  the  end-sill  angle  between  the  Z-bars.  On  each 
Zbar  is  a  sector  bar  support  to  which  the  steel  angle  sector  bar 
faced  with  plate  steel  is  bolted.  On  each  side  of  the  platform, 
resting  in  castings  under  the  buffer  beams  and  extending 
through  the  body  bolster,  is  a  safety  chain  anchor  rod,  with  a 
sining    seating  against  the  body  bolster  filling  casting. 

IRAMINO. 

The  side  sills  are  of  heavy  steel  channels,  the  center  sills  of 
heavy  I-beams;  all  longitudinal  sills  are  reinforced  on  the 
sides  with  heavy  timbers,  as  shown  in  transverse  section. 
The  body  end  sills  are  channels  secured  to  the  side  sills  by 
gusset  plates  and  to  the  center  sills  by  steel  castings.  The 
body  bolsters  are  of  plates,  with  a  steel  draw  casting  at  the 
center.  Under  the  body  end  sills  are  cross  trusses,  and  other 
cross  trusses  are  provided  at  the  needle  beams.  Special  atten- 
tion was  given  to  securing  strong  construction  in  the  floor 
and  roof  framing  at  the  ends  of  the  car.  The  body  counter- 
brace  rests  at  the  ends  in  pocket  castings  over  the  bolsters, 
and  brace-rods  are  secured  to  the  long  brace  at  the  joints, 
passing  through  the  side  sills  at  the  needle  beams.  On  each 
side  of  the  car  is  a  long  truss  rod  with  flat  ends  hooked  over 
the  short  diagonal  braces  at  the  ends  of  the  car.  These  rods 
have  turnbuckles  and  extend  from  end  to  end  of  the  car. 
Toward  the  center  of  the  car  the  rod  is  a  flat  bar,  gained 
into  the  posts.  The  ends  of  the  short  diagonal  braces  at 
the  ends  of  the  body  counter  brace  are  bored  for  rods,  passing 
down  through  the  side  sills  near  the  bolsters.  The  truss  plank 
is  of  Southern  pine  1%  x  IIY2  ins.,  extending  the  full  length 
of  the  car  to  the  body  corner  posts  in  one  piece.  At  the  center 
of  the  car  is  a  pair  of  diagonal  brace  rods  secured  to  the  side 
sUis.  The  spaces  in  the  bracing  below  the  windows  are  filled 
with  whitewood  blocking. 

ROOF   FRAMING. 

The  engravings  are  intended  to  illustrate  the  roof  and  ves- 
tibule construction  without  detailed  description.  The  prin- 
cipal carlines,  of  which  there  are  seven,  are  composite,  of 
wrought  iron  shaped  to  the  roof  and  sandwiched  between  two 
white  ash  carlines.  White  ash  is  used  for  the  side  deck  inter- 
mediate,  upper  deck  and   hood  carlines. 

The  cars  are  fitted  with  guard  chains,  hand  holds  and  safety 
gates,  everything  being  designed  with  a  view  of  allowing  the 
cars  to  pass  the  90-ft.  radius  curves  on  the  Manhattan  tracks, 
in  case  the  cars  should  be  used  on  the  elevated  roads.  For 
this  purpose  auxiliary  bolsters  were  provided  at  each  end  of 
the  cars  and  extension  links  are  used  for  transmitting  the 
draw  bar  pull  to  the  bolsters. 

To  guard  against  fire  from  the  wiring  the  floors  are  ceiled 
underneath  with  14-in.  "Transite"  board  secured  to  all  the 
bridging.  The  cables  are  also  protected  by  conduits  of  the 
same  material,  and  no  wires  enter  the  cars  except  for  lighting 
and  heating.  Over  the  motors  the  protection  is  reinforced  by 
steel  plate  and  fire  felt.  All  of  these  cars  have  the  Gibbs 
sliding  door  in  the  vestibules.  The  floor  is  grooved.  The 
cars  are  sheathed  with  copper  outside  and  are  finished  inside 
with  mahogany  of  light  color.  The  headlining  is  of  composite 
board. 

The  cars  will  seat  52  persons.  The  spaces  under  longitudinal 
and  cross  seats  are  ceiled  up  with  framework  of  wood,  in  which 
the  electric  heaters  are  placed.  The  interior  finish  is  rather 
plain,  but  neat:  the  panels  have  marqueterie  linings,  and  all 
mouldings  are  plain.  The  ceiling  is  of  half  Empire  design, 
painted  light  color,  with  plain  deeoration.  The  cars  will  be 
lighted  w-ith  incandescent  electric  lights,  26  of  which  are 
placed  on  the  ceilings  inside  of  the  car  and  two  above  each 
platform  in  the  hood.     The  platform  doors  are  of  exceedingly 
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bovel  design;    the  side  or  exit  doors  are  operated  by  levers  form,  and  when  the  door  is  folded  back  into  the  open  position 

from  the  end  of  the  car,  and  the  end  door  is  so  arranged  that  it  encloses  the  master  control  and  motorman's  brake-valve. 
when   the  platform  is  used  as   the  motorman's  compartment  We  are  indebted  to  Mr.  George  Gibbs,  consulting  engineer, 

this  door  closes  the  passageway  between  the  center  vestibule-  and  Mr.  W.  T.  Thompson,  master  mechanic  of  the  road,  for  the 

posts,   giving  the  motorman   the   freedom   of  the   entire   plat-  drawings  and  information. 
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BODY  BOLSTEK. 


SECTION  NEAR  BODY  END  SILL. 


PLATFORM  FRAMING  AND  DSAFT  GEAR. 

PASSENGER  CARS. — INTERDOROUGH   RAPID  TRANSIT   CO.MPANY. 
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TEST   OF    OIL    BURNING     LOCOMOTIVE. 


Distance  1,422  Milks. 


ATCHISON,  TOPEKA  &  SANTA  FE  KAII.WAY. 


The  thipr-tuinace,  cornigatnd  firebox,  oil-burning  locomo- 
tive. No.  S24,  built  by  the  Baldwin  Locomotive  Woi'ks  for  this 
road  was  illustrated  on  page  lU  of  this  journal  for  January, 
1902.  Since  the  engine  went  into  service  the  brick  setting  of 
the  fireboxes  has  been  changed  in  accordance  with  the  draw- 
ing presented  herewith. 

After  the  oil-burning  devices  had  been  adjusted  upon  the 
arrival  of  the  engine  at  Topeka,  it  was  decided  to  make  a 
running  test  with  full  tonnage  in  a  run  of  1,422  miles  from 
Topeka  to  Needles,  Cal.,  where  the  engine  was  to  go  into 
regular  service.  The  data  were  taken  by  Mr.  C.  B.  Goode, 
who  acted  as  fireman  for  the  entire  trip.  Ten  engineers  served 
over  the  various  divisions.  Oil  was  carried  in  a  tank  car  from 
Topeka  and  other  cars  were  stationed  along  the  line  at 
Dodge  City,  Albuquerque  and  Gallup.  The  engine  tank  was 
filled  from  the  cars  by  compressed  air.  Beaumont  oil  was 
used  over  all  divisions  e.xcept  the  last,  from  Seligman  to 
..eedles,  where  Bakersfield  oil  was  used.  Except  between 
Gallup  and  winslow,  128  miles  of  down  grade,  full  tonnage 
was  haulea  all  the  way.    There  were  no  "engine  failures'"  and 


the  trip — at  La  Junta,  Raton  and  Albuquerque.    At  the  other 

division  points  the  boiler  was  left  full  of  water  over  night, 
and  in  the  morning  its  own  steam  was  used  in  firing  up. 

From  Nc^wton  to  Dodge  City  the  evaporation  per  pound  of 
oil  was  lowest.  This  was  because  of  difficulty  in  securing  the 
proper  adjustment  of  the  two  upper  burners.  In  firing  oil- 
burning  locomotives  the  fireman  regulates  the  oil  by  the  color 
of  the  smoke  at  the  stack  and  by  the  steam  gauge.  Mr.  Goode 
says:  "The  only  excuses  for  smoking  an  oil-burning  locomo- 
tive are  leaky  tubes,  a  leaky  firebox  or  difficulty  in  adjusting 
the  burners  properly."  He  also  says:  "Engine  824  has  been 
doing  good  work  on  the  mountain  over  a  3%  per.  cent,  max- 
imum grade  from  San  Bernardino  to  Summit." 

This  test  does  not  represent  an  efficiency  investigation  of 
oil  fuel,  but  a  running  test  over  a  long  distance  under  ordinary 
road  conditions.  The  data  are  presented  in  the  accompany- 
ing tables.  We  are  indebted  to  Mr.  G.  R.  Henderson,  super- 
intendent of  motive  power  of  the  Santa  Fe,  and  to  Mr.  Goode 
for  this  information. 

OIL    AND    WATEH    CONSt'MPTlON    BY    B.NGI.VE     824. 

Topeka.    Kan.,    to    Needles,    Arl/,..    1.422    Miles. 
Left  Topeka,  May  2,  1902.  at  4.40  A.   M.     Arrived  Needles. 

May  17,  1902.  at  1.10  A.  M. 
Length  of  time  on  trip.  Topeka  to  Needles.  .14  days.  8  bours,  ao  minutes 

Delays  and  time  not  running 11  days.   1  hour,  35  minutes 

..^ttual  running  time '.i   days.   6   hours.  55  minutes 

Average  speed  on  trip   (running  time),  miles  per  hour l**.l 

Average  tonnage  for  entire  trip    930  tons 

Tons  hauled  one  mile  for  entire  trip    1,330.631   tons 

Total  weight  oil  burned    (Topeka  to  Needle-)    in  tons 69.9  tons 


FIREBOX     SETTI.VG.- 


-LONG-DISTANCE     TEST     OF     A    TRIPLE-FURXACE    OIL-BURNING    LOCO.MOTIVE. 

ATCHISON,    TOPEKA   &    SANTA   FE    RAILWAY. 


no   trouble   whatever   except   a   little   difficulty   in   firing   up   at  Total  weight  water  evaporated   (Topeka  to  Needles)   iu  tons.. 721. 6  tons 

..„,,.,  ,      ,        i   i,  i.  Water  evaporated  per  lb.  oil   iTopeka  to  Needles)    in  lbs 10.32   lbs. 

one  or  two  points.     The  boiler  was  washed  out  three  times  on       oil  burned  per  ton  mile  (Topeka  to  Needles)   in  lbs 105  lb. 

THE   RECORD  BY   DIVISIONS. 


Division 


Mileage     

Mean  grade — feet  per  mile. 

Date    

Train    No 

Leaving  time   

.^rriving  time    

rime  on   road    

Actual    running  time    

Average  speed — miles  p.  h. 

Tonnage    

Number  of  cars 

Tons  hauled  one  mile    .... 

Oil  burned  over  division, 
lbs.    (actual)    

Water  evanorated  over  divi- 
sion, lbs.    (actual)    

Evaporation  per  lb.  oil.  lbs. 

Oil  burned  per  ton  mile,  lbs. 

Oil  burned  per  engiuo  mile, 
lbs 


Topeka 

to 
Emporia 


62 

17.2 

5-2-02 

29 

4.40  a.m. 

9.40  a.m. 

5  h. 

3  h.    50  m. 

1B.2 

1.100 

6S!2C)0 

9,177 

88.096 
9.60 
.134 

148. 


Emporia 

to 
Newton 


74 

6.2 

5-2-02 

Extra 

5.45  p.m. 

1.05   a.m. 

7  h.,  20  m. 

4  h..  50  m. 

15.3 

2  000 

72 

148.000 

11,362 

110.070 
9.68 
.078 

154. 


Newton    to 

Dodge 

City 


167 

7.9 

5-3-02 

3d-33 

6.05  p.m. 

3.50   a.m. 

9  h.,  45  m. 

7  h..   40  m. 

21.8 

1,273 

212  591 


127,314 
9.06 
.066 


84. 


Dodge 

City  to 

La   Junta 


La  Junta 

to 

Raton 


Raton       Las   Vegat 
to  to  .\lbu- 

Las   Vega.*     querque 


202 

9. 

5-4-02 

Extra 

11.30  a.m. 

5.30   a.m. 

IS  h. 


105 

36.4 

5-6-02 

lst-33 

11.25  a.m. 

8.05  p.m. 

8  h.,  40  m. 


11  h.  20  m  5  h.,  50  m. 


17.8 

1.110 

70 

224  220 

21.850 

202.515 
9.27 
.098 

108. 


IS 
545 


125.495 
11.50 
.194 

104. 


Ill 

17.6 

5-8-02 

Local 

9.15  a.m. 

12.45   a.m. 

15  h.  30  m 

7h..  10  m. 

15.5 

1.125 

42 
124.875 

11.799 

133.916 
9.66 
.094 

106. 


Albu- 
querque to 
Gallup 


132 

158 

17.1 

16. 

5-9-02 

5-11-02 

lst-33 

lst-33 

11.35  am 

4.25  a.m. 

9.45  p.m. 

5.25  p.m. 

10  h,  10  m 

13  h. 

6  h.,  55  m. 

9  h..  40  m 

19.1 

16.4 

635 

1.000 

39 

38 

S3.S20 

158.000 

10,488 

109.495 
10.44 
.125 

79. 


17.480 

202.102 
11.53 
.110 


Gallup 

to 

Winslow 


128 

2 

5-11-02 

Extra 

8.15  p.m. 

3.50  a.m. 

7  h..  35  m. 

5  h. 

25.6 

25 

1 

3  200 

4.807 

54.963 
11.43 
.150 

3S. 


Winslow 

to 
Seligman 


143 

25. 

5-14-02 

Extra 

7.45  a.m. 

S.05   p.m. 

12  h.  20  m 

9  h. 

15.9 

1,030 

25 

147,290 

17.480 

199.692 
11.42 
.102 

122. 


Seligman 

to 
Needles 


140 

10. 

5-16-02 

Extra 

4.30  a.m. 

1.10  a.m. 

8h..  40  m. 

h..  40  m. 

18.3 

700 

104.300 

10.488 

109.568 
10.45 
.101 

70. 
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MACHINE    TOOL    PROGRESS. 


III. 


Feeds  and  Drives. 


nv    C.    W.    OBERT. 


A   PORTABLE   POSITIVE   FEEDING   ATTACHMENT. 


The  preceding  articles  of  this  series  have  dealt  with  types 
of  variable-speed  positive-drive  feeding  mechanisms  which 
have  been  built  upon  machine  tools  as  an  essential  part,  being 
incorporated  in  the  design  of  the  machine  and  thus  not  ap- 
plicable to  any  other  tool.  The  National  Machine  Tool 
Company,  Cincinnati,  Ohio,  have  introduced  an  independent 
feeding  mechanism,  which  is  of  particular  interest  because  it 
will  accomplish  the  same  purpose,  yet  at  the  same  time  is  a 
complete  and  separate  attachment  in  itself,  which  is  applicable 
to  any  lathe  equipped  with  the  usual  style  of  quadrant  for 
change  gears.  It  is  quickly  applied  to  a  lathe  and  easily 
manipulated,  and  will  prove  invaluable  where  it  is  desired  to 
replace  the  loose  change  gear  system  and  belt  feeds  by 
positive-drive  geared  feeds  in  adapting  a  lathe  to  the  new 
high-duty  tool  steels  for  hard  use  and  profit  making. 

The  accompanying  engravings  on  the  opposite  page  present 
comprehensive  illustrations,  front,  rear  and  internal,  of  this 
interesting  device.  It  consists  of  a  series  of  pinions  of  different 
sizes  mounted  within  a  dust  proof  case  and  arranged  to  all 
rotate  together  in  mesh  with  a  common  intermediate  gear, 
and  means  of  delivering  motion  from  any  of  the  driven  pinions 
through  various  gear  combinations.  Fig.  15  shows  the  arrange- 
ment of  the  nine  pinions,  E-E,  around  the  common  driving 
gear,  F,  the  front  half,  M,  of  the  ease  being  removed.  The 
common  gear,  F,  is  mounted  upon  and  rotates  on  the  eccen- 
trically located  stud,  R,  on  the  front  halt  of  the  frame;  it  is 
to  be  noted  that  gear,  F,  is  not  driven  at  its  hub. 

The  device  is  mounted  upon  a  lathe  by  merely  bolting  the 
mounting  plate,  P,  to  the  lathe's  quadrant  in  place  of  the  in- 
termediate gear,  and  so  adjusting  it  that  the  receiving  gear.  A, 
may  be  swung  into  mesh  with  the  spindle  pinion,  S.  As  may 
be  seen  in  Fig.  15,  gear,  A,  is  mounted  upon  a  bracket,  J,  ad- 
justable concentrically  with  gear,  B,  which  is  driven  by  A; 
this  facilitates  the  proper  meshing  of  the  gears  and  also  ren- 
ders the  device  adaptable  to  lathes  of  different  designs. 

The  drive  for  the  gearing  is  from  the  spindle  pinion,  S,  of 
the  lathe  through  gear.  A,  to  gear,  B,  which  is  mounted  upon  a 
shaft  passing  through  the  extension  hub,  O,  of  bracket,  J,  upon 
which  the  frame  of  the  gear  box  is  mounted  by  the  hole  in 
stud,  R.  The  opposite  end  of  this  shaft  is  keyed  for  the  driv- 
ing gear,  C,  Fig.  13;  gear,  C,  drives  the  train  of  geai-s  within 
the  case  by  means  of  pinion,  D,  which  may  be  mounted  at  will 
upon  either  one  of  two  of  their  extended  shafts,  2  or  3,  which 
project  out  through  the  front  of  the  case,  and  are  feathered 
and  provided  with  spring  buttons  for  retaining  the  gear.  As 
may  be  seen  from  the  internal  view,  shaft  3  drives  gear,  P, 
at  a  slower  rate,  while  shaft  2  will  drive  it  at  a  taster  rate; 
thus,  by  means  of  pinion,  D,  two  rates  of  speed  are  available, 
while  inasmuch  as  gears,  C  and  D,  are  entirely  interchangeable 
four  changes  of  speed  may  be  obtained. 

The  method  of  taking  motion  from  any  one  of  the  pinions, 

E,  which  run  at  differing  speeds  in  mesh  with  common  gear, 

F,  is  by  means  of  jaw  clutches,  H-H.  in  the  ends  of  their  shafts 
projecting  through  the  rear  half,  N,  of  the  case,  Fig.  14.  De- 
livery gear,  G,  may  be  thrown  into  connection  with  any  one 
of  those  clutches  by  either  one  of  the  corresponding  clutches, 
5  or  6,  which  are  controlled  by  knob,  K,  The  case  of  the  gear 
box  may  be  rotated  upon  its  center  bearing,  O,  after  being  re- 
leased by  handle,  L,  in  order  to  bring  any  one  of  clutches,  H, 
into  line  with  either  5  or  6, 


The  purpose  of  the  two  clutches,  5  and  6,  is  for  reversal  of 
feeds;  when  6  is  thrown  in  and  drives  feed  gear,  T,  direct,  it 
delivers  motion  in  the  same  direction  in  which  gear,  C,  and 
the  spindle  of  the  lathe  are  rotating,  while  if  5  is  thrown  in 
clutch,  feed  gear,  T.  is  driven  in  an  opposite  direction  from 
that  of  the  lathe's  spindle,  the  reversal  of  motion  being  due  to 
the  pinion  on  shaft,  5,  driving  through  pinion,  G,  as  an  idler 
or  intermediate.  Thus  by  throwing  shaft,  5,  into  clutch,  which 
is  done  by  turning  knob,  K,  to  the  left,  the  carriage  of  the 
lathe  is  given  right-hand  travel,  while  throwing  in  clutch,  6, 
Ijy  turning  K  to  the  right  gives  the  carriage  left-hand  travel. 

The  proper  positions  of  the  case  for  clutching  the  various 
pinions  are  indicated  by  marks  upon  the  outer  edge,  which 
are  brought  around  to  pointer,  X,  for  clutch  5,  or  to  pointer, 
Y,  for  clutch  6.  The  jaw  clutches,  H-H,  and  on  5  and  6,  are 
of  steel  thoroughly  hardened  so  as  to  be  thrown  in  clutch  while 
the  lathe  is  in  motion  with  perfect  safety. 

As  may  be  noted  in  Fig.  15,  the  stud,  R,  was  located  eccen- 
trically upon  M  in  order  to  allow  the  larger  sizes  of  the  nine 
pinions,  E-E,  to  be  placed  all  at  one  side  of  the  common  gear, 
F,  and  thus  permit  of  a  smaller  case.  The  revolving  of  the 
case  for  bringing  any  of  the  clutches  into  line  for  connecting 
up  is  very  easily  accomplished  after  releasing  the  clamping 
lever,  L.  by  using  the  hub  of  gear,  D,  as  a  handle,  while  the 
proper  clutch  to  use  for  any  particular  thread  to  be  cut  on 
the  lathe  is  indicated  by  the  table  of  gear  combinations  located 
on  the  frame  beside  knob,  K,  For  the  entire  range  of  thread 
cutting  it  is  only  necessary  to  change  gear,  D,  on  the  front  of 
the  box.  twice,  all  other  necessary  changes  being  made  by 
rotating  the  gear  casing  and  operating  the  clutches.  The 
drive  is  always  through  only  two  gears  in  the  casing,  and  the 
common  intermediate,  which  has  its  bearing  on  the  long  hub, 
O,   within  the  casing. 

For  general  purposes  the  thirty  regular  changes  possible  are 
sufficient.  On  the  No.  4  attachment  they  cover  the  following 
threads  per  inch:  4.  5,  6,  7,  8,  9,  10,  11,*  11%,  12,  13, 
14,  Ifi,  IS,  20,  22,  24,  26,  27,  28,  30,  32,  36,  40,  42, 
44,  46,  48,  52  and  56,  while  the  feeds  are  in  proportion. 
This  range  is  obtained  by  driving,  if  the  lathe  has  four  threads 
per  inch  on  the  lead  sc^w,  from  a  36-tooth  gear  on  the  spindle 
or  stud  to  a  48-tooth  ^ear  on  the  lead  screw.  If  a  24-tooth 
gear  is  substituted  on  the  screw,  one-half  the  index,  or  from 
2  to  28  threads  per  inch,  can  be  cut,  and  coarser  feeds  obtained. 
The  contrary  is  also  true,  of  course,  and  by  making  the  reduc- 
tion in  the  size  of  the  driving  gear  the  series  will  comprise  a 
range  of  finer  threads  and  feeds.  This  may  be  carried  out  in- 
definitely. Gears  of  other  proportions  are  used  accordingly  as 
the  number  of  threads  per  Inch  on  the  lead  screw  may  vary; 
as,  for  instance,  for  metric  threads  a  50-127  pair  of  gears  is 
used. 

The  following  table  gives  the  gears  to  be  used  in  driving  for 
the  different  sizes  of  feeding  attachments.  Other  gears  with 
the  same  ratios  may,  of  course,  be  used: 


Size  of 
Attachment. 


Spindle  or         Screw  Pitch  of 

Stud  (-iear.         Gear.  Screw. 


No.  3 


•{ 


No.  i. 


No,  5. 


24 
30 
36 

24 
30 
36 

48 
6U 

72 


54 
54 
54 

48 

48 
48 

48 
48 
48 


Fig.  16  is  an  illustration  of  the  Schellenbach  feeding  attach- 
ment applied  to  an  engine  lathe  made  by  the  Bradford  Ma- 
chine Tool  Company,  of  Cincinnati,  Ohio.  This  device  is  un- 
questionably a  very  valuable  one  and  has  proven  very  service- 
able, being  applicable,  as  it  is,  to  any  lathe.  It  is  of  very  com- 
pact design  and  is  easily  handled.  It  will  be  of  inestimable 
value  in  the  great  task  of  displacing  the  old  method  of  belt 
feeding,  with   its  many  objectionable  features. 
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FIG.      13. GENERAL     VIEW     OF     THE     SCHELLBNBACH 

FEEDING     ATTACHMENT. 


FIG.       14. REAR      VIEW      OF     FEEDING      ATTACHMENT, 

SHOWING     .SUPPORTING     PLATE. 


FIG.     15. INTERNAL    VIEW     OF    Ff;i;i1!NG     ATTACHMENT.     SHOWING   ARRANGEMENT    OF    THE    COMMON     INTERMEDIATE     GEAR    AND    MULTI-SPEED    PINIONS. 


FIG.    16. VTEV'   OF   THE   FEEDING    ATTACHMENT    MOUNTED    UPON    AN    ENGINE    LATHE    OF    THE    BRADFORD    MACHINE    TOOL    CO. 

MACHINE  TOOL  PROGRESS.— SCHBLLENBACH   FEEOI.XG  ATTACHMENT. 
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The  resignation  of  Colonel  Prout  after  sixteen  years  as 
editor-in-chief  of  the  Railroad  Gazette  is  a  distinct  loss  to  the 
profession  of  technical  journalism.  To  the  Westinghouse 
interests,  whose  service  he  enters  as  vice-president  and  gen- 
eral manager  of  the  Union  Switch  and  Signal  Company,  there 
is  a  corresponding  gain,  and  thus  another  general  officer  with 
an  international  reputation  is  secured  to  the  staff  presided 
over  by  Mr.  George  Westinghouse,  again  testifying  to  his 
ability  to  surround  himself  with  the  ablest  men.  Colonel 
Prout  combines  natural  ability,  attractive  and  polished  per- 
sonal traits,  general  information  and  a  broad  minded  man- 
ner of  dealing  with  large  questions,  in  a  way  which  has 
brought  him  distinction  as  an  engineer,  both  at  home  and 
abroad,  honor  as  a  man  and  a  position  of  great  respect  and 
powerful  influence  as  an  editor.  His  experience  includes  ser- 
vice in  the  Civil  War,  education  as  an  engineer,  commissions 
of  responsibility  in  the  Soudan,  where  he  was  an  assistant 
and  associate  of  General  Gordon,  commercial  business  in  New 
York  and  his  long  and  successful  editorial  charge  of  the 
Railroad  Gazette.  His  name  takes  a  worthy  place  with  those 
of  Messrs.  Dunning,  Forney  and  Wellington.  He  has  effect- 
ively employed  his  ability  to  write  and  to  speak  in  public 
and  has  placed  his  high  professional  and  personal  ideals  be- 
fore many  bodies  of  men  and  engineering  students  through 
his  lectures  and  addresses  as  well  as  his  writings.  He  has 
served  as  an  educator  to  prospective  engineers  in  the  problem 
of  facing  the  world  and  has  furnished  them  an  inspiring  exam- 
ple. He  has  also  been  prominent  in  the  most  important  work 
of  the  American  Society  of  Civil  Engineers.  His  hosts  of 
friends  cannot  wish  him  more  success  in  the  future  than  has 
always  attended  him.  It  is  regretted  that  Colonel  Prout  re- 
tires from  the  leading  position  in  this  profession,  the  standard 
and  dignity  of  which  he  has  done  so  much  to  improve. 


THE    MATTER    OF    MOTIVE    POWER    SALARIES. 


If  all  of  the  motive  power  superintendents  in  the  country 
should  resign  simultaneously  to-day  the  managements  of  the 
railroads  would  have  at  least  three  surprises. 

The  motive  power  department  would  be  discovered  to  be 
most  important  and  most  neglected,  from  a  business  point 
of  view. 

It  would  be  found  impossible  to  secure  the  right  men  to 
fill  the  positions  immediately,  as  these  men  are  not  in  training. 

The  heads  of  these  departments  would  be  in  demand  among 
industrial  establishments  at  from  two  to,  three  times  their 
present  salaries. 

It  would  be  a  blessing  to  the  railroads  to  have  this  very 
thing  happen.  It  would  reveal  a  state  of  weakness  which 
the  real  owners  of  the  properties  need  to  understand.  They 
need  to  know  that  most  railroads  do  not  for  a  moment  consider 
promotion  from  the  staff  to  fill  the  position  of  the  chief; 
that  these  officers  are  not  as  a  rule  encouraged  to  pursue  a 
business  policy  in  their  departments  and  that  the  position  of 
superintendent  of  motive  power  demands  a  grade  of  ability 
and  a  fund  of  experience  which  are  sought  for  and  paid  for 
appropriately  by  the  "captains  of  industry." 

How  simple  are  the  specifications  for  the  men  who  would 
be  so  greatly  needed!  They  must  be  masters  of  men  and  thor- 
ough students  of  the  labor  problem.  They  must  be  able  engi- 
neers. They  must  be  business  men.  They  must  be  organizers 
of  campaigns  far  more  complicated  and  more  difficult  than 
those  which  have  won  the  praise  of  nations  for  military 
successes. 

Granting  that  every  motive  power  department  has  such  a 
man  at  its  bead  to-day — what  about  the  future?    What  is  there 
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about  the  present  situation  to  attract  and  stimulate  the  ambi- 
tion of  the  best  meclianical  talent  of  the  times  to  prepare  for 
these  responsibilities  and  truly  great  opportunities?  These 
questions  need  attention,  and  they  need  it  now. 

Because  of  its  source  and  its  clear  expression  the  following 
letter  to  the  editor  from  a  successful  superintendent  of  motive 
power,  now  retired  from  railroad  service,  is  presented  here,  and 
it  needs  no  comment: 

"I  have  been  quite  impressed  by  the  article  on  the  edi- 
torial page  of  your  January  number,  on  the  subject  of  inade- 
quate pay  of  motive  power  officers  in  the  United  States.  I 
think  you  state  the  proposition  fairly,  and  it  exactly  fits  the 
conditions  which  many  have  experienced  in  this  line  of  work. 
I  venture  to  state  that  many  a  mechanical  officer  in  his  reflec- 
tions upon  the  'state  of  things'  has  seen  pictured  in  his  mind, 
'He  who  enters  here  leaves  all  hope  behind.'  If  not  in  exact 
phrase,  he  has  seen  it  at  least  in  substance. 

"I  remember,  a  good  many  years  ago,  while  hanging  over 
a  drawing  board,  of  being  advised  by  my  professor  to  the 
effect  that  if  I  did  that  work  well  to  be  sure  to  let  no  one 
know  it,  as  I  would  certainly  be  kept  at  it.  I  feel  that  the 
mechanical  department  has  been  'kept  at  it'  so  long  as  a  result 
of  the  present  system  that  there  is  a  great  dearth  of  suitable 
men  to  fill  the  positions  now  being  offered. 

"Many  a  chief  clerk  in  the  mechanical  department  has  gone 
around  and  up,  due  to  the  needs  of  some  other  department, 
while  the  'boss'  is  pulling,  discontentedly,  at  the  end  of 
his  rope.  It  would  seem  almost  a  waste  of  money  for  a 
young  man  to  attempt  to  fit  himself  for  a  mechanical  position 
on  some  of  the  American  railroads,  as  he  could  do  just  as  well 
in  some  other  department,  given  the  same  amount  of  sense, 
without  going  through  a  technical  school. 

"The  mechanical  officers  have  done  well,  as  the  shops  and 
equipment  show  in  many  cases,  when  we  consider  how  subor- 
dinate the  department  is  on  some  lines.  I  know  of  a  recent 
case  where  a  motive  power  superintendency  on  a  road  having 
about  700  engines  was  offered  at  $5,000,  and  possibly  'might' 
pay  $6,000  per  year.  The  position  is  a  hard  one,  labor  con- 
ditions most  difficult  and  the  intelligent  advice  needed  for 
dependent  lines  an  indefinite  quantity.  I  believe,  however, 
no  mention  was  made  in  this  case  of  a  'tenor  voice'  among 
the  requisites.     What  a  prize  to  drawl 

"As  you  have  said,  '  the  gates  to  higher  positions  must  be 
thrown  open.'  This  will  not  be  done  by  those  most  imme- 
diately superior  to  the  mechanical  department  by  relinquish- 
ing voluntarily  the  authority  which  they  have  so  long  enjoyed. 
It  must  come  from  the  top  and  the  mechanical  department 
must  be  brought  into  'close  haitnony'  with  the  highest  officials 
and  recognized  as  a  necessary  and  prime  part  of  the  organi- 
zation instead  of  a  nuisance  of  secondary  importance — to 
be  just  tolerated.  I  know  of  railroads  on  which  the  effort  to 
Iveep  the  mechanical  department  in  the  background  is  not 
often  lost  sight  of  and  would  be  almost  comical,  if  it  were  not 
for  the  uncomfortable  position  which  the  department  occupies. 

"I  remember,  some  years  ago,  meeting  Mr.  Worsdell,  me- 
chanical superintendent  of  the  North  Eastern  Railway,  in 
York,  England.  He  said  that  he  would  be  pleased  to  be  of 
service  to  me  as  soon  as  a  certain  meeting  of  the  directors 
which  he  was  in  Yoriv  to  attend  was  over.  While  I  do  not 
suppose  such  a  condition  as  motive  power  officials  being 
asked  to  meet  the  board  of  directors  is  likely  to  become  com- 
mon in  the  United  States,  nevertheless  this  incident  speaks 
volumes  as  to  what  the  relation  between  the  mechanical  and 
the  other  departments  should  be. 

"It  cannot  be  contended  that  all  mechanical  departments 
are  properly  run  or  that  every  man  who  happens  to  be  head 
of  a  mechanical  department  is  a  genius,  but  the  mechanical 
department  is  a  vital  element  in  railroad  organization  and 
should  be  so  recognized.  A  competent  and  trusted  man  with 
sufficient  compensation  should  be  put  at  its  head,  one  who 
Will  not  look  upon  the  future  as  hopeless  oe  account  of  the 


existence  of  a  bar  to  his  advancement.  Some  railroads  have 
done  this.  I  hope  more  will  follow.  I  feel  that  I  may  speak 
to  you  on  this  subject,  as  I  am  not  a  candidate  for  the  good 
things  which  may  open  to  the  mechanical  department — 'some 
day'." 


With  cars  a<cumu!ating  upon  so  many  sidetracks  for  want 
of  locomotives  to  move  them,  the  suggestion  of  Mr.  Herbert  T. 
llcrr  in  his  article  on  page  83  of  this  number  is  opportune. 
If  the  only  recognition  of  the  time  element  in  freight  service, 
so  far  as  the  crews  are  concerned,  is  the  payment  of  "over- 
time," there  is  not  only  no  incentive  for  prompt  and  efficient 
work,  but  rather  a  premium  upon  the  opposite  of  these. 

Mr.  Herr  suggests  placing  a  premium  upon  acceleration  of 
train  movements  and  in  a  way  which  seems  likely  to  bring  out 
a  concerted  effort  of  enginemen,  trainmen  and  dispatchers  to 
accomplish  it.  Train  service  is  a  complicated  one,  involving 
many  elements  and  presenting  many  difficulties  in  the  way  of 
a  general  inii)rovement  like  this  one,  but  the  proposed  method 
seems  worthy  not  only  of  discussion  but  of  actual  trial.  It 
will,  of  course,  be  necessary  to  pay  overtime  for  delayed  crews, 
but  there  seems  to  be  no  objection  to  paying  an  equal  or  a 
higher  premium  for  getting  in  on  time.  It  is  reasonable  to 
suppose  that  such  a  plan  would  result  in  a  large  reduction  in 
the  time  lost  by  a  few  minutes  here  and  there,  which  amounts 
to  many  hours  in  the  course  of  a  month  and  on  a  long  division. 

This  suggestion  involves  the  principle  of  "piecework"  in 
securing  the  maximum  output  of  machinery.  It  would  un- 
doubtedly have  the  same  effect  on  the  road  as  in  the  shop,  and 
its  application  to  train  service  cannot  be  more  difficult  than 
in  building  or  repairing  locomotives  and  care.  It  would  seem 
to  be  much  easier  to  apply  to  trains.  It  will  be  interesting  to 
know  what  the  readers  think  of  this. 


The  voluntary  loyal  support  of  workmen  is  needed  in  order 
to  secure  the  desired  results  from  them.  This  cannot  be  had 
in  any  shop  unless  a  tradition  of  fair  treatment  exists,  and 
neither  piece-work  nor  anything  like  it  can  succeed  in  the 
absence  of  such  a  tradition.  The  unwritten  law  of  business 
must  begin  at  the  top.  "One-man  power"  of  the  right  sort 
will  accomplish  this  result.  Mr.  J.  F.  Deems  has  said:  "I 
believe  the  power  that  succeeds  is  the  one-man  power  where 
the  one  man,  by  his  example,  by  his  tact,  by  his  judgment, 
by  his  sense  of  justice  and  right,  by  his  love  for  his  fellow 
men  and  of  the  business  he  is  engaged  in,  by  his  enthusiasm 
and  personal  magnetism,  controls  and  leads  the  hundreds 
and  thousands  of  other  men  without  their  knowing  it." 

The  question  is.  How  can  men  be  brought  into  the  frame 
of  mind  which  makes  them  a  part  of  the  company  instead  of 
being  mere  servants? 


A  division  superintendent  was  complaining  about  the  delay 
to  through  freight  trains  in  a  yard  for  inspection.  This  sug- 
gested to  the  superintendent  of  motive  power  the  possibility 
that  the  inspection  at  that  point  was  unnecessarily  rigid,  and 
it  was  decided  to  have  the  trains  looked  over  for  safety  on  ar- 
rival and  the  brakes  set  by  the  engine  hauling  the  train  into 
the  yard.  If  the  next  engine,  when  coupled  on  to  haul  the 
train  out  on  its  further  journey,  is  able  to  release  all  the 
brakes  the  train  proceeds  at  once.  Cars  which  will  not  release 
have  their  brakes  cut  out  and  are  carded,  but  the  train  goes 
on  and  such  cars  are  set  out  for  repairs  at  the  first  conven- 
ient point.     This  works  well  and  saves  a  lot  of  time. 


The  importance  of  counteracting  the  momentum  of  rapidly 
moving  parts  of  reciprocating  machine  tools  is  only  beginning 
to  be  realized.  Considerable  attention  was  given  to  this  at 
the  Collinwood  shops,  several  of  the  motor-driven  planers, 
shapers  and  slotters  having  been  equipped  with  flywheels  to 
overcome  the  inertia  effects  in  reversing.  Thts  is  discussed  on 
pages  102-103. 
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INDIVIDUALLY   DRIVEN   MACHINE   TOOLS. 


A   NEW   APPLICATION  OF     THE  PRINCIPLE  OF   MOMENTUM   IN   DRIVINI, 
BECIPEOCATING    TOOLS. 


One  of  the  most  difficult  problems  met  in  the  applications  of 
motors  for  the  individual  driving  of  the  machine  tools  at  the 
Collinwood  shops  was  that  involved  in  the  driving  of  recipro- 
cating machines,  such  as  planers,  slotters  and  shapers.  Most 
of  such  tools  are  provided  with  quick  return  motions  of  the 
table  or  ram,  and  it  is  a  well-known  fact  that  such  reversals. 


to  drive  direct,  by  a  15-h.p.  Crocker-Wheeler  multiple  voltage 
motor,  a  36-in.  planer  which  was  geared  up  for  a  cutting  speed 
of  30-ft.  per  min.  and  a  reversal  speed  of  75-ft.  per  min.  Power 
input  tests  showed  that  the  average  power  required  for  the 
cutting  stroke  was  only  8-h.p,  while  at  the  instant  of  reversal 
an  extreme  demand  for  current  was  made  amounting  to  over 
40-h.p. — a  momentary  overload  of  250  per  cent.;  a  reduction  of 
the  platen  speeds  of  the  machine  by  one-half,  from  30  and  75 
ft.  per  min.  down  to  15  and  37%  ft.  per  min.  resulted  in  bring- 
ing the  overloading  down  more  than  one-half,  within  the  over- 
load limit  of  the  motor.  These  figures  show  very  plainly  that  it 
is  not  the  quick  return  motion  of  the  table  that  causes  the  extra 
demand  for  power,  but  rather  that  the  surge  of  power  is  re- 
quired in  overcoming  the  inertia  of  the  moving  parts  in  for- 
ward motion,  including  the  platen  and  the  rapidly  revolving 
pulleys,  for  the  reversal. 

It  is  the  opinion  of  a  great  many  that  this  heavy  inertia 
effect  originates  in  the  rapidly  moving  pulleys  used   in  con- 
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in  all  cases,  bring  very  heavy  instantaneous  demands  for 
power.  Upon  tools  of  this  type  this  results  in  bringing,  at  inter- 
vals, heavy  surges  of  current  into  the  motor — in  fact,  so  heavy 
that  the  overload-release  circuit-breaker  protecting  the  motor 
must  necessarily  be  set  for  a  current  several  times  greater 
than  that  normally  required. 

Actual  power  input  tests  that  have  been  made  upon  motor- 
driven  planers  have  shown  that  a  Niles  10-ft.  x  10-ft.  x  20-ft. 
planer,  machining  cast  iron  with  three  cutting  tools  and  re- 
quiring 26-h.p.  at  the  motor  on  the  cutting  stroke,  brought  a 
demand  for  43-h.p  at  the  instant  of  reversal,  while  only  24-h.p. 
were  required  for  the  balance  of  the  quick  return  stroke  at  a 
speed  of  three  times  that  of  the  forward  stroke.  An  8-ft.  x 
8-ft.  X  20-ft.  Pond  motor-driven  planer,  which  required  15-h.p. 
on  the  cutting  stroke  while  machining  cast  iron,  demanded  a 
surge  of  current  amounting  to  29  h.  p.  at  the  instant  of  reversal 
of  the  platen,  while  the  remainder  of  the  3  to  1  quick  return 
strolve  was  made  with  only  14-h.p. 

An  extreme  case  of  this  kind  was  developed  at  the  works  of 
the  William  R.  Trigg  Company,  Richmond,  Va.,  in  an  attempt 


nection  with  the  reversing  mechanism  rather  than  in  the 
movement  of  the  planer's  platen,  so  that  if  the  pulleys  used 
in  the  drive  be  made  as  light  as  possible  and  a  heavy  fly-wheel 
be  used  on  the  motor's  shaft  the  inertia  will  be  reduced  some- 
what and  partially  prevented  from  taking  effect  upon  the  motor. 
Experiments  made  in  this  direction  show  that  a  decided  gain 
is  effected  by  such  an  application  of  a  fly-wheel  to  the  motor's 
shaft,  so  as  to  assist  with  its  stored  energy  of  rotation  in 
supplying  the  demand  made  for  power  at  the  instant  of 
reversal.  On  a  60  x  60-in.  x  12-ft.  Pond  motor-driven  planer 
it  was  found  that,  by  mounting  a  42-in.,  1500-lb.  fly-wheel  on  the 
motor's  shaft  whicn  ran  at  400  rev.  per  min.,  the  power  de- 
manded at  the  instant  of  reversal  of  the  platen  was  only  2-h.p. 
greater  than  that  required  for  the  quick  return,  which  was 
14-h.p.,  the  power  required  during  the  cutting  stroke  being 
10-h.p.  In  another  case  a  30-in.  fly-wheel,  weighing  500  lbs., 
was  applied  to  the  shaft  of  a  motor  which  ran  at  800  rev.  per 
min.,  driving  a  28  x  32-in.  x  6-ft.  Gray  planer,  and  the  power 
demanded  at  the  instant  of  reversal  of  the  platen  was  found  to 
be   only   4.5-h.p.,    the   power   required   for   the   cutting   stroke 
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being  3.2-h.p.  and  that  for  the  quick  return  stroke  being 
3.9-h.p.  Also  a  fly-wheel  has  been  applied  to  the  motor  driving 
the  above-mentioned  3(i-in.  planer  at  the  Trigg  Company's 
shops  with  equally  successful  results  for  the  reversals. 

In  the  Collinwood  shops  installation  the  question  of  fly 
wheels  received  particular  attention,  several  of  the  reciprocat- 
ing machines  being  equipped  with  fly-wheels  at  the  motors,  and 
several  machines  of  this  type  have  been  thus  equipped  since 
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their  installation.  On  page  102  is  an  Illustration  of  the  24-ln. 
Niles  geared  slotting  machine  which  has  a  fly-wheel  as  an 
auxiliary  to  the  motor.  The  detail  view  at  the  right  gives  an 
idea  of  the  method  of  applying  the  fly-wheel;  it  Is  mounted 
upon  a  shaft  which  is  driven  by  the  motor  through  a  reduction 
gearing,  the  latter  shaft  serving  as  the  urive  for  the  ma- 
chine. The  application  of  this  wheel  presented  no  Interfer- 
ence with  the  regular  drive  of  the  machine  inasmuch  as  the 

fly-wheel  is  used  as  the 
belt  wheel  forthe  quick  re- 
turn motion  of  the  ram. 

One  of  the  most  interest- 
ing of  the  fly-wheel  drives 
Is  that  on  the  26-ln.  triple- 
geared  shaper,  shown  here- 
with, which  was  built  and 
equiijped  with  the  fly-wheel 
drive  by  the  Cincinnati 
Shaper  Company,  Cincin- 
nati, Ohio.  The  motor, 
which  is  of  the  back-geared 
type,  is  mounted  on  an  ex- 
tension of  the  machine's 
bed,  the  drive  being  by  the 
usual  shifting  bells  direct 
to  the  driving  pulleys.  A 
heavy  fly-wheel  is  mounted 
direct  upon  the  extended 
armature  shaft  and  is  util- 
ized as  the  belt  wheel  for 
the  quick  return  motion, 
while  the  forward  motion 
for  the  cutting  stroke  is 
obtained  through  the  single 
reduction  gearing.  This 
method  is  simple  and 
avoids  any  mechanism 
other  than  would  be  re- 
qiired  for  a  countershaft 
and  belt  drive — indeed  it  is  difficult  to  imagine  a  more  direct 
method  of  accomplishing  the  result  desired  in  this  case. 

The  engraving  at  the  left  presents  a  view  of  the  3C-in.  Pond 
planer  which  was  formerly  driven  from  the  motor  through  an 
ordinary  spoked  belt  wheel,  but  has  since  been  equipped  for 
the  fly-wheel  effect  by  the  bolting  in  of  circular-shaped  weights 
within  the  rim  on  each  side  of  the  spokes.  In  this  manner  the 
desired  result  was  accomplished  without  disturbance  to  the 
machine.  The  54-in.  Pond  motor-driven  planer,  illustrated  in 
the  lower  view  upon  page  104  presents  another  example  of 
the  fly-wheel  driven  reciprocating  tool.  In  both  of  the  latter 
planer  cases  the  fly-wheel  is  not  mounted  upon  the  shaft  of 
the  motor,  but  upon  an  intermediate  shaft  which  is  driven 
fiom  the  motor  through  reduction  gearing. 

THE    MACHINE   TOOLS. 

The  accompanying  illustrations  of  the  machine  tools  present 
further  representative  examples  of  the  motor-driving  equip- 
ments installed  at  Collinwood.  in  addition  to  those  illustrated 
in  the  preceding  article  of  this  series.  The  motor  mounting  is 
shown  on  all  of  the  machines,  but  in  many  cases  it  was  found 
impossible  to  so  choose  the  views  as  to  show  the  electrical 
controlling  apparatus,  on  account  of  their  being  located  on 
opposite  sides  of  the  tool. 

The  slotting  machine  illustrated  on  page  102  is  the  24-in. 
geared  Blotter  (tool  No.  19)  made  by  the  Niles  Tool  Works 
Company,  and  is  driven  by  a  71,^-h.p.  Crocker-Wheeler  multiple- 
voltage  motor.  The  motor  mounting  is  independent  of  the 
tool,  being  located  upon  a  separate  base  upon  the  floor,  and  the 
controlling  switches,  starter,  etc.,  are  conveniently  located  for 
the  operator  on  the  opposite  side  of  the  tool.    This  Blotter  is 
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geared  for  heavy  forge  work,  the  ram  being  driven  by  rack  and 
pinion,  with  tangent  gearing  at  the  side.  The  circular  table  is 
50  ins.  in  diameter  and  has  -40  ins.  longitudinal  feed  and  36  ins. 
cross  feed,  the  feeds  always  taking  place  at  the  top  of  the  ram's 
stroke. 

The  motor-driven  shaper  illustrated  on  page  103  is  a  26-in. 
triple-geared  shaper  of  the  rack  type  (tool  No.  82)  made  by  the 
Cincinnati  Shaper  Company,  Cincinnati,  Ohio,  the  motor  used 
for  driving  it  being  a  3-h.p.  constant-speed  Crocker-Wheeler 
motor.  As  regularly  built  for  belt  drive,  the  pulleys  for  the 
forward  and  return  motions  of  the  ram  are  placed  on  the  front 
side  of  machine;    but  in  order  to  have  the  same  relative  pulley 


speeds  with  motor  drive  as  given  by  belts,  the  pulley  for  the 
reverse  or  backing  motion  of  ram  is  placed  on  front  side  of  the 
machine,  and  is  driven  directly  from  the  fly-wheel  on  the  arma- 
ture shaft,  and  the  pulley  for  the  cutting  or  forward  motion 
of  the  ram  is  placed  at  the  back  and  is  driven  by  a  pulley  on  a 
back  shaft,  the  bearings  for  which  are  bolted  to  the  motor 
frame.  The  gear  on  the  back  shaft  runs  in  mesh  with  a  rawhide 
pinion  attached  to  the  armature  shaft,  the  ratio  between  the 
gears  and  the  driving  pulleys  being  such  as  to  give  the  proper 
relation  between  the  cutting  and  reverse  speeds  of  the  ram. 
The  design  of  this  shaper  involves  many  interesting  features. 
The  head  swivels  to  any  angle,  being  graduated,  and  is  pro- 
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vided  with  an  automatic  down-feed,  tlie  screw  for  which  is 
provided  with  a  graduated  collar  reading  to  .001  in.  The  vise 
is  of  a  special  design  in  which  the  fixed  jaw  extends  down 
to  a  scraped  bearing  on  the  table,  thus  providing  an  unusually 
large  footing.  Ball  bearings  are  used  under  the  elevating 
screw  for  the  rail,  and  also  the  length  of  the  stroke  is  very 
easily  changed   while  the  machine  is  in   motion. 

The  3(l-in.  planer  (tool  No.  17)  illustrated  on  page  103,  as 
well  as  the  54-in.  planer  (tool  No.  15)  shown  on  page  104,  are 
motor-driven  planers  built  by  the  Pond  Machine  Tool  Com- 
pany, the  former  driven  by  a  7%-h.p.  multiple-voltage,  and  the 
latter  by  a  20-h.p.  constant-speed  Crocker-Wheeler  motor.  The 
table  of  the  latter  planer  is  driven  by  a  train  of  cut  gearing 
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from  the  motor,  located  at  one  end  of  the  bed,  to  the  longi- 
tudinal splined  shaft,  which  delivers  to  the  two  movable  heads. 
These  heads  are  thus  independently  driven,  and  they  have 
independent  variable-speed  feeds,  as  well  as  hand,  and  rapid 
l)ower,  movements  along  the  bed  in  either  direction.  This 
machine  has  a  length  of  stroke  of  21  ins.,  and  a  distance  be- 
tween housings  of  44-;i  ins.,  with  a  height  under  housings  of 
2.S  ins. 

The  60-in.  Niles  horizontal  boring  and  drilling  machine 
(tool  No.  18)  illustrated  on  this  page  presents  a  splendid  ex- 
ample of  a  motor  application  for  the  drive.  The  motor,  which 
is  a  5-h.p.  multiple-voltage  Crocker-Wheeler  motor,  is  mounted 
upon  a  bracket  bolted  to  the  front  side  of  the  frame.  The 
drive  is  through  a  double  reduction  of  gearing  which  is  ar- 
ranged for  two  changes  of  speed  by  slip  gears;  these  speed 
changes,  together  with  the  machine's  back  gear  attachment 
and  also  the  multiple-voltage  system  at  the  motor,  provides  a 
wide  range  of  speeds.  The  spindle  of  this  tool  has  a  54-in. 
traverse  of  two  settings,  the  maximum  distance  from  the  cen- 
ter of  spindle  to  the  cross  table  being  23  ins.  and  to  the  long 
table  30  ins.  This  type  of  machine  furnishes  the  best  known 
means  of  quickly  and  accurately  boring  a  number  of  parallel 
holes  in  work  without  loosening  the  clamp-bolts  from  the  table. 

The  gap  lathe  illustrated  below  is  the  28-48-in.  exten- 
sion gap  lathe  (tool  No.  35)  built  by  Edwin  Harrington,  Son  & 
Co.,  Philadelphia,  Pa.,  and  is  driven  by  a  7Vi-h.p.  multiple- 
voltage  Crocker-Wheeler  motor.  The  drive  is,  on  this  tool  as 
on  the  boring  machine,  through  two  reductions  of  gearing 
which  has  two  speed  changes  by  means  of  slip  gears;  in  this 
way  the  wide  range  of  speed  is  secured.  This  gap  lathe  has 
particular  advantages  for  the  repair  shop.  As  an  improvement 
on  the  ordinary  gap  lathe,  the  extension  feature  permits  mak- 
ing the  gap  wide  or  narrow  to  suit  the  work;  also  allows  turn- 
ing a  much  longer  shaft,  as  the  distance  between  centers  may 
be  doubled  by  extension  of  top  portion  of  bed.     With  ample 


J.S-I.NCII 4S-1.NCH    1-;.\TEN.SK)N     ^AV    LATHE. EDW.     HAI!KlNGTO.\,    SO.\    &    CO. 

DRIVEN    BY    A    7^-H.P.    MULTIPLE-VOLTAGE    CROCKER- WHEELER   MOTOR. 

COLLINWOOD   SHOPS. — LAKE   SHORE   ft   MICHIGAN    SOUTHERN    RAILWAY. 


and  rack  mounted  in  bearings  and  from  a  crossed  belt  for 
the  cutting  and  an  open  belt  for  the  return  motion  by  means 
of  a  shaft  driven  by  an  electric  motor  on  the  arch.  The  belt- 
shifter  guidete  one  belt  entirely  off  the  pulley  before  starting 
the  other  on.  permits  stopping  the  table  instantly  from  either 
side  without  stopping  the  belts,  and  is  arranged  to  clear  the 
reversing  dog,  allowing  the  work  to  be  run  from  under  the 
tool  for  inspection. 

The  upper  engraving  on  page  104  illustrates  the  double-head 
locomotive-frame  slotting  machine  (tool  No.  14),  built  by 
Bement,  Niles  &  Co.  This  tool  is  driven  by  a  20-h.p.  multiple- 
voltage  motor.     The  drive  is  a  direct-geared  reduction  drive 


power  to  turn  up  to  the  full  diameter  of  swing  over  lower  bed, 
it  has  capacity  for  a  wide  range  of  work  and  is  handy  to 
operate.  

Remarkable  progress  has  been  maae  in  the  development  of 
the  Cooper-Hewitt  electric  vapor  lamp.  The  most  recent  de- 
velopment is  the  discovery  of  an  application  of  this  vapor  tube 
principle  to  transforming  alternating  current  to  direct  cur- 
rent; when  alternating  current  is  passed  through  the  lamp  only 
one  polarity  of  the  wave  is  conducted  by  the  vapor,  thus  effect- 
ing a  rectification  from  which  a  continuous  flow  of  direct  cur- 
rent may  be  drawn. 
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FREIGHT 
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LOCOMOTIVES. 

0  TYPE. 


Chicago,  Rock  Island  &  Pacific  Railway. 


These  drawings  and  photograph  illustrate  an  order  of  135 
heavy  freight  locomotives  novif  being  built  for  this  road  at  the 
Brooks  Works  of  the  American  Locomotive  Company.  The 
weights  are  a  little  less  than  those  of  the  Burlington  engine, 
illustrated  last  month,  and  so  also  is  the  heating  surface.  The 
extent  of  the  order  and  the  fact  that  this  is  the  most  powerful 
engine  thus  far  used  on  the  Rock  Island  confirm  the  observa- 
tion made  last  mouth  to  the  effect  that  there  is  a  systematic 
tendency  toward  a  marked  but  gradual  increase  in  power  of 
freight  locomotives.  These  engines  form  a  part  of  an  order 
of  225  placed  last  year  by  this  road  with  the  American  Loco- 
motive Company. 

Among  the  details  the  valve  gear  and  frame  construction 
are  specially  interesting.  The  valves  are  of  the  inside  admis- 
sion type  and  the  clearances  are  unusually  small,  as  the  sec- 
tional engraving  shows.  This  drawing  also  illustrates  the 
direct  or  straight-line  construction  of  the  motion  bar  with 
reference  to  the  jaws  at  its  ends,  and  the  same  idea  is  carried 
out  in  the  crosshead  attachment  to  the  valve  stem.  The 
rocker  box  furnishes  a  long  bearing  for  the  rocker,  which  is  a 
substantial  steel  casting.  This  is  a  development  to  which 
special  attention  has  been  given  for  several  years  in  the  de- 
signs by  the  Brooks  Works. 

The  frames  are  in  a  single  piece,  with  no  splices,  and  they 
are  of  cast  steel,  5  ins.  wide.  These  works  have  taken  advan- 
tage of  the  fact  that  cast-steel  frames  are  easily  made  in  one 
piece.  At  their  front  ends  the  frames  stop  immediately  in 
front  of  the  cylinders,  where  they  are  bolted  to  a  large  steel 
casting  forming  the  front  deck  and  spindle  guide  in  one  piece. 
This  construction  is  shown  in  the  elevation  drawing  and  also 
in  the  detail  drawing  of  the  frames. 

RATIOS. 

Tractive  effort    39,000  lbs. 

Heating   surface   to   cylinder   volume 247.3 

Adhesive  weight  to  heating  surface 55.14 

Adhesive  weight  to  tractive  effort 4.61 

Tractive  effort  to  heating  surf  Me 11.94 

Heating  surface  to  grate  areaiff; 65.28 

Tractive  effort  X   diameter  of  drivers  to  heating  surface 752.2 

Heating  surface  to  tractive  effort 8.36% 

Total   weight   to   heating  surface 61.4 

FREIGHT  LOCOMOTIVE.    2 8 0    TYPE. 

Chicago,  Rock  Island  &  Pacific  Railway. 
General  Dimensions, 

Gauge   4   ft.  8V,   ins. 

Fuel Bituminous   coal 

Weight  in  working  order 200,500  lbs. 

Weight   on   drivers 180,000  lbs. 

Weight  engine  and  tender  in  working  order 345,000  lbs. 

Wheel   base,    driving    17  ft. 

Wheel   base,   rigid    17  ft. 

Wheel   base,   total    26  ft. 

Wheel  base,  total,  engine  and  tender 57  ft.  6  ins, 

^  Cylinders. 

Diameter  of  cylinders    22  ins. 

Stroke   of   piston    30  ins. 

Horizontal    thickness   of   piston 21  61-64  ins. 

Diameter  of  piston   rod 4  ins. 

Kind   of   piston-rod   packing U.  S. 

Size  of  steam  ports   2  ins.  x  29  ins. 

Size  of  exhaust  ports Area,  65  sq.  ins. 

Size  of  bridges    2  13-16  ins. 

Valves. 

Kind  of  valves    Improved  piston 

Greatest    travel    of   valves 5  13-16  ins. 

Outside  lap  of  valves 1  in. 

Inside   lap  of  valves 0  in. 

Lead  of  valves  in  full  gear — 3-32  in- 

Wheels,  Etc. 

Number  of  driving  wheels _.  .b 

Diameter  of  driving  wheels  outside  of  tire 63  ins. 

Material  of  driving  wheel  centers Cast   steel 

Thickness  of  tire   SVa  ins. 

Driving  box  material    Cast  steel 

Diameter  and    length  of  driving  journals: 

Main.  10  ins.  diameter  by  12  ins.  ;  others.  9  ins.  diameter  by  12  ins. 
Diameter  and  length  of  main  crankpin  journals.  .7  ins,  diameter  by  7  ins. 
Diameter  and  length  of  side-rod  crankpin  journals, 

7^2  ihs,  diameter  by  5  ins. 

Engine  truck,  kind   Radial  and  swing 

Engine  truck  journals 6  ins.  diameter  by  12  ins. 

Diameter  of  engine  truck  wheels 36  ins. 
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CAST    STEEL   TEAMES SHOWING   CONSTRDCTION    AT   FRONT    END   AND    ATTACHMENT   TO    SPINDLE   GUIDE    CASTING. 


DIAGRAM     or     VALVE     MOTION. THIS     ARRANGEMENT    GIVES     A     CLEARANCE     OP     6.84     PER     CENT,,     INCLTDING 

CYLINDER    CLEARANCE,    PORTS    AND    SPACE    AROUND    VALVE    AND    BUSHING. 


Boiler. 

style   Radial  stayed  and  extended  wagon  top 

Outside  diameter  of  fli'st  ring 72%  ins. 

Working  pressure 200  lbs. 

Thickness  of  plates  in  barrel  and  outside  of  firebox: 

%.  25-32,  13-16,  9-16,  V'.  %  in. 

Firebox,   length    flOS  ins 

Firebox,  width 68  ins. 

Firebox,  depth Front,  75%   ins. ;    back,  6i»,i   ins. 

Firebox  plates,  thickness: 

Sides,  %  ;    back,   %  ;    crown,   %  :    tube  sheet,   % 

Firebox,  water  space Front,  4  ins. ;    sides,  4  ins. ;    back.  4  ins. 

Firebox,   crown   staying 1  in. 

Firebox,  stay  bolts    1  in. 

Tubes,  number    3S3 

Tubes,    diameter    2  ins. 

Tubes,  length  over  tube  sheets 15  ft.  Q  ins. 

Heating   surface,    tubes    3,087  sq.  ft. 


Heating  surface,  firebox    177  sq.  ft. 

Heating  surface,  total    3.264  sq.  ft. 

Grate  surface 50  s^.  ft. 

Exhaust    pipes Single 

Exhaust  nozzles   5  %    ins.  diameter 

Smokestack,   inside  diameter    ".16% — 15   ins. 

Smokestack,  top  above  rail 15  ft.  7%   ins. 

Tender. 

Style    Eight   wheel 

Weight,   empty    57,220  lbs. 

Wheels,  number    8 

Wheels,  diameter    33  ins. 

Journals,  diameter  and  length S^A   ins.  diameter  bv  10  ins. 

Wheel    base    T "  .  .IS  ft. 

Tender  frame   13-in.   channel 

Water  capacity   7,000  U.  S.   gals. 

Coal  capacity   v 15  tons 
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INFLUENCE    OF    TIME    ELEMENT     ON    MECHANICAL 
AND    TRANSPORTATION    MATTERS.* 


To  the  Editors: 

We  should  not  pass  over  lightly  and  without  due  consideration 
any  suggestion  which  might  place  the  correct  interpretation  of 
mechanical  department  results  before  thase  interested  or  affected. 
It  is  only  a  slightly  lesser  duty  of  the  mechanical  department 
officials  to  see  that  the  result  of  their  operations  is  made  intelli- 
gible and  correct  in  substance  than  that  they  repair  properly  and 
at  a  reasonable  expense  the  cars  and  engines  in  their  charge.  Cer- 
tainly the  work  done  is  an  item  which  must  be  taken  into  account, 
and  any  clement  which  affects  the  work  done  is  a  proper  subject 
for  coasick-ration.  The  proper  presentation  of  reliable  statistics 
has  often  been  a  safeguard  against  the  unreasoning  prejudice  of 
jealous  or  unfriendly  officials.  Hence  we  should  be  alert  and 
should  oppose  comparisons  which  do  not  compare  and  statistics 
which  neglect,  without  reason,  important  elements  of  the  proposi- 
t  ion. 

1  must  confess  that  my  conversion  to  the  "tonnage  basis"  came 
as  a  matter  of  self-defense  rather  than  from  any  innate  desire  to 
try  what  I  then  thought  to  be  a  "new-fangled"  and  rather  un- 
necessary way  of  doing  things.  I  felt  quite  secure  on  the  loco- 
motive cost  per  mile  basis  so  long  as  It  was  satisfactorily  com- 
parable with  previous  years  and  our  lighter  iJower  avoided  any 
worry  about  our  neighbors'  results.  With  the  advent  of  heavier 
power  we  had  forcibly  presented  to  us  an  important  part  of  the 
proposition,  demonstrating  that  our  figures  did  not  give  favorable 
comparisons  with  those  made  by  us  for  previous  years.  It  is  safe 
to  say  that  it  did  not  take  long  to  convince  us  that  what  the  ma- 
chine actually  did  was   the  proper  mea.sure   of  efficiency. 

The  subject  of  tonnage  rating  has  been  before  the  Master  Me- 
chanics' Association  since  1898,  and  the  reports  are  really  good 
reading ;  not  so  much  when  considered  year  by  year  as  when 
taken  in  their  entirety  as  showing  the  development  of  what  has  at 
times  seemed  to  many  of  us  an  almost  hopeless,  if  not  needless, 
task.  The  earliest  report  shows  that  it  was  almost  impossible  to 
get  up  a  general  discussion  of  the  subject.  The  members  were 
apparently  awed  by  the  variable  elements  entering  into  the  projjosi- 
tion,  as  well  as  by  its  newness.  With  the  advent  of  IS'JU  there  was 
aroused  a  more  general  interest  in  the  subject  of  ton-mile  statistics, 
and  with  the  general  discussion  in  the  railway  clubs  and  mechanical 
papers,  and  with  possibly  some  inquiries  from  our  superior  officers 
on  the  subject,  the  problem  became  one  of  moment.  The  associa- 
tion almost  from  the  start  has  taken  the  position  that  "it  would  be 
difficult  to  produce  a  form  of  locomotive  statistics  that  would  show 
entirely  fair  comparisons  one  system  with  another."  Yet  the 
desire  for  comparison  is  extant  and  the  attempts  to  compare  go  on. 
Those  who  are  at  the  helm  still  desire  to  know  whether  we  do  as 
well  as  previously,  as  well  as  our  neighbors,  and  as  well  as  we 
should  do.  Out  of  this  condition  will  not  a  farther  development  of 
the  system  be  demanded'* 

The  world  of  finance  loves  statistics,  and  we  may  as  well  give  a 
small  boy  a  gun  and  a  cartridge  with  the  hope  that  he  will  not  try 
to  put  them  together  as  to  expect  that  those  who  own,  control  or 
invest  in  a  property  will  not  compare  statistics  at  hand,  either  for 
comfort,  advertisement,  or  whatever  may  suit  their  purpose.  If 
the  above  be  reasonable,  is  it  at  all  certain  that  a  declaration  of  the 
association  made  in  18'J'J  to  the  effect  that  we  can  afford  to  neglect 
the  element  of  time  in  our  statistics  will  be  allowed  to  stand'.? 
Will  not  the  development  of  the  s.vstem  finally  call  for  a  recog- 
nition of  all  the  variable  elements  which  may  vitally  affect  the 
service,  in  order  for  us,  so  far  as  possible,  to  place  figures  in  such 
shape  as  will  best  fit  comparison,  which  we  may  not  approve,  but 
which  ai-e  bound  to  be  made?  We  are,  I  feel,  quite  well  on  the 
way  to  the  use  of  the  tonnage  basis  for  passenger  service ;  and  it 
would  seem  to  me  that  a  committee  which  can  solve  the  problem  of 
the  switching  locomotive  and  allowance  in  the  tonnage  problem  may 
be  able  to  go  still  farther.  Certainly  the  matter  of  overtime  is 
looked  after  more  or  less  clo.sely  on  most  all  lines,  and  the  disposi- 
tion of  wages  paid  for  it  and  the  effect  on  general  results  in  specific 
cases  have  been  often  noted.  While  the  over  normal  time  element 
may  be  in  many  cases  a  negligible  quantity  on  account  of  its  small- 
ncss,  there  are  many  kinds  of  service  and  many  branches  on  the 
average  railroad  where  such  is  not  the  case.  It  would  seem  to  me 
it  is  pertinent  to  inquire  into  how  far  the  time  element  can  justly 

•See  article  on  this  subject  by  H.  T.  Herr  on  page  84. 


be  considered  or  neglected  in  railroad  service.  That  the  idea  has 
some  foundation  for  investigation  is  evidenced  by  the  fact  that 
there  is  a  Master  Mechanics'  Association  committee  on  the  cost  of 
running  high-speed  trains.  We  will  surely  have  to  take  the  time 
element  into  account  on  high-speed  trains  if  figured  on  a  tonnage 
basis.  However,  we  must  not  force  into  our  statistics  any  element 
which  may  mean  a  "sijlitting  of  hairs,"  and  I  hold  that  we  are 
benefited  by  having  in  our  statistics  only  such  elements  as  we  will, 
on  analysis,  see  we  should  be  able  to  explain  or  control. 

W.  A.  NETTLETON. 


TYPOGRAPHICAL  ERRORS. 


In  the  article  by  Mr.  Herr  in  the  seventh  line  from  the  bottom  in  the 
first  column  on  page  84,  for  "833,300  ton  miles"  read  "1,000,000  ton 
miles, "  and  in  the  next  Ime  below  for  "  but  little  more  than  halt "  read 
"  two  thirds." — Editor 


THE    DAVIS    COUNTERBALANCE. 


To  the  Editors  : 

Considerable  attention  has  recently  been  given  by  the  vario\is 
railroad  periodicals  to  the  "Davis  Counterbalance"  and  its  sup- 
posed virtues,  first  among  which  is  claimed  a  great  improvement  in 
the  distribution  of  the  ordinarj'  hammer  blow  and  the  consequent 
ease  of  riding  of  the  engine.  There  can  be  no  harm  in  inviting 
criticism  at  least  by  the  following  opinion : 

If,  on  the  attached  diagram,  we  let  A  represent  the  center  of 
gravity  of  one  counterweight  and  P.  the  center  of  gravity  of  the 
other  counterweight  of  the  Davis  counterbalance,  it  is  a  well  known 
fact  of  mechanics  that  the  common  center  of  gravity  of  these  two 
bodies  lies  at  the  middle  of  a  straight  line  which  connects  these 


THE    DAVIS    COUNTERBALANCE. 

two  centers  of  gravity,  or  at  a  point  marked  C,  which  is  on  the 
vertical  diameter  of  the  wheel  center.  It  therefore  follows  that  the 
real  effect  which  these  two  separated  counterbalances  produce  is 
exactly  equivalent  to  the  effect  which  would  be  produced  if  their 
combined  weight  could  be  collected  and  placed  at  the  point  marked 
C.  This  could  readily  be  done  by  disposing  of  the  counterbalance 
weight  A  and  B  and  putting  one  co\mterbalance  weight  equal  to 
their  combined  weight  at  the  point  C.  Now  it  is  plainly  evident 
that  this  is  nothing  more  nor  le.ss  than  going  back  to  the  original 
form  of  counterbalance  used  in  every  day  practice,  viz.,  one  large 
weight  of  any  form  whatever,  directly  opposite  to  the  crank  pin. 
It  therefore  makes  no  difference  in  what  way  any  number  of 
weights  may  be  symmetrically  distributed  around  the  rim  of  the 
wheel,  so  far  as  dividing  up  hammer  blows  or  anything  of  that 
kind  is  concerned ;  as  long  as  the  weights  are  grouped  symmetricall.v 
on  either  side  of  the  center  line  passing  through  the  crank  pin  and 
the  driving  axle,  the  resultant  effect  will  be  the  effect  of  their  com- 
bined weight  placed  at  the  intersection  of  this  center  line  and  a 
center  passing  through  their  common  center  of  gravity. 

As  the  value  of  a  counterbalance  weight  varies  directl.v  as  its 
distance  from  the  center  of  the  axle,  it  follows  that  the  Davis  form 
of  counterbalance  is  a  very  inefficient  one  because  the  common 
center  of  gravity  of  the  Davis  counterbalance  necessarily  lies  clase 
to  the  axle.  It  therefore  follows  that  a  great  deal  more  weight 
than  would  ordinarily  be  required  with  a  common  form  of  counter- 
balance is  necessary  in  order  to  get  the  same  effect  as  with  the 
common  form  of  counterbalance,  which  can  be  placed  out  close  to 
the  rim  of  the  wheel,  A.  II.  FETTEKS. 
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HEAVY    COMPOUND    FREIGHT    LOCOMOTIVE. 


2—8—2   (Mikado)   Type. 


ATCHISON,    TOPEKA    &    SANTA    FE    RAILWAY. 


Very  few  road  engines  with  a  weight  of  200,000  11)S.  on 
driving  wheels  are  running  in  regular  road  service.  On  page 
15  of  the  January  number  of  tliis  journal  this  design  for  the 


"Santa  Fe"  was  Illustrated  and  a  photograph  has  now  been 
reoeived  and  planed  before  our  readers.  This  weight  gives 
25,000  lbs.  per  driving  wheel,  which  is  raised  considerably  by 
the  traction  increase  in  starting.  This  is  a  noteworthy  design 
in  that  the  boiler  is  almost  exactly  lll<e  that  of  the  heaviest 
locomotive  ever  constructed.  (See  Amkrican  Enoinebb,  June, 
1902.)  The  photograph  shows  the  disposition  of  the  whistle, 
the  air  drums,  ;ind  also  gives  the  location  of  the  back-pressure 
brake. 


HEAVY   COMPOUND   FREIGHT   LOCO.MOTIVE — ATCHISON',    TOPEKA  &    SANTA  FE  RAILWAY. 

2 8 2     (MIKADO)     TYPE, 


MAGNETS  FOR  HANDLING   BOILER  PLATE. 


This  magnet  is  used  at  the  general  storehouse  of  the  Chi- 
cago &  Northwestern  Railway,  at  Chicago,  for  handling 
boiler  plate,  frogs  and  other  material  for  which  it  is  adapted. 
Its  construction  is  simple  and  it  is  svailable  for  use  wher- 
ever the  necessary  electric  current  may  be  had. 

In  preparing  the  engraving  sufficient  information  was  in- 
cluded on  the  drawing  to  explain  the  construction.  The  mag- 
net cores,  12  in  number,  are  of  soft  steel  and  5  x  3%  x  1  in. 
in  size.     Fifty-six  pounds  of  No.  17  D.  C.  C.  magnet  wire  was 
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ELECTEO-MAGNEI    FOR    HANDLING    BOILER    PLATE CHICAGO    &.    NOETHWEST- 

SBN  RAILWAY. 


used  on  12  tin  magnet  spools,  whlcn  are  well  insulated  with 
paper.  The  capacity  in  lifting  is  3,000  lbs.  with  a  220-volt 
current.  It  is  used  in  connection  with  an  air  hoist  and  a 
traveling  crane  in  the  storehouse  yard  and  will  lift  frogs, 
plate,  castings,  or  any  steel  or  iron  parts  presenting  favor- 
able surfaces.  A  simple  make-and-break  switch  is  used  to 
control  the  magnet.  We  are  indebted  to  Mr.  Robert  Quayle, 
superintendent  of  motive  power,  and  Mr.  G.  F.  Slaughter,  for- 
merly general  storekeeper,  for  this  drawing. 


LOCOMOTIVE    TESTING    PLANT    FOR    CORNELL. 


Cornell  University  is  to  have  a  locomotive-testing  plant,  for 
which  the  Baldwin  Locomotive  Works  will  donate  a  Vauclain 
four-cylinder  balanced  compound,  to  be  built  to  designs  yet  to 
be  decided  upon  by  Prof.  H.  Wade  Hibbard  and  the  builders. 
It  Is  probable  that  the  engine  will  be  the  4 — 4-0  type,  with  a 
boiler  designed  for  pressures  up  to  300  lbs.  per  square  inch. 
To  utilize  high  pressure  a  traction-increaser  device  will  be 
used  to  throw  the  entire  weight  upon  the  driving  wheels.  The 
plans  are  sufficiently  perfected  to  assure  a  well-designed  and 
completely  equipped  plant,  but  the  details  have  not  yet  been 
worked  out.  Cornell  University  and  Professor  Hibbard  are  to 
be  congratulated  upon  this  important  addition  to  the  labora- 
tory equipment  of  Sibley  College. 


It  is  to  be  regretted  that  the  use  of  water-softening  apparatus 
is  so  limited.  At  the  present  time  there  are  not  over  two 
hundred  plants  in  use  in  the  United  States,  and  these  are 
to  be  found  chiefly  in  manufacturing  plants.  The  number  of 
plants  in  use  on  the  railroads  of  this  country  does  not  exceed 
thirty-five,  which  represents  about  15,000,000  gallons  of  water 
daily.  At  present  no  road  has  enough  purifying  plants  to  rep- 
resent the  possibilities  of  purification.  If  but  one  of  the  sev- 
eral water  stations  on  a  division  is  equipped  with  a  plant,  its 
effect  on  boiler  repairs  does  not  appear  to  advantage,  because 
the  treated  water  is  mixed  in  the  tender  with  the  untreated 
water.  Only  when  entire  divisions  are  equipped,  or  at  ter- 
minal points,  where  switch  engines  use  the  water  exclusively, 
can  comparisons  be  made. — J.  B.  Greer,  before  Pittsburg  Rail- 
way Club. 
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A    REMARKABLE    MACHINING    PERFORMANCE    WITH 
A   MOTOR-DRIVEN    TOOL. 


An  interesting  machining  performance  was  recently  made 
■with  a  large  motor-driven  boring  mill  at  the  shops  of  the  Bul- 
lock Electric  Company  at  Cincinnati,  Ohio,  which  serves  to 
demonstrate  the  true  value  of  the  electrical  method  of  tool 
driving.  The  tool  in  use  was  a  12-foot  Niles  boring  mill, 
direct-driven  by  a  Bullock  standard  type  N  multiple-voltage 
motor,  rated  at  15  h.p.  at  a  speed  of  500  revolutions  per  min- 
ute. This  motor  is  located  within  the  protecting  boxing  shown 
at  the  left  of  the  frame  in  the  accompanying  illustration,  the 
motor  shown  on  top  of  the  frame  of  the  tool  being  used  exclu- 
sively for  adjusting  the  cross  rail. 

The  work  was  the  large  cast-iron  commutator  sleeve  shown 
on  the  table  of  the  machine,  of  which  there  were  several  for 
an  order  of  2,200-kw.  direct-current  generators  being  built  by 
the  Bullock  Company  for  the  Pittsburg  Reduction  Company. 


VIEW    OF    THE    BOEING    MILL    VSED    IN    TURNING    THE    COMMUTATOR    SLEEVES 
BULLOCK    ELECTRIC    MFG.    CO. 

The  castings  were  of  medium  hard  iron,  and  the  tool  steel 
used  was  the  Firth-Sterling  air-hardening  tool  steel.  Both 
heads  were  used,  one  tool  in  each,  the  table  revolving  for  a 
cutting  speed  of  60  ft.  per  minute.  The  depth  of  cut  at  either 
tool  varied  from  %  to  %  in.,  due  to  the  usual  Inequalities  of 
surface  of  castings,  and  the  feed  was  %  in.  at  each  tool, 
which  corresponds  to  a  feed  of  14  in.  per  revolution  of  the 
table  if  only  a  single  tool  were  used. 

Under  this  feed  the  metal  was  removed  at  the  rate  of 
1.200  lbs.  of  chips  per  hour.  Careful  measurements  were 
made  of  the  power  required  for  driving  the  machines  under 
these  conditions,  which  showed  the  gross  input  at  the 
motor,  measured  electrically,  to  be  Vi  h.p.  for  each  cubic  Inch 
of  metal  removed- — a  very  economical  performance.  The 
adaptability  of  the  multiple  voltage  system  cannot  be  better 
illustrated  than  by  this  operation;  with  the  controller  used 
on  this  machine,  giving  26  different  speeds,  it  was  extremely 
easy  to  satisfactorily  adjust  the  cutting  speed  to  the  capacity  of 
the  tool  steel  used,  as  a  result  of  which  this  high  cutting  rate 
was  obtained. 

Another  interesting  result  was  recently  shown  at  the  Bul- 
lock Company's  works  In  a  compariso'i  of  machining  oper- 
ations. A  power  input  test,  similar  to  the  above-de^cribec 
test  upon  the  boring  mill,  was  made  upon  a  motor-driven 
rotary  planer  which  was  being  operated  at  a  high  cutting 
rate  planing  cast  iron.     The  tool   was  a  Pond   rotary  planer 


with  a  50-in.  head  having  60  inserted  cutters,  aad  was 
driven  at  a  feed  of  %  in.  per  revolution  of  the  head,  which 
is  equivalent  to  a  feed  of  a  trifle  over  .01  in.  per  cutter.  The 
amount  of  metal  removed  at  this  cutting  rate  was  1,200  lbs. 
per  hour  (20  lbs.  per  minute).  Measurements  of  the  power 
required  to  drive  the  tool  showed  a  power  input  at  the  motor 
of  15  h.p.;  from  this  it  is  evident  that  with  20  lbs.  of  chips 
removed  per  minute  with  15  h.p.,  %  h.p.  is  required  per  pound 
of  metal  removed — an  expenditure  of  three  times  as  much 
power  as  was  required  upon  the  boring-mill  operation. 

While  the  actual  expenditure  of  power  per  cubic  inch  of 
metal  removed  is  of  minor  importance  as  compared  with  the 
time  required  for  an  operation  in  most  cases,  still  the  dis- 
crepancy in  power  required  by  the  rotary  planer  is  here  very 
significant.  It  illustrates  in  the  most  forcible  manner  possi- 
ble the  effect  of  the  multiple  inserted  cutter  tool:  with  each 
cutter  of  the  head  having  an  individual  feed  of  .01  in.  the 
metal  removed  is  very  finely  broken  up — almost  pulverized — 
while  with  the  boring  mill  using  only  two  cutting  tools  under 
very  heavy  feeds  the  metal  is  broken  up  into  chips  of  coarser 
size.  The  rotary  planer  operation  would  naturally  require 
more  power,  but  it  is  interesting  to  note  that  it  required  three 
times  as  much  power  as  the  boring  mill  operation  per  unit 
of  metal  removed  for  that  reason. 


Mr.  Alexander  C.  Humphreys  was  inaugurated  president  of 
the  Stevens  Institute  of  Technology  at  Hoboken  February  5, 
succeeding  the  late  president,  Henry  Morton,  who  held  the 
office  from  the  founding  of  the  institute  in  1870  until  his  death 
last  year.  President  Humphreys  was  born  in  Scotland  in 
1S51,  and  came  to  this  country  while  a  young  man.  After 
spending  a  number  of  years  in  business  and  rising  to  the  posi- 
tion of  secretary  of  the  Bayonne  and  Greenville  Gas  Light 
Company,  he  arranged  to  study  at  Stevens  Institute,  and  by 
employing  his  evenings  and  spare  time,  completed  his  course 
to  graduation  in  1881.  He  then  became  chief  engineer  of  the 
Pintsch  Lighting  Company  and  remained  until  1894,  when  he 
turned  his  attention  to  business  in  the  firm  of  Humphreys  & 
Glasgow.  He  has  had  a  prominent  part  in  constructing  gas 
and  electric  lighting  plants  and  in  their  management  and  the 
business  interests  connected  with  them.  Coming  as  he  does 
from  a  successful  business  experience,  and  being  an  energetic, 
forceful  man,  he  is  unusually  well  qualified  to  succeed  to  this 
important  office.  The  many  friends  of  Stevens  Institute,  as 
well  as  its  nearly  one  thousand  graduates,  look  forward  to  his 
administration  with  confidence  and  expectation  of  continued 
progress. 


Mr.  R.  J.  Gross,  second  vice-president  of  the  American  Loco- 
motive Company,  Dunkirk,  N.  Y.,  has  started  on  a  trip 
around  the  world.  He  goes  by  way  of  San  Francisco,  the  first 
stop  to  be  at  Honolulu.  From  there  he  goes  to  Japan,  Korea 
and  Slam,  and  from  China  he  will  travel  over  the  Trans- 
Siberian  Railroad  to  Russia.  He  plans  to  visit  every  country 
in  Europe.  Mr.  Gross  will  be  absent  from  this  country  about 
a  year.  The  purpose  of  his  trip  is  to  make  a  careful  investi- 
gation of  the  opportunities  for  American  locomotives  in  the 
Orient  and  European  countries  and  to  establish  systematic 
business  relations.  Mr.  Gross  will  be  accompanied  on  his  trip 
by  Cliarles  M.  Muchnic,  until  recently  mechanical  engineer  of 
the  Denver  &  Rio  Grande,  who  will  act  as  Mr.  Gross'  secretary. 


Mr.  Max  Toltz  has  resigned  as  mechanical  engineer  of  the 
Great  Northern  Railway.  He  is  engaged  in  superintending 
the  application  of  his  system  of  acetylene  car  lighting  to  a 
large  number  of  cars  on  the  Canadian  Pacific,  and  has  been 
retained  by  that  road  in  a  consulting  engineering  capacity  in 
connection  with  the  new  shops  at  Montreal. 
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PLAN    OP    BOILER    SHOP. 
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CROSS    SECTION    OP    FOUNDRY. 
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PLAN    OF  FOUNDRY. 

NEW    LOCOMOTIVH    SHOPS,     READING,     PA.— PHILADELPHIA    &  READING  RAILWAY. 
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PARTIAL  SIDE  ELEVATION  AND  SECTION  OF  SMITH  SHOP. 
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SECTION     THROUGH     STOREHOUSE,     SHOWING     SIDE     ELEVATION     OF 
EOILIiR    SHOP. 
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PLAN    OF    FLOOR    UNDER    RIVETING    TOWER. 
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FLANGING   FUENACE   IN  BOILBB   SHOP. 

NEW    LOCOMOTIVE    SHOPS,    READING,    PA.— PHILADELPHIA    &  READING  RAILWAY. 
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NEW    LOCOMOTIVE    SHOPS. 


Philadelphia  &  Reading  Railway. 


III. 


{For  previous  article  see  page  53.) 


In  the  Pebruai-y  number  the  locomotive  erecting  and  machine 
shop  was  described  in  detail.  The  other  buildings  are  of 
similar  character  but  of  lighter  construction,  to  adapt  them 
to  their  special  purposes. 

BOILEB    SHOP. 

This  building  has  a  main  bay  and  a  .50-ft.  lean-to.  The  main 
bay  provides  for  boiler  and  tank  work  and  is  served  by  a  35- 
ton  crane  on  runways  extending  over  the  dwarf  wall  into  the 
erecting  shop.  One  track  extends  through  this  bay  and  four 
other  tracks  180  ft.  long  provide  for  the  tank  work.  In  the 
lean-to  is  a  space  of  400  x  50  ft.  for  machinery  and  the  riveting 
and  flanging  equipment.  A  monitor  extends  almost  the  entire 
length  of  the  main  bay  and  five  ventilators  each  having  10 
sash  are  provided  for  in  the  roof  of  the  lean-to.  The  arrange- 
ment of  the  glass  in  the  roof  is  shown  in  the  photograph  of 
this  building  on  page  12  of  the  January  number.  This  build- 
ing has  a  slag  roof  over  hemlock  roof  boards.  The  floor  of 
the  erecting  flue  and  flange  departments  is  of  earth  and  that 
of  the  rest  of  the  building  of  wood.  From  the  north  end  of 
the  building  to  the  riveting  tower  the  lean-to  is  served  by  a 
5-ton  electric  crane,  controlled  from  the  floor  of  the  shop. 
This  covers  all  of  the  space  over  which  boiler  plates  are 
handled. 

The  riveting  and  flanging  outfits  are  placed  under  a  riveting 
tower  located  over  the  roof  of  the  lean-to  and  about  150  ft. 
from  the  north  end  of  the  shop.  In  the  tower  is  a  crane  to 
serve  the  riveter  and  a  small  lean-to,  on  the  roof  of  the  shop 
lean-to  and  built  from  the  tower,  provides  for  the  accumulator 
for  the  riveter,  flanging  press  and  hydraulic  punch.  The  hy- 
draulic machinery  warrants  a  separate  description.  The  in- 
stallation of  a  flanging  press  in  a  railroad  repair  shop  is  some- 
what unusual.  In  the  small  plan  of  the  space  under  the  rivet- 
ing tower  the  location  of  the  flange  furnace  is  shown  and  its 
construction  is  illustrated  by  sectional  views.  The  smoke  flue 
passes  under  the  wall  of  the  shop  connecting  to  the  stack 
which  is  seen  in  the  photograph  on  page  12. 

SMITH   AND   FOBGE   SHOP. 

This  building  is  568  x  60  ft.  The  north  half  is  the  forge 
shop  and  the  south  half  the  smith  shop.  A  lean-to  180  x  20  ft. 
provides  a  furnace  room  outside  of  the  main  wall  of  the  forge 
shop.  The  roof  has  a  slag  covering  and  the  floor  is  of 
earth  throughout.  A  10-ton  electric  traveling  crane  serves  the 
entire  shop  and  the  forge  shop  has  17  jib  cranes  for  the  ham- 
mers and  fires.  The  furnaces  are  fired  with  coal.  Over  each  of 
the  six  furnaces  a  horizontal  tubular  boiler  is  placed  to  utilize 
the  waste  heat.  These  furnish  steam  for  the  hammers  and  the 
exhaust  is  piped  to  the  general  heating  system  and  to  the 
atmosphere  through  a  pressure  retaining  valve.  Smaller  fur- 
naces are  located  in  the  shop,  as  shown  in  the  plan,  which 
shows  the  location  of  the  bending  machinery  and  forges. 

THE    FOUNDRY    AND    STOCK    HOUSE. 

This  building  is  400  x  130  ft.  It  has  a  center  and  two  side 
bays.  A  10-ton  crane  covers  the  whole  of  the  center  bay  and 
each  lean-to  has  a  1-ton  crane  operated  by  compressed  air  and 
having  shorter  runways  because  of  the  core  ovens  and  cupolas. 
In  the  main  bay  there  are  also  4  portable  electric  cranes.  The 
glazing  in  this  building  is  shown  in  the  photograph  on  page  13. 
In  the  plan  the  arrangement  of  the  floor  space  is  indicated. 

Special  attention  was  given  to  the  stock  house  for  the 
foundry.  It  is  seen  in  the  third  photograph  on  page  13.  This 
building   is   161    x   40   ft,    and  has  two  standard  gauge  tracks. 


one  on  each  side,  extending  into  the  building  at  the  yard  level. 
Under  these  tracks  are  bins  for  the  storage  of  foundry  ma- 
terial. On  a  level  with  the  floor  of  tnis  building  and  the  floors 
of  the  bins  is  a  push  car  track  with  a  turn-table  at  the  center 
of  the  building.  From  the  transverse  track  the  loaded  cars 
are  pushed  into  the  foundry  through  a  tunnel  to  the  foundry 
elevators  to  the  cupolas  or  to  the  foundry  floor,  as  required. 
Kinnear  rolling  shutters  are  htted  to  the  track  doors. 

CAKPENTER  AND  PATTERN  SHOP. 

In  this  building,  200  x  60  ft.,  with  three  and  one-half  stories, 
all  of  the  woodwork  of  the  plant  is  concentrated.  The  main 
floor  provides  for  dry  lumber  storage  at  the  south  end,  next 
to  this  is  the  paint  shop  for  cabs  and  special  work,  while  the 
north  end  contains  the  electrician's  store-room  and  repair  shop 
and  the  scale  department.  The  second  floor  is  used  for  a  gen- 
eral woodworking  shop.  Including  the  pattern  shop.  The  third 
and  fourth  floors  are  used  for  pattern  storage.  This  building 
is  well  lighted  and  convenient.  It  has  two  exterior  elevators 
with  10  X  12  ft.  platforms,  one  on  the  south  end  and  the  other 
on  the  west  side  of  the  building.  This  building  has  an  iron 
fire-escape  at  the  north  end. 

STORE  HOUSE. 

As  shown  in  the  general  ground  plan,  on  page  10,  the  store- 
house is  built  between  and  connected  to  the  boiler  and  smith 
shops.  It  is  also  near  the  machine  and  erecting  shops.  The 
building  is  100  x  70  ft.,  two  stories  high  and  equipped  with  an 
elevator  with  a  6  x  9  ft.  platform.  The  track  running  through 
its  center  extends  also  through  the  locomotive  machine  shop. 
The  storehouse  floor  is  raised  to  the  level  of  the  floor  of  a 
freight  car.  Between  this  track  and  the  elevator  is  a  platform 
scale.  Light  for  the  lower  floor  comes  through  two  wells 
through  the  second  floor,  over  which  are  the  roof  monitors. 

OFFICE   BUILDING. 

This  building  has  three  floors,  the  second  being  on  the  level 
with  the  street.  The  lower  floor,  12  ft.  below  the  street  level, 
provides  for  the  offices  of  the  general  foreman,  shop  clerical 
forces  and  timekeepers.  On  the  second  or  main  floor  are  the 
offices  of  the  superintendent  of  motive  power  and  master  car 
builder,  with  their  clerks.  The  arrangement  of  the  rooms  was 
shown  in  the  large  ground  plan  on  page  10.  A  large  room  occu- 
pies the  greater  part  oi  the  floor  with  a  large  vault  at  the 
north  end  and  toilet  rooms  in  the  corners.  Other  offices  are 
located  on  each  side  of  the  hall  at  the  south  end.  The  drawing 
room  on  the  third  floor  is  a  fine,  large,  well  lighted  room.  A 
cement-floored  blue-print  room,  office  for  the  chief  draftsman 
and  electrical  engineer  and  the  large  drawing  room  occupy  the 
whole  floor. 

In  such  large  shop  buildings  it  was  necessary  to  employ  de- 
vices whereby  the  inaccessible  windows  in  the  monitors  may 
be  quickly  closed  in  case  of  sudden  storms.  In  the  locomo- 
tive shop  the  sashes  are  operated  in  lengths  of  about  100  ft. 
by  shafts  of  iy_i-m.  pipe.  These  are  rotated  by  means  of 
air  cylinders  6  x  10  ins.  in  size,  which  are  controlled  from  a 
central  point  at  the  foot  of  one  of  the  roof  columns.  The  other 
buildings  have  the  Evans  window-controlling  devices  supplied 
by  the  Quaker  City  Machine  Company,  of  Richmond.  Ind. 
These  are  operated  by  hand. 

The  power  house  and  machinery  equipment  of  the  plant  will 
be  the  subjects  of  separate  articles. 


The  Great  Western  Railway,  of  England,  has  ordered  a  Du 
Bousquet  four-cylinder  compound  locomotive  in  order  to  make 
a  close  study  of  the  French  locomotives  with  respect  to  Eng- 
lish conditions.  In  this  case  not  only  the  locomotive  but  the 
runner,  the  fireman,  and  also,  perhaps,  the  fuel,  are  to  be  Im- 
ported for  the  purpose  of  testing  the  merits  of  the  French 
practice  under  the  best  conditions  obtainable. 
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POWERFUL    ENGLISH    SUBURBAN    LOCOMOTIVE. 


GuKAT  Eastern  Railway. 


This  road  has  a  very  important  suburban  service,  which  is 
constantly  increasing,  and  in  order  to  handle  it  punctually 
wit)i  its  existing  schedules  this  interesting  locomotive  was 
designed  by  Mr.  James  Holden,  locomotive  superintendent  of 
the  road,  and  one  has  been  built  at  the  Stratford  shops. 

It  has  ten  54-in.  driving  wheels  and  a  wheel  base  of  19  ft. 
8  ins.,  the  central  pair  being  flangeless.  It  is  a  simple  engine, 
with  three  IS'/a  by  24-in.  cylinders,  two  of  which  are  outside 
and  the  other  inside  the  frames.  The  inside  cylinder  connects 
to  a  central  crank  on  the  second  axle,  and,  to  provide  clearance 
for  the  crosshead,  the  leading  driving  axle  is  cranked.     The 


connecting  rod  is  G  ft.  9Vi  ins.  long  between  centers,  and  is 
made  in  the  form  of  a  triangular  frame,  one  leg  of  which 
passes  above  and  the  other  below  the  leading  axle.  The  cranks 
are  set  at  angles  of  120  deg.  to  each  other.  The  boiler 
is  large,  and  appears  to  be  up  to  the  limit  of  size  for  this  road. 
It  provides  3,010  sq.  ft.  of  heating  surface  and  42  sq.  ft.  of  grate 
area,  these  figures  being  the  largest  ever  employed  in  ^nglish 
locomotive  practice.  This  boiler  has  six  S'/i-in.  safety  valves. 
The  boiler  pressure  is  200  lbs. 

This  is  a  remarkable  locomotive,  and  it  gives  an  impression 
of  the  difficulties  presented  by  suburban  service  of  the  present 
time.  That  the  most  powerful  locomotive  in  England  is  de- 
signed specially  for  suburban  service  indicates  the  severity  of 
the  conditions.  We  are  indebted  to  Engineeriyig  for  these  en- 
gravings. 


POWERFUL,  SUBURBAN  LOCOMOTIVE,  WITH   THREE   CYLINDERS. 

GEEAT    EASTERN    RAIL.WAT. 


ATOMIZERS    FOR    LIQUID    FUEL. 


In  using  oil  fuel  in  marine  service  the  use  of  steam  for 
atomizing  is  important,  and  this  was  the  subject  of  careful  at- 
tention by  the  "Liquid  Fuel  Board"  of  the  navy  department.  It 
was  found  that  with  steam  atomizing  burners  the  average 
percentage  of  steam  required  for  the  burners  was  about  iV^ 
per  cent,  of  the  entire  evaporation  of  the  boilers.  Such  a  con- 
sumption of  water  that  must  be  made  up  by  evaporators  on 
shipboard  leads  to  the  use  of  air  as  an  atomizing  agent.  Con- 
cerning the  matter  of  steam  in  the  flame,  the  recent  report 
of  Rear  Admiral  Melville  states  that  there  is  quite 
a  widespread  misconception  regarding  the  part  that  the 
steam  which  is  used  for  atomizing  purposes  plays  in 
effecting  combustion.  It  is  supposed  by  many  that  after 
atomizing  the  oil  the  steam  is  decomposed  and  that 
the  hydrogen  and  carbon  are  again  united,  thus  producing 
heat  and  adding  to  the  heat  value  of  the  fuel.    While  it  may 


be  true  that  the  presence  of  steam  may  change  the  character 
and  sequence  of  the  chemical  reaction,  and  result  in  the  pro- 
duction of  a  higher  temperature  at  some  part  of  the  flame, 
such  an  advantage  will  be  offset  by  lower  temperatures  else- 
where between  the  grate  and  the  base  of  the  stack.  All  steam 
that  enters  the  furnace  will,  if  combustion  is  complete,  pass 
up  the  stack  as  steam,  also  carrying  with  it  a  certain  quantity 
of  waste  heat.  The  amount  of  this  waste  heat  will  depend 
upon  the  amount  of  steam  and  its  temperature  at  entrance  of 
the  furnace.  The  quantity  of  available  heat,  measured  in 
thermal  units,  is  undoubtedly  diminished  by  the  introduction 
of  steam.  In  an  efficient  boiler  it  is  quantity  of  heat  rather 
than  intensity  that  is  wanted.  For  many  manufacturing  pur- 
poses intensity  of  heat  may  be  of  primary  importance,  but  in 
a  marine  steam  generator  a  local  intense  heat  is  objectionable 
on  other  grounds  than  those  of  economy,  viz.:  its  liability  to 
cause  leaky  tubes  and  seams  from  the  unequal  expansion  of 
heating  surfaces. 
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A    PORTABLE    ELECTRICALLY    DRIVEN    GRINDING 
MACHINE. 


A  valuable  feature  of  the  equipment  of  the  new  Collinwood 
shops  of  the  Lake  Shore  &  Michigan  Southern  Railway  is  to 
be  found  in  the  addition  of  a  number  of  the  Hisey  portable 
electrically  driven  grinders  for  use  as  attachments  to  lathes, 
planers,  milling  machines,  etc.,  for  various  grinding  opera- 
tions.   The  Hisey  motor  grinder,  which  was  recently  put  upon 


THE    HISEY   POBTABLE    GBINDER. 

the  market  in  an  improved  form  by  the  Hisey-Wolf  Machine 
Company,  Cincinnati,  Ohio,  involves  in  its  construction  some 
valuable  features.  It  is  a  tool  of  unusual  value  on  account  of 
its  ready  and  easy  application  to  a  large  number  of  otherwise 
difficult  operations,  and  its  time-saving  qualities,  due  to  sim- 
plicity of  application  and  operation. 

This  device,  which  is  illustrated  in  the  accompanying  en- 
graving, consists  of  an  iron-clad  bipolar  electric  motor,  with 
an  emery  wheel  attached  directly  upon  the  end  of  its  armature 
shaft,  the  whole  of  which  may  be  mounted  in  the  tool-post  of 
a  machine  tool.  The  motor  is  built  in  the  most  substantial 
manner,  according  to  a  design  especially  calculated  for  the 
high  speed  necessary.  The  high  speed  is  obtained  by  a  two- 
pole  design  of  field  magnet  frame,  which  provides  a  closed 
magnetic  circuit  and  also  a  perfect  mechanical  protection  for 
the  armature  and  its  commutator. 

The  motor  illustrated  in  the  engraving  runs  at  a  speed  of 
4,500  rev.  per  min.,  a  special  design  of  toothed  armature  being 
used  to  withstand  this  speed.  The  notchings  for  receiving  the 
wire  are  very  narrow  near  the  periphery,  but  widen  out  farther 
in;  this  permits  a  wedge  to  be  driven  in  after' the  armature 
conductors  are  in  place,  which  retain  them  with  absolute 
security.  The  armatures  are  wound  for  either  110  or  220  volts, 
direct  current. 

An  important  feature  of  this  machine  is  the  armature  bear- 
ings. They  are  cone  bearings  at  both  ends,  the  cones  for  which 
have  two  ground  surfaces,  one  of  3  degs,  and  the  other  of  45 
degs.  inclination.  These  cones  are  tightened  up  to  any  degree 
of  tightness  by  the  adjusting  nut,  T,  on  the  shaft  at  the  com- 
mutator end.  By  this  means  the  true  rigidness  in  running 
and  freedom  from  end  play,  so  necessary  for  exact  grinding, 
are  perfectly  secured. 


In  using,  the  tool  Is  mounted  by  the  shank  in  the  tool  post 
of  the  lathe,  milling  machine  or  other  machine  tool,  and 
started  by  inserting  the  extension  plug.  A,  in  the  nearest  in- 
candescent lamp  socket.  The  shank,  G,  is  of  steel  and  is  fitted 
to  the  cap  of  the  V-way.  The  V-slide  permits  a  cross  adjust- 
ment of  3  ins.,  by  means  of  handle  E. 

This  machine  has  a  wide  range  of  work,  such  as  grinding 
centers,  cutters,  reamers,  dies,  rolls,  etc.;  also  surface,  parallel 
and  internal  grinding  jobs  of  all  kinds.  For  internal  grinding 
the  extension  mandrel,  N,  is  used  by  removing  the  regular 
grinding  wheel  and  attaching  in  its  place.  This  permits 
grinding  in  as  small  a  hole  as  the  wheel  on  the  extension 
mandrel  will  enter. 

The  tootli  rest,  F,  is  a  valuable  attachment  for  the  grinder, 
serving  as  an  index  for  cutter  and  reamer  grinding,  and  in- 
suring that  each  tooth  is  ground  correctly  by  acting  as  a  stop 
in  rotating  the  cutter. 

For  surface  grinding  the  device  is  very  easily  attached  to 
the  planer  or  shaper  tool  post,  and  used  like  a  cutting  tool. 
One  of  the  best  tributes  to  the  general  usefulness  of  this  device 
is  the  use  made  of  it  in  the  manufacture  of  its  own  parts  at 
the  Hisey-Wolf  shop.  A  great  many  of  the  parts  are  finished 
by  grinding,  but  the  most  difficult  of  all,  the  armature  core, 
is  ground  down  not  only  for  smoothness  but  also  the  necessary 
balancing,  which  is  thus  secured  with  perfect  ease. 


DRAWING    TABLE    FOR    TRACING    BLUE    PRINTS. 


During  the  early  experience  of  everyone  who  works  in  a 
drawing  room  difficulties  are  met  in  tracing  blue  prints,  espe- 
cially if  the  prints  are  indistinct.  Mr.  W.  R.  Maurer,  chief 
draftsman  of  the  motive  power  department  of  the  Buffalo, 
Rochester  &  Pittsburg  Railway  at  Rochester,  N.  Y.,  has  devised 
a  convenient  table  for  this  purpose.  The  table  is  of  pine, 
stained,  and  the  complete  cost  is  about  $5.  The  glass  is  made 
IV2  ins.  smaller  than  the  margin  of  the  standard  size  sheets 


DRAWING    TABLE    FOB    TBACING    BLUE    PRINTS 

used  on  the  road  referred  to  and  it  is  also  used  conveniently 
for  one-half  and  one-quarter  sheets.  A  reflector  receives  light 
from  a  window  and  projects  it  through  the  glass  under  the 
print.  The  reflector  is  hinged.  By  making  the  board  separate 
it  may  be  removed  from  the  frame.  The  under  side  of  the 
board  and  the  inside  of  the  frame  above  the  reflector  are 
painted  white.  In  using  this  table  it  is  placed  in  front  of  a 
window  and  the  curtain  drawn  down  so  that  the  strong  light 
comes  from  below.  Mr.  Maurer  says  that  with  this  device  it 
is  possible  to  trace  a  blue  print  through  a  sheet  of  Whatman's 
paper. 
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GRADING  OF  WASTE. 


TESTS    UEVELOPINCl     X    SYSTEM    OF    "MEKIT    MAllKINU,"    INDICATING 
POSSIBILITY    OF    SPECIFICATIONS    FOB    COTTON    WASTE. 


The  immense  annual  consumption  of  waste  by  large  rail- 
road systems  lias  for  a  long  time  rendered  apparent  the  desir- 
ability of  having  a  system  for  definitely  grading  the  various 
qualities  of  cotton  waste  with  respect  to  the  results  that  may 
be  expected.  Purchasing  from  the  makers'  classifications  is 
indefinite,  inasmuch  as  information  is  rarely  given  regarding 
the  relative  values  of  their  different  classes  or  brands. 

Realizing  the  importance  of  this  subject  and  the  uncertainty 
of  the  properties  defining  the  relative  values  of  waste,  the 
New  York  Central  recently  instituted  an  investigation  of 
various  standard  commercial  brands,  with  a  view  of  deter- 
mining data  that  might  eventually  lead  to  the  introduction 
of  specifications  governing  its  purchase.  The  properties  which 
are  of  the  greatest  importance  in  waste,  namely,  those  of 
absorption,  capillarity  and  expansion  resulting  from  absorp- 
tion, were  determined  for  several  different  commercial  brands. 
i<ine  samples  were  tested,  the  analyses  of  which  appear  in 
the  accompanying  Table  No.  1.  The  absorption  and  the  ex- 
pansion resulting  therefrom  are  given  in  per  cent,  of  original 
volumes,  while  the  capillarity  is  given  both  in  per  cent,  of 
weight  and  in  height,  the  results  obtaineu  appearing  in  Table 
No.  2,  which  exhibits  the  unexpected  variations  between  stand- 
ard brands. 

An  effort  was  made  to  compare  the  effects  of  the  various 
amounts  of  foreign  matter  upon  the  absorption,  expansion 
and  capillarity  in  height,  but  the  indications  were  difficult 
of  interpretation.  The  general  indication  of  this  portion  of 
the  test  points,  however,  to  the  fact  that  the  waste  is  best 
which  has  the  least  foreign  matter — that  is,  the  one  which  is 
cleanest. 

The  most  important  feature  of  this  investigation  was  the 
system  of  "merit  marking"  developed  for  summing  up  the 
results  of  the  different  determinations  for  facility  in  com- 
paring total  results  of  each  brand.  This  consists  of  a  num- 
bering or  ranking  of  the  various  brands  tested  from  1  up  to 
the  total  number  tested,  according  to  their  relative  value  or 
merit  in  each  property  investigated;  that  is,,  the  brand  having 
the  greatest  amount  of  foreign  matter,  for  instance,  is  marked 
1,  the  lowest  rank;  the  brand  next  better  is  marked  2,  and 
so  on.  In  the  same  way,  the  brand  giving  the  greatest  absorp- 
tion Is  given  the  highest  rank  (marked  the  highest  number), 
ana  that  giving  the  least  is  marked  1,  the  lowest  rank.  Table 
No.  3  shows  the  merit  marking  for  the  nine  samples  tested; 
brand  No.  7  gave  the  least  absorption  and  was  therefore  marked 
1,  while  brand  No.  2  gave  the  greatest  and  was  thus  marked  9, 
the  highest  rank  of  the  nine  tested.  Where  two  or  more  sam- 
ples gave  equally  good  results  in  any  particular  property  in- 
vestigated, they  are  given  the  same  merit  mark  or  rank  down 
from  tne  highest  value.  The  sum  total  of  the  rank  numbers 
received  in  all  the  investigations  for  a  sample  is  used  as  a 
basis  for  comparison  of  that  sample  with  the  others,  giving, 
as  it  were,  the  total,  or  preponderance,  of  merit  of  that  sample. 
It  must  not  be  overlooked,  however,  that  this  method  of 
comparison  may  not  be  strictly  exact;  this  method  makes 
the  result  of  the  investigation  of  each  property  of  equal  im- 
portance in  its  effect  upon  the  total,  whereas  the  investigation 
of  one  property  may  be  of  greater  importance  than  any  or 
all  of  the  others.  But  no  way  is  apparent  for  grading  the 
importance  of  the  results  of  the  various  properties  tested, 
so  it  is  probable  that  the  method  outlined  above  is  approxi- 
mately correct.  It  is  interesting  to  note,  however,  in  this 
connection  that  in  Table  3  the  final  totals,  which  establish 
the  actual  relative  merit  of  the  samples  tested,  have  graded 
the  samples  in  very  nearly  the  same  order  as  that  indicated 


in  the  column  headed  "Total  Foreign  Matter,"  thus  adding 
further  proof  to  the  statement  above  to  the  effect  that  the 
less  "foreign  matter"  tnere  is  in  waste  the  higher  its  value. 

The  information  resulting  from  the  tests  recorded  In  Table 
No.  1  is  also  important.  it  shows  in  one  case  over  14 
per  cent,  of  moisture,  oils  and  fats;  in  two  cases  it  shows 
19  per  cent,  of  dirt  and  coloring  matter,  and  In  another  case 
31  per  cent,  of  foreign  matter.  It  is  of  interest  also  to  note 
that  the  waste  which  apparently  shows  the  best  In  the  tests 
contains  the  least  amount  of  wool. 

Specifications  for  cotton  waste  might  be  drawn  up  on  a 
basis  of  the  information  given  in  Table  No.  1,  giving  the  per 
cent,  of  moisture,  oils  and  fats  allowed,  the  per  cent,  of  dirt 
and  coloring  matter  allowed,  and  the  total  per  cent,  of  both, 
and  also  the  per  cent,  of  wool.  The  per  cent,  of  coloring  mat- 
ter and  dirt  and  of  wool  should  be  less  for  white  waste  than 
for  colored  waste. 

TABLE   NO.    1. 
Uesults  of  Chemical  Analyses  of  Samples  of  Waste. 


No.  of 
Sample. 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Moisture 

Oils  and 

Fats . 

7.20% 

3.40% 

6.107o 

5.10% 

11.50% 

14.60% 


Dirt  and 
Coloring 

Matter. 

4.30% 

4.60% 

19.00% 

12.70% 

19.50% 

7.10% 


Total 
Foreign 
Matter. 
11.50% 
8.00% 
25.10% 
17.80% 
31.00% 
21.70% 


Cotton. 

66.10% 
80.57% 
51.83% 
65.36% 
52.00% 
54.05% 


Wool. 

22.40% 
11.43% 
23.07% 
16.84% 
17.00% 
24.25% 


10.20% 
12.80% 


14.30% 
9.30% 


24.50% 
22.10% 


57.27% 
59.62% 


18.23% 
18.82% 


TABLE   NO.    2. 


Tests  of  Waste  for  Absorption,  Expansion  and  Capillarity. 


Absorption, 

No. 

of 

Per  Cent,  of 

Sam 

pie. 

Volume. 

1 

.424.% 

2 

489.% 

.S 

352.% 

4 

441.% 

5 

434.%. 

fi 

•     409.% 

7 

350.% 

S 

470.% 

9 

402.%. 

P^xpansion, 

Per  Cent,  of 

Volume. 

7.80%. 
9.17% 
7.80% 
9.17% 
6.25% 
9.17% 
6.25% 
7.80% 
7.80% 


Capillarity. 

Per  Cent,  by 
Weight. 
215.% 
270.% 
165.% 
170.% 
110.% 
155.% 
220.% 
125.% 
160.% 


Capillarity,  by  }Ieigbt 

Increase  in 

Inches. 
%"  to  2" 
%"  to 
Hi."  to 
to 
to 
to 


H 
■A 

5-16' 
V, 


h 


1' 

2%" 
to    1%- 


to   H4" 
to   1%- 


TABLE  NO.    3. 

System  of  "Merit  Marking"  for  Grading  Waste. 

, Capillarity . ■ 

By  Height. 


"a 


O    1  *3 

8 
9 
3 
7 
2 
6 

i 
5 


Relative  Values. - 

8  7 

9  9 

8  5 

9  6 
7  1 
9  3 

7  8 

8  2 
8  4 


a  z 

. 

9 
9 
6 
8 
5 
9 
7 
6 
7 


44 
52 
31 
46 
29 
39 

36 

as 


The  University  of  Michigan  has  under  construction  at  present 
a  much  needed  new  building  for  its  engineering  departments. 
It  will  be  very  complete  in  its  appointments,  costing  about 
$140,000,  and  will  have  a  naval  testing  tank,  a  compressed-air 
laboratory,  a  hydraulic  laboratory,  refrigerating  and  cold  stor- 
age apparatus  and  other  valuable  equipment. 


A  Lighthouse  in  a  Desert.— There  is  at  least  one  lighthouse 
in  the  world  that  is  not  recorded  on  any  mariner's  chart.  It 
is  away  out  on  the  Arizona  desert,  and  marks  the  spot  where 
a  well  supplies  pure,  fresh  water  to  travelers.  It  is  the  only 
place  where  water  may  be  had  for  forty-five  miles  to  the  east- 
ward and  for  at  least  thirty  miles  in  any  other  direction.  The 
■house"  consists  of  a  tall  cottonwood  pole,  to  the  top  of  which 
a  lantern  is  hoisted  every  night.  The  light  can  be  seen  for 
miles  across  the  plain  in  every  direction. 
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DEVICE  FOR  SPACING  DUNBAR  PACKING  RINGS. 


PLANER    AND    MATCHER    FOR    THICK    STOCK. 


The  accompanying  drawing  represents  an  improved  device 
for  spacing  Dunbar  or  similar  packing  rings,  riiis  device  Is 
not  essentially  different  from  the  one  devised  by  Mr.  George 
Wales,  of  the  West  Burlington  shops  of  the  Chicago,  Burling- 
ton &  Quincy  Railway,  which  was  described  on  page  89  of  our 
March,  1902,  issue.  It  consists  of  a  circular  cast-iron  plate, 
22  ins.  in  diameter,  with  circles  scribed  upon  its  face  to 
correspond  with  various  sizes  of  pistons,  the  range  being  from 
12  to  22  ins.  in  diameter.  At  the  center  of  the  plate  is  pivoted 
a  forked  bearing,  which  supports  a  rod  extending  to  the  edge 
of  the  plate;    thus  the  rod  may  be  raised  and  swung  around 


Pointer  Id  he  ilidi-i); 


T 
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m 


PLATE    FOR    LAYING    OUT    DUNBAR    PACKING    RINGS. 


to  any  position,  clips  being  arranged  to  firmly  hold  it  at  60- 
d'^^ree  points  around  the  circle.  An  adjustable  sliding  pointer 
Is  arranged  on  the  rod  so  that  it  may  be  clamped  in  any  posi- 
tion thereupon.  When  the  bar  is  dropped  into  one  of  the  clips 
it  is  in  position  for  making  one  of  the  marks  on  the  ring  to  be 
cut;  then  by  dropping  it  into  all  the  rest  of  the  slots  and  making 
marks  by  the  sliding  pointer,  the  six  equidistant  marks  neces- 
sary for  this  kind  of  packing  may  be  made.  This  has  proved 
a  very  rapid  combination  and  has  many  advantages  for  quick 
work.  We  are  indebted  to  Mr.  H.  F.  Kiileen,  of  Davenport, 
Iowa,  for  this  information. 


The  vessels  which  have  at  present  the  record  for  the  most 
economical  machinery  are  the  steamers  IncJidune  and  Inch- 
marlo,  whose  machinery,  like  that  of  the  lona,  was  built  by 
the  Central  Marine  Engine  Company,  of  West  Hartlepool.  The 
engines  are  not  of  great  size,  the  aggregate  indicated  horse- 
power being  only  1,600.  The  steam  pressure  carried  is  267 
lbs.  There  are  five  cylinders,  two  being  low  pressure,  but 
the  expansion  is  in  four  stages.  The  cylinder  diameters  are 
17,  24,  34  and  42  ins.,  the  stroke  of  all  pistons  being  42  ins. 
The  coal  per  horse-power  on  the  trial  trip  from  Hartlepool  to 
Dover  was  the  unprecedentedly  small  amount  of  0.97  lb.  In 
this  machinery  everything  which  would  contribute  to  economy 
has  been  adopted.  The  steam  is  superheated  to  a  temperature 
of  about  500  deg.  F.,  and  all  the  cylinders,  excep;  the  high 
pressure,  are  Jacketed,  both  on  the  barrel  and  on  the  (nds. 
The  feed  water  is  heated  to  a  temperature  of  about  370  deg., 
and  a  light  artificial  draft  of  the  induced  type  is  used,  while 
the  boilers  are  fitted  with  Serve  tubes.  The  economy  attained 
in  this  machinery  of  getting  a  horse-power  for  about  one 
pound  of  coal  is  certainly  remarkable,  and  it  makes  a  record 
which  it  will  be  difficult  for  other  designers  to  excel,  if,  indeed, 
in  vessels  of  large  power,  it  can  be  reached. —W,  M.  McFar- 
land,  in  Engineering  Magazine. 


S.  A.  Woods  Machine  CoNPAwy. 


A  special  demand  has  developed  for  a  heavy  planer  and 
matcher  to  fill  the  gap  between  the  ordinary  fast  feed  matcher 
and  a  large  timber  sizer.  Such  a  machine  of  modern  construc- 
tion has  been  needed  to  perfectly  dress  and  match  thick  floor- 
ing timbers,  boards  and  other  material  used  in  car  building. 
The  S.  A.  Woods  Machine  Company  of  South  Boston,  Mass., 
have  applied  their  long  experience  and  knowledge  of  the  re- 
quirements of  car  builders  to  the  problem  and  nave  produced 
what  is  known  as  the  "Woods  No.  10,  Extra  Heavy  Planer 
and  Matcher"  as  their  latest  attainment. 

The  last  few  years  have  brought  many  changes  in  the  con- 
struction of  planing  machines,  which  have  helped  to  greatly 
increase  the  capacity  and  quality  of  the  work.  The  principle, 
however,  is  not  changed  and  remains  the  same  as  it  has  been 
since  the  introduction  of  tne  cutter-head,  but  the  operation  of 
the  machines  has  been  improved  as  stated.  One  of  the  great- 
est improvements  is  the  application  of  the  wedge  platen  used 
in  this  machine,  as  described  below.  This  is  a  feature  patented 
and  controlled  by  these  builders  and  is  deserving  of  wide  at- 
tention. 

The  adjustable  wedge  platen  permits  of  changing  the  cut 
or  distributing  it  between  the  top  and  bottom  cutter-heads 
without  either  disturbing  the  top  rolls  or  altering  the  finished 
thickness  of  the  lumber.  This  feature  also  allows  of  instantly 
adjusting  the  machine  for  surfacing  on  one  side  only  and 
with  it  scant  sawed  lumber  may  be  made  full  dressed  thick- 
ness. The  adjustment  is  made  from  the  feeding  in  end,  from 
which  point  the  moveable  parts  may  be  instantly  locked  in 
place  after  they  are  adjusted.  The  device  resembles  the  table 
of  a  buzz  planer,  adjustable  on  inclines.  The  platen  plate 
under  the  top  cutter-head  rests  on  an  inclined  bed  which  may 
be  raised  or  lowered  simultaneously  with  the  lower  feeding  in 
rolls,  thus  increasing  or  diminishing  the  cut  of  either  head, 
as  desired. 

Knife  setting  gauges  which  are  adjustable  to  give  the  de- 
sired projection  of  the  knife  over  the  lip  of  the  cutter  head, 
permit  the  accurate  setting  of  knives  without  measurements 
or  the  use  of  other  instruments.  Binding  levers  take  the  place 
of  wrenches  for  locking  the  adjustable  parts  of  the  machine. 
The  feed  is  arranged  so  that  it  may  be  operated  from  either 
end  of  the  machine.  Three  distinct  styles  of  feed  can  be  fur- 
nished with  this  machine  as  preferred:  That  shown  in  the 
engraving  on  page  119,  a  friction  cone  feed,  or  a  tight  and 
loose  pulley  feed.  The  power  hoist  facilitates  the  adjustment 
of  the  top  rolls  and  cutter-head  simultaneously,  or  the  feeding- 
in  rolls  independently.  The  top  cutter-head  may  be  discon- 
nected from  the  regular  hoisting  mechanism  and  the  rolls  ad- 
justed independently. 

The  bottom  cutter  head  and  its  yoke  are  arranged  to  draw 
out  by  a  screw,  facilitating  access  to  the  knives.  The  system 
of  applying  pressure  to  the  top  feed  rolls  from  below  obviates 
overhead  weights.  The  pressure  bar  or  platen  over  the  bottom 
cutter  head  acts  as  a  gauge  for  thickness  of  the  finished  stock 
and  may  be  adjusted  in  a  parallel  plane,  or  either  end  may  be 
disconnected  from  the  hoisting  mechanism  and  raised  or  low- 
ered independently,  all  from  the  operating  side. 

Both  the  top  and  bottom  cutter  heads  are  double  belted,  the 
upper  feeding  in  rolls  are  solid,  although  sectional  rolls  and 
expansion  center  guides  may  be  applied  if  desired.  There  are 
six  feed  rolls,  9%  ins.  in  diameter.  The  side  chip  breakers 
are  sectional  with  shoes  independently  adjustable.  The  ex- 
pansion gearing  is  properly  covered  and  ample  provision  is 
made  for  taking  away  all  shavings,  etc. 

The  machine  is  built  to  work  18  to  30  ins.  wide  up  to  12  ins. 
thick.    Its  special  features  are  covered  by  patents. 
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BOOKS  AND  PAMPHLETS. 


Ancient  and  Modern  Kugineering  and  the  Isthmian  Canal.  I'y 
Wm.  II.  Burr,  Professor  of  Civil  Engineering,  Coliiinhia  Uni- 
versity. 8vo,  473  pages;  profusely  illustrated.  ]902:  .Tohn 
Wiley  &  Sons,  43  East  Nineteenth  street.  New  York.  Price, 
$3.50 ;    postage,  27  cents  additional. 

The  basis  of  this  book  is  a  series  of  six  lectures  delivered  by 
Professor  Burr  in  1002  under  the  auspices  of  Columbia  University. 
The  lectures  have  been  somewhat  elaborated  for  this  publication. 
The  first  part,  on  ancient  civil  engineering  works,  contains  much 
of  interest  and  covering  considerable  range,  most  of  it  not  readily 
available  in  engineering  literature.  The  second  part,  on  bridges, 
(ouches  the  subject  somewhat  technically  as  well  as  historically 
and  is  well  up  to  date  in  methods  of  treatment  and  in  the  features 
covered.  The  same  is  true  of  part  three,  on  waterworks,  which  is 
treated  from  many  standpoints,  some  of  which  are  too  new  to  have 
received  complete  and  up-to-date  attention  in  most  text-books. 
Filtration,  in  particular,  and  also  purification,  waste  and  storage, 
receive  intelligent  attention.  The  railroad  part,  after  touching 
upon  the  general  subject  interestingly,  looks  more  particularly 
into  signalling  and  the  development  of  the  locomotive.  Parts  five 
and  six  have  to  do  with  the  Nicaragua  and  the  Panama  routes  for 
a  ship  canal,  which  Professor  Burr  can  treat  somewhat  authorita- 
tively, being  a  member  of  the  canal  commission.  Of  course,  this 
matter  is  both  new  and  interesting.   -It  is  not  altogether  usual  to 


of  it  at  various  points.  His  final  chapter  ia  upon  the  coasts  of  the 
north  of  France,  of  Belgium  and  of  Holland.  The  author  clearly 
describes  the  conditions  of  the  coasts,  and  his  conscientious  care 
and  accuracy  enhance  the  value  of  the  volume.  He  appreciates 
the  importance  of  a  knowledge  of  the  physical  condition.s  to  the 
engineer  who  seeks  cither  to  evade  or  to  resist  the  destructive 
power  of  the  sea  by  the  structures  which  he  designs. 


The  Steam  Turbine.  By  E.  H.  Sniffin.  The  paper  upon  this 
subject  by  this  author,  read  before  the  American  Street  Railway 
.Association  at  the  recent  Detroit  meeting,  has  been  reprinted  in 
pamphlet  form  by  Wcstinghou.se,  Church,  Kerr  &  Co.,  and  copies 
may  be  obtained  from  any  office  of  that  company. 


"I^cading  Newspapers"  is  the  title  of  a  convenient  little  book  of 
200  pages  published  by  Geo.  P.  Kowell  &  Co.,  10  Spruce  street, 
New  York,  in  which  the  leading  papers  are  discussed  from  the 
standpoint  of  the  advertiser.  The  bulk  of  the  space  is  occupied  by 
a  list  of  leading  papers,  including  newspapers  and  journals  de- 
voted to  special  classes  of  readers.  The  list  states  the  circulation 
of  each  in  case  the  publishers  are  willing  to  disclose  the  figures 
for  the  purpose.  It  is  a  valuable  little  book  which  will  be  very 
convenient  for  reference  by  the  advertiser.     Its  price  is  $1. 


The  Joseph  Dixon  Crucible  Company  have  distributed  a  souvenir 


PLAMEE   AND    MATCHER    FOE    THICK    STOCK. 

S.  A.  WOODS  MACHINE  COMPANY. 
(FOR  DESCRIPTION,  SEE  PAGE  118.) 


find  SO  much  of  solid  good  and  so  little  that  fails  to  prove  of  value, 
especially  in  a  book  with  such  an  origin  as  stated  above.    The  book 
is  finely  printed  and  is  full  of  half-tone  and  other  illustrations. 
Altogether  it  is  both  an  attractive  and  a  valuable  book  for  any 
engineer's  library. 


The  Sea  Coast.  (1)  Destruction,  (2)  Littoral  Drift,  (3)  Protec- 
tion. By  W.  H.  Wheeler,  M.  Inst.  C.  E.  Illustrated.  Long- 
mans, Green  &  Co.,  91  Fifth  Avenue,  New  York.  1902  Price 
$4..50. 

The  pui-pose  of  the  writer  of  this  book  is  to  present  clearly  the 
conditions  of  the  sea  coast  which  arise  from  the  varying  agencies 
of  ch.inge  and  degrees  of  exposure.  After  a  brief  general  consider- 
ation of  the  sea  coast  and  of  the  destructive  action  of  shore  waves, 
the  author  gives  a  more  extended  treatment  of  the  littoral  drift. 
In  portraying  this  important  part  of  the  action  of  the  sea  the 
author  describes  notable  examples  which  represent  the  diverse 
effects  in  various  countries.  One  chapter  is  devoted  to  a  general 
description  of  sea  walls.  In  another  chapter  examples  of  sea 
walls  are  described  and  their  construction  illustrated.  Another 
chapter  treats  upon  groynes,  their  construction,  use  and  advantages. 
The  coast  of  England  has  an  important  history  and  is  an  interest- 
ing study  which  merits  the  descriptions  which  Mr.  Wheeler  gives 


pamphlet  of  the  inspection  trip  of  the  American  Society  of  Civil 
Engineers  to  the  new  terminal  of  the  North  German  Lloyd  Steam- 
ship Company  at  Hoboken  on  the  occasion  of  the  fiftieth  annual 
meeting  of  that  society,  held  in  New  York  in  January.  The  pamph- 
let presents  construction  views  of  this  fireproof  terminal,  and  notes 
the  fact  that  the  entire  structural  steelwork  of  the  buildings  and 
piers  is  protected  with  Dixon's  silicon  graphite  paint.  The  pamph- 
let presents  an  excellent  idea  of  the  construction  of  this  interesting 
group  of  structures.     It  is  well  worth  sending  for. 


The  jVmerican  Blower  Company,  Detroit,  Mich.,  have  issued  two 
new  pamphlets.  The  first  illustrates  the  application  of  their  heat- 
ing and  ventilating  system  to  a  number  of  large  manufacturing 
plants  and  railroad  shops.  The  illustrations  present  typical  large 
plants,  and  the  text  gives  the  reasons  for  the  adaptabilitj-  of  the 
fan  system  of  heating  to  them  and  the  reasons  why  it  is  the  only 
economical  and  satisfactory  method  of  heating  large  buildings. 
The  pamphlet  gives  an  excellent  general  idea  of  the  "A.  B.  C." 
system.  The  other  pamphlet  is  devoted  to  the  "A.  B.  C."  moist 
air  dry  kiln  patented  by  this  company.  This  little  pamphlet  is  in- 
tended to  give  enough  information  to  lead  to  requests  for  the  larger 
catalogue.  No.  139,  which  may  be  had  upon  application. 
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Erogs,  switches,  switch-stands,  rail-braces  and  similar  equipment 
manufactured  by  the  Weir  Frog  Company,  of  Cincinnati,  Ohio,  are 
ilkistrated  and  described  in  "Catalogue  No.  6,"  just  issued  by  them. 
This  is  a  popular  and  convenient  catalogue.  Its  purpose  is  to 
present  by  numbered  engravings  the  varieties  of  work  this  firm  is 
prepared  to  furnish,  and  those  desiring  this  material  will  do  well 
to  read  the  concise  statements  made  in  connection  with  these  illus- 
trations, and  apply  for  further  information  if  necessary.  The 
chances  are  that  orders  may  be  based  upon  the  catalogue,  so  great 
is  the  variety  of  work  shown.  At  the  end  of  the  book  is  a  valuable 
collection  of  twenty-two  tables  containing  information  concerning 
track  and  track  work.  Railroad  officers  and  others  who  have  any- 
thing to  do  with  track  work  should  procure  a  copy  of  this  catalogue. 


The  Counsellor. — A  unique  and  interesting  publication  bearing 
this  title  has  come  from  the  office  of  Clarence  P.  Day,  140  Nassau 
street,  New  York.  It  is  devoted  to  the  interests  of  mechanical 
trade  and  class  advertisers,  advertisement  writers  and  publishers. 
It  stands  for  scientific  treatment  of  the  problem  of  publicity,  and 
its  pages  are  full  of  suggestions,  both  in  the  form  of  text  and 
illustration.  The  underlying  idea  presented  is  that  advertising 
to  be  effective  must  be  directed  by  specialists.  Mr.  Day  is  well 
qualified  by  ability  and  experience  to  advise  and  conduct  active 
campaigns  in  this  service,  and  his  "advertising  shop,"  from  which 
this  interesting  publication  comes,  is  evidently  well  equipped  in  all 
particulars  for  effective  work.  The  Counsellor  will  appear  as  a 
quarterly,  and  probably  later  as  a  monthly,  publication.  It  is  a 
fine  piece  of  printing,  the  color  work  on  the  covers  being  especially 
pleasing  and  effective. 


The  Jeffrey  Manufacturing  Company,  Columbus,  Ohio,  have 
issued  a  pamphlet  describing  the  Barney  brick-convej'or  system. 
In  a  number  of  well-selected  engravings  the  application  of  this 
simple  system  of  conveyors  to  the  service  of  brickyards  is  shown. 
These  conveyors  are  built  for  capacities  varying  from  5,000  to 
35,000  bricks  per  hour,  either  loaded  on  cars  or  piled  in  storage. 
Those  who  have  had  to  do  with  handling  bricks  by  the  hand-labor 
and  wheelbarrow  method  will  at  once  appreciate  the  advantage  of 
this  system,  which  not  only  cheapens  the  handling  but  greatly  in- 
creases storage  capacity.  The  essentials  of  this  system  are  an 
endless  carrier  chain,  a  series  of  swinging  baskets,  and  an  over- 
head track  or  runway.  The  pamphlet  also  describes  other  well- 
known  specialties  of  this  company  in  conveyors  and  allied  ma- 
chinery. 


INDUSTRIAL  NOTES. 


The  Railway  Appliances  Company  and  the  Q.  and  C.  Company 
annoimce  that  they  have  consolidated  interests  and  that  the  busi- 
ness of  both  concerns  will  be  continued  under  the  name  of  the  Rail- 
way Appliances  Company,  Old  Colony  Building,  Chicago,  with  the 
following  officers  :  Mr.  H.  K.  Gilbert,  president ;  Mr.  C.  P.  Quincy, 
vice-president;  Mr.  G.  H.  Sargent,  manager,  and  Mr.  Percival 
Manchester,  secret^ary. 

A  large  installation  of  Nernst  lamps  is  to  be  made  in  the  Far- 
mer's National  Bank  building  in  Pittsburg,  which  is  to  be  the 
largest  business  building  in  that  city.  The  Westinghouse  Electric 
and  Manufacturing  Company  have  furnished  three  150  kw.  and 
one  75  kw.  alternating  current  generators  and  the  entire  building 
will  be  lighted  with  Nernst  lamps,  as  follows:  One  thousand  55- 
watt  single-glower,  1,250  88-watt  single-glower,  20  two-glower 
and  20  six-glower  lamps.     This  is  a  high  tribute  to  this  lamp. 


The  Chicago  Pneumatic  Tool  Company  has  issued  through  President 
Duntley  a  financial  statement  for  the  year  ending  December  31,  1903, 
showing  its  financial  condition  to  be  very  strong  and  its  business  to  be 
most  satisfactory  and  gratifying.  In  order  to  concentrate  manufacture 
and  improve  the  facilities  for  meeting  the  increased  demands  of  pur- 
chasers, the  Aurora  factory  is  to  be  consolidated  with  the  Cleveland  plant. 
This  will  greatly  increase  the  output.  In  his  address  to  the  stockholders 
President  Duntley  states  that  the  business  for  January,  1903,  was  50 
per  cent,  greater  than  that  of  the  same  month  in  1908. 


The  O.  M.  Edwards  Company,  of  Syracuse,  N.  Y.,  inform  us  of  a 
change  in  their  office  in  Chicago.  Mr.  B.  S.  McClellan  has  been 
appointed  'Western  manager,  to  succeed  Mr.  E.  E.  Silk,  who  has 
resigned.  Mr.  McClellan  has  charge  of  the  Western  territory  and 
the  office  in  the  Fisher  building,  Chicago. 


The  Philadelphia  Bourse  is  evidently  appreciated  as  an  effective 
factor  in  bringing  manufacturers  of  machinery  and  products  before 
purchasers  through  the  exhibition  department.  The  present  year 
opens  with  a  number  of  new  exhibitors  and  enlarged  spaces-  have 
been  taken  by  others  who  have  been  using  these  excellent  facilities. 
Applications  should  be  made  to  Mr.  W.  H.  Rogers,  superintendent 
The  Bourse,  Philadelphia,  Pa. 


The  Holland  Company,  with  main  offices  in  the  Great  Northern 
Building,  Chicago,  have  opened  an  office  in  San  Francisco,  508 
Market  street,  with  Mr.  F.  F.  Small  as  Pacific  Coast  manager. 
Previous  to  his  connection  with  the  Holland  Company  Mr.  Small 
was  for  many  years  draughtsman  of  the  Southern  Pacific  Com- 
pany, and  recently  engineer  of  tests  on  the  Mexican  Central.  The 
Holland  Company,  besides  handling  their  own  patented  specialties, 
are  also  Pacific  Coast  representatives  of  the  H.  W.  Johns-Manville 
Company's  products ;  also  those  of  the  Dake  Engine  Company,  and 
sole  agents  for  the  JIarion  Malleable  Iron  Works  on  the  Pacific 
Coast. 


A  prospectus  of  the  Magnolia  Metal  Company  offering  $200,000 
of  7  per  cent,  preferred  stock  has  been  received.  This  issue  is  for 
the  purpose  of  increasing  the  working  capital  and  for  business  ex- 
tension due  to  the  large  expansion  of  business.  In  addition  to  the 
manufacture  of  Magnolia  Metal  and  Defender,  Mystic  and  Kosmic 
this  company  now  produce  every  grade  of  babbitt,  linotype,  stereo- 
type and  other  similar  metals.  The  steady  growth  of  tne  business  of 
the  company  has  been  noted  and  the  plan  of  increasing  its  capital 
will  undoubtedly  add  an  important  advantage.  Subscriptions  may 
be  sent  direct  to  the  Magnolia  Metal  Company,  511  West  Thir- 
teenth street.  New  York  City. 


The  New  York  Central  &  Hudson  River  Railroad  has  recently 
placed  an  order  with  Westinghouse,  Church,  Kerr  &  Co.  for  four 
Westinghouse-Corliss  engines  of  the  horizontal  cross-compound  type. 
These  engines  will  form  the  main  power  equipment  of  a  new  power 
station  in  process  of  erection  on  the  company's  property  at  Wee- 
hawken,  N.  J.,  which  will  supply  power  to  the  grain  elevators  and 
shops  there  located.  Two  of  the  engines  are  of  1,200-h.p.  normal 
capacity  and  the  remaining  two  of  700  h.p.,  each  pair  being  direct- 
connected  respectivel.v  to  7.50  and  400-kw.  polyphase  generators  of 
the  revolving  field  type.  They  will  operate  with  140  lbs.  of  steam 
.superheated  to  500  degs.  P.,  and  with  high  vacuum.  The  equipment 
also  includes  a  small  exciter  engine  of  the  Westinghouse  vertical 
compound  type. 


The  steam  turbine  equipment  of  the  Hartford  Electric  Light 
Company,  Hartford,  Conn.,  is  to  be  duplicated  in  the  near  future 
b.v  machines  manufactured  by  the  builders  of  the  original  installa- 
tion, the  Westinghouse  Machine  Company,  Pittsburg,  Pa.  The 
present  Corliss  engine  equipment  will  be  replaced  by  two  1,000-h.p. 
turbines,  direct-connected  to  revolving  field  polypha.se  generators. 
These  units  will  operate  in  parallel  with  the  1,300-kw.  unit  in- 
stalled one  year  ago  and  were  chosen  for  the  purpose  of  securing 
the  utmost  flexibility  and  economy  in  the  operation  of  the  plant. 
The  turbine  plant  will  operate  with  superheated  steam,  with  150 
lbs.  pressure  and  a  high  vacuum.  The  original  installation  created 
much  interest  among  engineers  and  power  users,  and  it  is  a  grati- 
fying reflection  that  the  first  American  steam  turbine  of  large  size 
has  given  such  immediate  satisfaction  as  to  warrant  an  extension 
of  the  turbine  equipment  and  the  relegation  of  the  steam  engine, 
after  one  year's  operation.  Although  the  Westinghouse-Parsons 
steam  turbine  has  been  on  the  market  less  than  four  years,  4.000 
kw.  of  turbine  machinery  have  been  put  into  service  and  75,000 
kw.  have  been  contracted  for.  The  Westinghouse  Machine  Com- 
pany find  it  necessary  to  build  a  new  turbine  shop  to  meet  in- 
creasing demands.  This  turbine  is  controlled  by  Westinghouse, 
Church,  Kerr  &  Co.,  New  York. 


Apbil,  1903. 
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RAILWAY    SHOPS. 


r.Y  B.  H.  SOULE. 


III. 


The  EKECTiNd  Shop. 


Ei-pclins  shops  may  be  broadly  grouped  as  either  longi- 
tudinal or  transverse;  longitudinal  when  the  stall  tracks  run 
lengthwise  of  the  shop,  transverse  when  they  run  crosswise. 
In  the  longitudinaj  shop  three  tracks  run  through  the  shop; 
in  the  transverse  shop  any  number  of  tracks  (according  to 
the  length  of  the  building)  run  across  the  shop.  In  the  longi- 
tudinal shop  the  overhead  traveling  cranes  for  lifting  engines 
must  be  two  in  number;  in  the  transverse  shop  but  one  such 
crane  is  required,  although  a  second  and  lighter  crane  on  a 
lower  level   is  often  provided.      In  the  longitudinal  shop  en- 


Bottom  Cliord  nf  Roof  Truss 


gines  are  brought  In  on  the  middle  track,  are  generally 
stripped  and  unwheeled  on  that  track,  jind  are  then  placed  on 
one  of  the  side  tracks  for  repairs.  In  a  transverse  shop  which 
ie  provided  with  an  adjacent  transfer  table,  engines  may  be 
run  in  on  any  track.  If  there  is  no  transfer  table,  engines  are 
biought  in  on  some  one  designated  track,  and  lifted  (over 
intermediate  engines,  if  necessary)  to  some  other  track:  they 
may  be  stripped  and  unwheeled  either  on  the  track  on  which 
they  are  brought  in,  or  on  the  track  on  which  they  are  subse- 
quently placed;  practice  varies  in  this  respect.  Fig.  1  Is  a 
typical  cross-section  of  a  longitudinal  ehop;  Fig.  2  of  a  trans- 
verse shop,  with  crane  equipment  on  one  level;  Fig.  3  of  a 
transverse  shop  with  crane  equipment  on  two  levels,  Fig.  4 
i.-  that  particular  modification  of  the  Fig.  2  type  which  la 
found  in  the  case  of  the  Raldwin  Locomotive  Works  at  Phllar 
delphia.  Tables  ],  2  and  3  give  the  essential  dimensions  and 
data  for  several  shops  of  each  type. 

First  considering  longitudinal  shops  in  connection  with  Fig. 
1  and  Table  1,  an  examination  of  column  B  discloses  a  marked 
tendency  to  increase  the  spread  of  the  tracks.  In  the  early 
shops  this  spread  was  18  ft.;  in  1902  a  spread  of  22  ft.  was 
common  practice,  and  in  1903  a  spread  of  24  ft.  9  in.  appears 
(in  the  case  of  the  new  Canadian  Pacific  shop  at  Montreal), 
while  it  is  also  known  that  another  road  intends  to  make  the 


Bottom  Chord  of  Roof  Truss 


wwr/, 


Kid.    1. — CH().SS-SECTION    OF   LONGITUDINAL   ERECTING    SHOP. 


FIG.    2. — CROSS    SECTION    OF    TRANSVERSE    ERECTING    SHOP.       CRANES 

ON    ONE    LEVEL.       WITH    OR    WITHOUT    TRANSFER    TABLES    AS    NOTED 

IN    TABLE    2. 


TABLE    1.- 

—DATA 

FOR    LONGITUDINAL 

ERECTING 

SHOPS. 

(See 

Fig. 

1.) 

Locc 

• 

5      stand 

ins 

■Sj 

Cap'y 

Approx.  Cross 

Section  Dimension 

s. 

Side- 

*^ 

J  o 

tracks 

9 

o 

only. 

Machine  Shop 

.a 

Horizontal. 

Vertical. 

gm 

'Z" 

Location. 

Place. 

R.  R. 

u 

s° 

P.5 

Cranes. 

s.  t.  =  sing. 

!- 

A 

B 

C 

D 

E 

F 

< 

Z 

b^ 

trolley. 

ft.  ins. 

ft.  ins. 

ft.  ins. 

ft.  ins. 

ft.  ins. 

ft.  ins. 

ft. 

ft. 

s.  t. 

Altoona.    Pa..    No.    1           Penna. 

1875 

57—0 

18—0 

10 — 6 

29—8 

21—11 

7- 

—9 

350 

18 

39 

2,  65-ton 

One    side.    sep.    bldg. 

Altoona,    Pa..    No.    2           Penna. 

1883 

57 — 0 

18—0 

10—6 

29—8 

21—11 

7- 

-9 

350 

18 

39 

2,  65-ton 

One   side,    sep.    bldg. 

N.  &  W. 

1883 

55 — 10 

18-0 

9—11 

28—4 

21—6 

6- 

—10 

245 

10 

49 

2.  40-ton 

One   side,    sep.    bldg. 

Burlington,    Iowa    . 

C.  B.  &  Q. 

1883 

56—6 

20 — 4 

7—11 

31—6 

23—2 

S- 

-4 

315 

12 

52 

2,  30-ton 

One  side,  same  bldg. 

Alt'na.Pa.  (Juniata) 

Penna. 

1S91 

60—6 

19—6 

10—9 

32-0 

24—1 

7- 

-11 

100 

6 

50 

2.  65-ton 

One   side,    sep.    bldg. 

B.   &  0. 

1896 

67 — 8 

19—0 

14—10 

28—4 

20—4 

R- 

-0 

624 

■M) 

41 

2,  50-ton 

One  side,  same  bldg. 

Concord,    N.    H.  .  .  . 

B.  &  M. 

1897 

65 — 4 

20-0 

12—8 

32-0 

24—0 

8- 

-0 

305 

14 

44 

2,  30-ton 

Both    sides,    same    bldg. 

Dubois,   Pa 

B.,  R.  &  P. 

1901 

67—4 

22-0 

11-8 

38-0 

27-0 

11- 

— 0 

340 

12 

57 

2,  50-ton 

Both    sides,    same    bldg 

Elizabethport,   N.    .T 

C.  R,  R.  of  N.  J 

1902 

79—4 

22-0 

17—8 

40—0 

30 — 0 

10- 

-0 

450 

18 

56 

2,  50-ton 

One  side,  same  bldg. 

U.    P, 

1902 

68-8 

23—0 

11-4 

40 — 0 

30—1 

9- 

—11 

400 

18 

44 

2,  50-ton 

One  side,  same  bldg. 

Topeka,  Kan 

A..  T.  &  S.  F. 

1903 

69 — 0 

23-0 

11—6 

41—8 

25-0 

Ifi- 

— s 

500 

22 

45 

2,  60-ton 

Both    sides,    same    bldg 

Montreal.    Can.    .  .  . 

C.    P. 

1903 

75—0 

24 — 9 

12—9 

36—6 

27 — 0 

9- 

—6 

900 

40 

45 

2.  60-ton 

One  side,  same  bldg. 

M.  C. 

1903 

70—4 

22-0 

13—2 

iO— 1 

27—6 

12- 

—7 

350 

14 

50 

2.  60-ton 

Both    sides,    same    bldg 

Portsmouth,  Ohio    . 

N.  &  W. 

1903 

68—2 

22—6 

11—7 

15—0 

28—0 

7- 

-0 

150 

6 

50 

2.  60-ton 

One   side,   sep.    bldg. 

TABLE  2.— DATA  FOR  TRANSVERSE  ERECTING  SHOPS  WITH  CRANES  ON  ONE  LEVEL.   (See  Fig.  2  ) 

Cranes, 
Approx.  Cross  Section  Dimensions.  gfi  §■      Available         s.  t.  =  sing. 

R.  R.  S  ™fl    Stall  Tracks.  trolley.  Machine  Shop 

or  Year  Horizontal.  Vertical.  £§  „  Spread        d.  t.  =  d'ble  Location. 

Place.  Loco.  Co.       built.       A  B  D  E  F  «: J  o      No.    CtoC.         trolley. 

With  Transfer  Table. 
Pt.  Ins.  Ft.  Ins.  Ft.  Ins.  Ft. Ins.    Ft.  Ins.       Ft.  Ft.  Ins. 

Bloomington.    Ill     C.  &  A.  1883     58—8     34 — 0     26—3     21 — 6       4—9       404       16     22—0    2  d.  t.  50-ton    One  side,  same  bldg. 

Schenectady    N.   Y Am.    Loco.    Co.  1892     61 — 0     34 — 0     34 — 0     27 — 6       6 — 6       317       17      17 — 0      2  d.t..  40-ton      One  side.  sep.  bldg. 

Burnaidc.  HI I.  C.  1892     74 — 6     67 — 6     31 — 6     21 — 0     10 — 6       550       24     22 — 0     1  d.t..  100-ton     One  side,  same  bldg. 

Depew     N.    Y NYC.         1893     65-0     36—0     34-0     22—6     11—6     {\%l\    46     20—0       2  dt,  60-ton      One  end.   sep.   bldg. 

Fond  du  Lac,  Wis W.  C.  1900     57—8     32—9     27—2     20—2       7—0       329       15     22— 0.   2  d.t..  30-ton      One  side,  same  bldg. 

Oelwein,    la C.    G.    W.        1900     57—4     35-0     33—6     26 — 4       7—2       390       13     25— o|  1  d.t.,' 65-ton    [One  side,  same  bldg. 

Brainerd,    Minn N.    P.  1900      (e.  s.  &  m.  s.  in  three  bays  130' over  all)   570        25     22— 0 1  jje*  bay°  only  } '^°^  ^'''*'   '^me  bldg. 

Hannibal,  Mo H.    &    St.    J.     1901     61—3     45—0     34—0     26—5        7—7       227        10     22— ej   i  d.t;  70-toS  }°°^  ^''^*'  °*™^  "'^^' 

Raring   Cross.    Ark M.   P.  1902     68—0  35—2     26—3       8—11     330       15     22— o(   i  a.tV,  70-ton  }°°*  "***■  ^*™^  '''^^' 

Oak  Grove,   Pa N.  Y.  C.         1903     68—6     40-0     40—0     28-0     12—0       425       19     22— o{  ^*|-j'-|°;j'°°  j One  side,  same  bldg. 

Without  Transfer  Table. 
Phil.-idelphia.    Pa B.  Loco.  Wks.     1891  See  Fig.  4.    (No    Pits  )  335       19     16—0      2  d.t..  100-ton     One  side.   sep.  bldg. 

Note:  The  heavy  cranes  at  Oelwein,  Hannibal,  Baring  Cross  and  Oak  Grove      are  "dummies."  1.  e.,  can  only  lift  by  their  own  mechanism;  the 
trolleys  are  moved  by  hand,  and  the  bridge  by  the  light  crane. 
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spread  25  ft.  at  proposed  new  shops.  This  means  that  the 
width  of  the  shop  between  crane  runway  posts  (dimension 
A)  must  be  at  least  76  ft.,  and  permits  the  free  movement  of 
engines,  when  hung  from  the  cranes,  between  other  engines 
standing  on  the  middle  and  side  traclvs.  Similarly  the  height 
of  shop  from  floor  to  roof  truss  (dimension  D)  has  increased 
until  40  ft.  appears  to  be  about  normal.  The  average  length 
of  track  occupied  by  each  engine  approximates  45  ft. 

Next,  considering  transverse  shops  in  connection  with  Figs. 
2  and  3  and  Tables  2  and  3,  it  is  evident  that  a  width  of  65  ft. 
between  crane  runway  posts  (dimension  A)  is  sufficient  fol 
slinging  and  handling  engines  by  the  overhead  cranes  even  in 

Bottom  Clioid  of  Root  Truss 


At  this  point  it  may  be  noted  that  in  longitudinal  shops  the 
track  pits  are  usually  continuous,  being  bridged  across  be- 
tween engines,  where  necessary;  in  transverse  shops  the 
length  of  pits  (dimension  B  in  Tables  2  and  3)  varies  greatly, 
but  40  ft.  may  be  taken  as  a  fair  average.  Ine  depth  of  pits 
does  not  appear  in  the  tables  but  has  been  found  to  average 
about  2  ft.  6  in.  The  width  of  pit  for  track  of  4  ft.  8^/2  in. 
gauge  comes  to  about  4  ft.  0  in. 

Examining  Table  5  It  is  found  that  the  transverse  shop 
requires  less  floor  space  than  the  longiUidinal  shop  by  24  per 
cent.,  and  less  volume  by  38,  14,  and  5  per  cent,  for  the  three 
types  respectively.  The  relative  costs  would  be  modified,  how- 
ever, by  the  crane  equipment,  and  in  f..cneral  the  crane  run- 
ways of  transverse  shops  without  transfer  tables  have  to  sus- 


Bottom  Chord  of  Roof  Truss 


FIG.    3. CROSS    SECTION    OP   TRANSVERSE    ERECTING    -SHOP. 

ON   TWO   I^VELS.      WITHOUT   TRANSFER    TAHLES. 


FIG.    4. — CROSS    SECTION   OF  ERECTING    SHOP.       B.^LDWIN  LOCOMOTIVE 

WORKS. 


TABLE   3.— DATA  FOR  TRANSVERSE  ERECTING   SHOPS   WITH   ORANES   ON  TWO  LEVELS.     \(See  Fig.  3.) 


Place. 

Dunkirk.   N.  Y. 

Richmond,   Va. 
Paterson,  N.   J. 

Reading,  Pa.    . . 
Collinwood,    O. 
McKees'    Rocks, 


R.  R. 
or 

Loco.  Co. 


Year 
built. 


Approx.  Cross  Section  Dimensions. 
Horizontal.  Vertical. 

B 


Am.  Loco.  Co. 
Am.  Loco.  Co. 


D  E  F  G 

Without  Transfer  Table. 
Ft.  Ins.  Ft.Ins.  Ft.Ins.  Ft.Ins.  Ft.  Ins.  Ft.  Ins. 
1S99  63—0     40—0  50—1  27—8     10—10  11—7 

1902  66—5  No  pits.  52—5  30—11  10—0     11—6 
Rogers  Loc.  Wks.1902  59 — 11   38 — 0  50 — 0  27 — 10  12 — 2     10 — 0 

P.   &  R.  1902  66—8     45 — 0  46—6  27 — 11   10—1       8—6 

L.  S.  &  M.   S.    1902  64 — 2     38 — 0  47—0  26 — 3     12 — 1       8—8 

Pa P.  &  L.  E.       1903  60—2  33 — 0     49 — 1  26 — 3     12 — 1     10 — 9 


cam 

.<|J  o 


Ft. 
255 

303 
261 

740  1 
740  J 
530 

528 


Available 

Stall  Tracks.     Cranes. 

■ou        s.  t.  =  sing. 
S  o  trolley, 

d.  t.  =  d'ble 
trolley. 


Machine  Shop 
Location. 


Go 


I  1  s.t.,  10-ton 

17  16— 0(1  d.t-.  120-tOB 

I I  d.t., 
16  15 — 5/1  d.t. 

\  1  d.t. 
70  20-0{l^dt-. 

23   22 — ol  1  >>■'■ 
\    1  s.t 

20   24-0  I  \  <'■'■ 
\   1  s.t 


side, 


30-ton 

120-ton 

25-ton 

120-ton 

35-ton. 

100-ton 

10-ton 
100-ton 

10-ton 


}oni 
I  One  end, 
\  One  end, 
[one  side, 
>0ne  side, 
>0ne  side. 


same  bldg. 
sep.  bldg. 
sep.  bldg. 
rsame  bldg. 

same  bldg. 

same  bldg. 


those  transverse  shops  which  have  no  transfer  table  (Fig.  3 
and  Table  3)  and  are  entirely  dependtint  on  overhead  cranes. 
Where  this  width  is  made  more  than  65  ft.  it  is  generally  done 
with  the  object  that  the  overhead  cranes  may  serve  a  fringe  of 
heavy  tools  which  are  placed  along  one  edge  of  the  erecting 
shop  bay.  In  the  five  transverse  construction  shops  the  spread 
of  stall  tracks  ranges  from  14  ft.  to  17  ft.,  which  makes  it 
hard  to  justify  a  spread  greater  than  20  ft.  in  the  transverse 
repair  shop,  especially  if  strippings  are  stored  elsewhere  than 
between  stalls  on  the  floor  level.  It  is  evident  that  the  height 
(dimension  D)  of  a  transverse  shop  equipped  with  cranes  may 
vary  between  the  extremes  of  35  ft.  and  50  ft.,  but  if  we  assume 
that  it  is  desirable  to  have  at  least  enough  head  room  to  lift  a 
boiler  over  an  engine,  40  ft.  becomes  the  minimum,  and  three 
heights  may  be  taken  as  representative  of  different  combina- 
tions, as  follows: 

TABLE     4. HEIGHTS     OF     TRANSVEKSE     ERECTING     SHOPS. 

Combination   1 — One  level    (Fig.   2)  ;    one  crane,   say  30  tons    to   lift 
boilers   over  engines;     one  dummy   crane,   say   75   tons,  to  unwheel    en- 
gines, but  not  to  lift  engines  one  over  another   (as  at  Oak  Grove). 
Transfer  table  required.      Height 40  ft 

(Combination  2 — One  level  (Fig.  2)  :  one  heavy  crane,  say  120  tons 
to  lift  engines  one  over  another  (as  at  the  Baldwin  Locomotive  Works). 
No  transfer  table  required.      Height 45  ft. 

Combination   3— Two  levels    (Fig.  3);    one  light  crane,   say  10  tons: 
one  heavy  crane    say  120  tons,  to  lift  engines  one  over  another    (as  at 
all  shops  in  Table  3). 
"^•sht   50    jj 


A  comparison  of  the  dimensions  of  the  typical  longitudinal 
erecting  shop  and  the  three  suggested  alternative  arrange- 
ments of  the  transverse  erecting  shop  is  given  in  Table  5. 


TABLE    5. DIMENSIONS    FOR    ERECTING    SHOPS    PER    ENGI 


Longi- 

Item.  tudlnal. 
Floor-space  dimensions  (In  feet)  .45x38 
Floor-space  area  (in  square  feet)  1,710 
Height  to  roof  truss   (in  feet) ...  40 

Volums    (In  cubic  feet) 68,400 


NE. 

-Transverse. — 


Conib'n  1.  Comb'n  2.  Comb'n  3 

65  X  20  65  X  20        65  x  20 

1300  1,300            1,300 

40  45                 50 

52,000  58,500         65,000 


tain  twice  the  load  at  any  given  point  that  the  runways  of 
longitudinal  shops  do,  because  the  maximum  load  must  be  car- 
ried by  one  crane  instead  of  by  two  as  in  a  longitudinal  shop. 
The  use  of  dummy  cranes  (see  foot  note.  Table  2),  however, 
imposes  their  maximum  load  on  crane  runway  posts  only, 
while  the  intermediate  girders  have  to  sustain  the  load  of  the 
adjacent  lighter  crane  only.  The  one  safe  basis  for  comparing 
costs  is  actual  estimate. 

The  relative  merits  of  the  longitudinal  erecting  shop  and  the 
transverse  erecting  shop  without  transfer  table  may  be  stated, 
in  part,  as  in  Table  6. 

For  very  large  installations  a  choice  may  be  made  between 
the  longitudinal  erecting  shop  and  the  transverse  erecting 
shop  without  transfer  table,  but  there  are  many  cases  of  small 
installations  where  a  transfer  table  is  required  for  handling 
passenger  cars,  and  may  also  be  conveniently  used  for  handling 
engines  in  and  out  of  an  erecting  shop.  Wherever  the  transfer 
table  is  used,  however,  to  give  access  to  a  shop,  efficient  light- 
ing and  heating  are  impaired,  bench  or  storage  room  is  sacri- 
ficed inside  the  building,  and  yard  room  outside. 

The  output  of  several  erecting  shops  of  both  the  longitudinal 
and  transverse  types  is  shown  by  Table  7,  which  also  shows 
the  machine  shop  floor  area,  and  the  variety  of  work  under- 
taken in  the  machine  shop,  as  these  are  perhaps  the  two  most 
important  influences  which  affect  the  output.  The  number  of 
locomotives  turned  out  per  stall  per  month  on  the  ten-hour 
basis  is  the  safest  criterion  for  making  comparisons,  as  over- 
time is  an  indefinite  quantity. 

Attention  is  called  to  the  fine  results  shown  for  the  longi- 
tudinal shops  of  the  Pennsylvania  Railroad  at  Altoona,  and 
the  Norfolk  &  Western  at  Roanoke,  on  repair  work,  and  for  the 
Schenectady  works  of  the  American  Locomotive  Company  on 
construction  work.  It  should  also  be  noted  that  these  are  all 
comparatively  old,  though  modern  shops,  and  have  had  the 
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great  advantage  of  perfecting  the  details  of  their  equipment 
and  organization,  whereas  the  many  shops  built  since  1900  are 
all  still  either  incomplctoly  equipped  or  organized.  Several 
of  the  railway  shops  listed  in  Taldc  7  are  turning  out  new,  as 
well  as  repaired,  locomotives,  liut  in  each  such  case  the  output 
shown  in  the  table  is  that  whicli  would  be,  or  actually  has 
been,  accomplished  were  no  new  engines  being  built. 

Among  the  repair  shops  Altoona  shows  the  largest  machine 
shop  floor  space  per  erecting  shop  stall.  The  case  of  Roanoke 
is  unique,  as  showing,  apparently,  a  small  machine  shop 
floor  space  per  engine.  The  erecting  shop  stands  ten  engines, 
and  on  that  basis  the  machine  shop  floor  space  is  2,590  sq.  ft. 
per  engine,  a  comparatively  high  figure;  but  an  adjacent 
round  house,  abandoned  for  road  work,  is  used  as  an  annex  to 
the  erecting  shop  and  stands  14  engines,  which  are  unwheeled 
and  wheeled  in  the  erecting  shop  and  hauled  back  and  forth 
between  erecting  shop  and  round  house  on  special  trucks. 
The  total  number  of  engines  under  erecting  shop  treatment 
being  24,  the  machine  shop  floor  space  is  reduced  to  1,079 
sq.  ft.  per  stall,  which  suggests  that  good  crane  facilities  per- 
haps have  quite  as  much  influence  on  output  as  does  liberal 
machine  shop  floor  space.  It  is  interesting  to  note  that  the 
principal  construction  shops  follow  a  much  more  uniform 
practice  in  providing  machine  shop  floor  area  per  erecting  shop 
stall  than  do  the  railway  repair  shops. 

In  considering  these  output  figures  it  should  be  borne  in 
mind  that  the  cost  of  the  work  done  has  not  been  touched 
upon,  and  that  it  does  not  necessarily  follow  that  where  the 
output  per  stall  is  largest  the  cost  per  unit  of  work  done  is 
the  least. 

The  storage  of  engine  strippings  in  repair  shops  is  not  re- 
duced to  any  uniform  practice,  and  is  worthy  of  more  con- 
sideration when  new  shops  are  being  designed.  The  use  of 
special  pits,  between  tracks,  for  this  purpose,  has  been  tried 
and  abandoned  in  certain  cases,  but  is  nevertheless  a  feature  in 
^ome  new  erecting  shops  now  under  construction.  The  indi- 
cations are  that  a  final  solution  of  this  problem  will  embody 
some  proper  provision  of  racks  and  bins  on  the  floor  level  and 
closely  adjacent  to  the  engines  under  repairs,  but  not  between 
stall  tracks. 

Although  the  longitudinal  erecting  shop  has  been  credited, 
in  the  foregoing,  with  great  flexibility  of  operation,  yet  its 
design  Is  quite  stereotyped;  on  the  other  hand,  the  transverse 
erecting  shop,  in  conjunction  with  adjacent  crane  served  bays, 
offers  opportunity  for  a  great  number  of  variations  and  com- 


TABLI!!    6 — LONGITUDINAI.    AND    TRAN8VEI1SB     BBECTINO     SHOPS     COMPABKD. 


Item. 

Longiludloal. 

Transverse. 

Layout. 

Can  be  placed  parallel 
to  general  lino  of  tracks 
and  entered  by  direct 
track    connection. 

It  placed  parallel  to 
Kenerai  line  of  tracks, 
muHt  bo  entered  by  turn- 
table. If  entered  by  di- 
rect track  connection, 
must  be  placed  crosswise 
to  general  line  of  traoks. 

Structural. 

Width  of  bays  fdlstance 
between  roof  trusses)  can 
be  determined  by  condi- 
tions of  economy  alone. 

Width  of  bays  murt  bo 
same  as  spread  of  stall 
tracks,  whether  economi- 
cal or  not. 

Compactnoas 
(say     for    shop 
with  20  engines). 

450  ft.  long  by  76  ft. 
wide.       Less   compact. 

400  ft.  long  by  85  ft. 
wide.       More   compact. 

Access  from 

other   shops. 

Must  b«  across  the  pits. 

Not  necessary  to  crou 
the  pits. 

Lighting     (day 
and    night). 

More   difficult. 

Easier   and   better. 

Lifting  engines. 

Engines  have  to  be  lift- 
ed only  high  enough  to 
clear  driving  wheels;  less 
time  consumed. 

Engines  have  to  be  lift- 
ed high  enough  to  clear 
adjacent  engines ;  more 
time    consumed. 

Moving  engines 
horizontally. 

Less  distance  under  av- 
erage  conditions. 

More  distance  under 
average    conditions. 

Dropp  ing  en- 
gines   onto    their 
wheels. 

More  use  of  cranes  and 
less  manual  labor  (in 
handling    wheels). 

Less  use  of  cranes  and 
more  manual  labor  (In 
handling    wheels). 

Flexibility      In 
general      use      of 
shop. 

Greater. 

Less. 

binations,  and  it  Is  entirely  possible  that  the  transverse  type 
may  find  favor  in  some  of  the  large  problems  of  the  future. 
(To  be  Continued.) 


Mr.  Arthur  M.  Waitt  has  resigned  as  superintendent  of 
motive  power  and  rolling  stock  of  the  New  York  Central  & 
Hudson  River  Railroad.  It  Is  understood  that  he  will  take  a 
well-earned  rest  after  having  been  connected  with  the  Vander- 
bilt  lines  for  the  past  fourteen  years. 


TABLE 

7— OUTPUT     OF   ERECTING    SHOPS 

OF    THE 

SEVERAL    TYPES. 

No.    locomotives   turned 

' 

Machln 

e  Shop. 

out 

per  month 

Nature  of  Worfc  tor 
-.,     which        machine- 

Railroad    or    Loco.   Year 

Number 

Floor  Space  (Sq.  Ft.). 

Ten- 

hour  has 

Is.     With  overtime 

shop     tool 

equlp- 

Place. 

Company. 

Built. 

of  Stalls. 

Total. 

Per  Stall 

Total. 

Per  Stall.  Total.  Per  Stall 

LONGITUDINAL    REPAIR 

SHOPS. 

Altoona,  Pa.,  No.   1 
Altoona.   Pa.,  No.   2 

Pennsylvania. 
Pennsylvania. 

1875 
1883 

18  1 
18  f 

120,350 

3,343 

115 

3.19 

140 

3.88 

Loco. 

repairs 

Roanoke,    Va 

N.   &  W. 

1883 

e.  s.  10  \ 
r.  h.  14  / 
12 

25,900 

1,079 

50 

2.08 

57 

2.33 

Loco. 

and  car 

repalrs 

C.   B.   &  Q. 

1883 

19,215 

1,601 

16 

1.33 

Loco. 

and  car  repairs 

B.  &  0. 

1896 

30 

82,756 

2,759 

35 

1.17 

Loco. 

and  car 

Concord     N    H  . .  . . 

B.    &    M. 

1897 

14 

18,300 

1,307 

15 

1.07 

Loco. 

and  car  repairs 

Elizabethport,   N.   J 

C.    R.   R.  of  N.   J. 

1902 

18 

31,500 

1,750 

25 

1.39 

Loco. 

and  car 

repairs 

U.  P. 

1902 

18 

42,700 

2.372 

22 

1.22 

Loco. 

Topeka,    Kan 

A..    T.    &    S.    P. 

1903 

22 

58,125 

2.642 

Not  yet  in  operation 

Loco. 

and  car 

Jackson.    Mith 

M.  C. 

1903 

1.  e.  s.  14  1 
t  e  s.     SI 

39,740 

1.806 

Not  yet  in  operation 

Loco. 

repairs 

C.  P. 

1903 

36 

94,500 

2,625 

Not  yet  in 

operation 

Loco. 

and  car 

repairs 

N.  &  W. 

1903 

6 

11,232 

1,872 

Not  yet  In 

operation 

Loco. 

repairs 

Notes. — e.  s.,  erecting 

shop ;    r.  h., 

roundhouse ;    1. 

e.  s.,  longitudinal  erecting  shop ;    t.  e 

s.,  transverse  erecting  shop. 

TRANSVERSE    KEPALE 

SHOPS. 

C.  &  A. 

16 

23.390 

1,462 

27 

1.69 

Loco. 

and  car 

repairs 

I.   C. 

1892 

24 

42,900 

1.787 

27 

1.13 

Loco. 

and  car 

repairs 

Depew,    N.    Y 

N.    Y.   C. 

1S93 

46 

30,540 

664 

53 

1.15 

Loco. 

repairs 

N.  P. 

1900 

25 

47,465 

1,898 

28 

1.12 

Loco. 

and  car 

repairs 

C.  G.  W. 

1900 

13 

24,180 

1.860 

18 

1.38 

Loco. 

and  car 

repairs 

Fond  du  I^ac    Vi^is  .  . 

W.  C. 

1900 

15 

21,142 

1,409 

Loco. 

and  car 

H.  &  St.   J. 

1901 

10 

19,272 

1,927 

12 

1.20 

Loco. 

and  car 

L.  S.  &  M.  S. 

1902 

23 

45,580 

1,982 

35 

1.52 

Loco. 

and  car 

repairs 

P.    &    R. 

1902 

70 

44,400 

634 

69 

.99 

Loco. 

repairs 

M.    P. 

1902 

15 

32.010 

2.134 

Loco. 

and  car 

repairs 

McKee's    Rocks     Pa. 

P.   &  L.   E. 

1903 

20 

52,272 

2,614 

Not  yet  in 

operation 

Loco. 

and  car 

repairs 

Oak    Grove,    Pa.  .  .  . 

N.    Y.    C. 

1903 

19 

21,250 

1,118 

Not  yet  m 

operation 

Loco. 

and  car 

repairs 

LONGITtrDINAL 

CONSTRUCTION    SHOPS. 

Alt'na,  Pa.  (Juniata) 

Pennsylvania) 

1S91 

8 

51,375 

6,422 

8.5 

1.06 

10 

1.25 

Loco. 

construction 

TRANSVERSE 

CONSTRUCTION   SHOPS. 

Philadelphia,    Pa.    .. 
Schenectady.  N.   Y .  . 

Dunliirk.   N.    Y 

Richmond,   Va 

Paterson,    N.    J 

Baldwin    Loco.    Wks.1891 
Amn.    Loco.    Co.      1892 
Amn.    Loco.    Co.     1899 
Amn.    Loco.    Co.     1902 

Rogers   Locg.    Wks.  1902    I 

60 
17 
17 
17 

16 

416,074 

116,555 

115,579 

56,097 

83,849 

6,935 

6.856 
6.799 
3,300 

E.see 

40 
30 
18 
20 

2.35 
1.77 
1.06 
1.26 

128 
50 
40 
25 

2.1 
2.! 

2.: 

1.- 

13 
)4 
!5 

17 

Loco. 
Loco. 
Loco. 
Loco. 
Loco. 

construction 
construction 
oonitructlon 
construction 
construction 
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THE    APPLICATION  OF    INDIVIDUAL  MOTOR  DRIVES 
TO    OLD    MACHINE    TOOLS. 


McKEES    ROCKS    SHOPS.— PITTSBURG  &  LAKE  ERIE  R.  R. 


BY    K.    V.    VVBU;IIT,    MECHANICAL  ENGINEEK. 


The  advantages  of  the  iudividual  motor  drive  for  machine 
tools,  particularly  on  tools  which  require  a  variable  speed, 
are  being  demonstrated  in  several  of  the  more  progressive  ma- 
chine shops  which  have  recently  been  equipped.  Judging  from 
the  very  satisfactory  results  reported  with  the  individual  drive, 
the  amount  of  attention  it  is  at  present  receiving  and  the  in- 
vestigations which  have  and  are  being  made  in  order  to  perfect 
it,  it  seems  that  its  use  may,  in  the  near  future, become  general. 
It  follows,  therefore,  that  the  problem  of  equipping  old  tools, 
or  rather  tools  which  are  now  in  use,  with  individual  motors 
promises  to  be  a  very  important  one,  and  tbe  question  nat- 
urally presents  itself  as  to  whether  it  will  pay  to  thus  equip 
tools  which  have  not  been  specially  designed  for  motor  driv- 
ing. At  the  same  time,  we  must  determine  whether  the 
design  of  the  tool  is  such  that  when  thus  equipped  we  can 
make  use  of  the  better  grade  of  tool  steels  which  have  lately 
been  put  on  the  market.  In  some  cases  it  will  be  found  that 
the  construction  of  the  tool  is  so  light  or  so  badly  designed 
that  it  will  be  impossible  to  take  advantage  of  the  larger  cuts 
or  the  higher  cutting  speeds  which  these  new  tool  steels 
permit. 

The  question  as  to  whether  it  will  pay  to  thus  equip  a 
machine  will  of  course  depend  upon  several  considerations, 
such  as  the  particular  system  of  individual  drive  which  is  to 
be  used,  the  design  of  the  machine,  the  work  it  will  be  required 
to  do,  the  range  of  speed  desired,  etc.  In  most  cases,  if  the 
machine  is  in  good  shape  and  the  nature  of  the  work  and  the 
conditions  such  that  the  close  speed  regulation  thus  afforded 
can  and  will  be  used  to  advantage,  it  will  probably  pay  f- 
change  it;  but  no  general  rule  can  be  laid  down,  and  it  will 
be  found  necessary  to  carefully  consider  each  machine  by  itself. 
As  an  illustration,  it  was  found,  in  considering  the  applica- 
tion of  a  motor  drive  to  a  certain  machine,  that  the  speed  as 
driven  by  a  belt  was  such  that  on  certain  grades  of  work  con- 
siderable time  was  necessarily  lost  on  account  of  not  having 
a  variable  speed  and  a  close  speed  regulation.  The  cost  of 
changing  this  to  an  individual  motor-driven  tool  and  in  chang- 
ing certain  parts  of  the  running  gear,  in  order  to  make  them 
strong  enough  to  take  advantage  of  a  better  tool  steel,  seemed 
excessive.  Upon  ascertaining  the  price  of  a  new  machine  that 
would  do  similar  work,  however,  it  was  found  that  it  would 
be  a  decided  advantage  to  fit  up  the  old  tool,  which  was  other- 
wise in  good  condition  and  which  would,  when  thus  fitted  up, 
be  practically  as  good  as  a  new  machine. 

In  some  cases,  all  that  will  be  required  will  be  the  necos 
sary  electrical  apparatus  and  the  gears,  or  silent  chain,  to 
connect  the  motor  to  the  machine.  Others  may  require 
brackets  for  the  motors,  new  runs  of  gearing,  stronger  run 
ning  parts,  or  new  means  of  driving  the  feed  mechanism, 
lubricating  pumps,  or  hoists.  Ply-wheels  may  have  to  be  used 
on  planers,  shapers  or  Blotters  to  protect  the  motor  from  the 
sudden  heavy  shocks  due  to  reversal.  Where  new  runs  of 
gearing  are  added,  clutches,  or  some  means  of  throwing  the 
gear  in  and  out,  will  need  to  be  provided. 

In  planning  for  their  new  shops  at  McKees  Rocks  the  Pitts- 
burg &  Lake  Erie  Railroad  have  just  completed  designs  for 
equipping  about  thirty  of  their  present  belt-driven  machines 
with  Crocker-Wheeler  Company  motors  for  individual  driv- 
ing, using  the  four-wire  multiple-voltage  system.  The  pur- 
pose of  this  article  will  be  to  show  how  these  designs  were 
worked  up  and  to  consider  in  detail  some  of  the  changes  made. 
In  these  shops  the  individual  motor  drive  will  be  used 
almost  exclusively  for  the  machine  tools,  except  on  the  very 
light  machines,  and  in  order  to  bring  out  more  clearly  some 
questions  of  design,  which  will  be  treated  later,  it  might  be 
well  to  briefly  consider  the  reasons  which  influenced  the  man- 


agement to  take  such  a  radical  step  from  ordinary  railroad 
shop  practice. 

P'irst. — The  most  important  reason  was  the  advantage  lo 
be  gained  by  closer  speed  regulation.  We  find  that  on  most 
of  the  belt-driven  tools  the  average  increase  of  speed  per  step 
is  about  50  per  cent.  For  instance,  the  spindle  speeds  migiit 
run  as  follows:  10,  15,  23,  35,  53,  70,  etc.  It  was  found  by  closely 
watching  the  work  on  these  machines  that  while  in  many 
cases  the  speed  was  evidently  too  low  for  a  given  piece  of 
work,  yet  the  increase  of  speed  to  the  next  step  was  so  great 
that  the  tool  steel  could  not  stand  it.  The  controller  to  be 
used  in  these  shops  is  such  that  the  average  increase  of  speed 
per  step  will  be  about  10  per  cent.,  i.  e.,  10,  11,  12.1,  13.3,  14.6, 
16.1,  etc.  It  will  therefore  be  seen  that  the  output  per  ma- 
chine and  therefore  per  man  should  be  considerably  increased, 
since  it  will  be  possible  to  more  nearly  approach  the  working 
limit  of  the  tool  steel.  In  the  ordinary  shop,  the  labor  item 
is  the  largest  single  item  of  expense,  and  the  saving  of  a  small 
per  cent,  of  a  man's  time  will  amount  to  quite  an  item  at  the 
end  of  a  year. 

Second. — It  permits  of  great  ease  of  ?.p°ed  regulation.  The 
controller  can  be  placed  at  the  most  convenient  point,  or,  if 
advisable,  two  or  more  handles  can  be  provided  at  different 
parts  of  the  machine.  In  the  case  of  a  lathe,  the  handle  can 
be  arranged  to  travel  with  the  tool  carriage.  With  the  bel'.- 
driven  machine  more  or  less  time  is  always  lost  in  throwing  a 
belt,  and  a  negligent  operator  will  not  always  take  advantage 
of  a  change  of  speed  on  account  of  the  exertion  required  to 
make  the  change. 

Third. — It  allows  head  room  for  cranes.  A  traveling  crane 
can  be  used  to  great  advantage  in  a  railroad  machine  shop, 
particularly  for  serving  the  larger  machines. 

Fourth. — Increased  light  and  cleanliness  results.  Upon  en- 
tering the  machine  and  erecting  shop  of  the  Lake  Shore  & 
Michigan  Southern  Railway  at  Collinwood  one  of  the  most 
noticeable  features  is  that  part  of  the  shop  which  is  occupied 
by  individual  motor-driven  tools.  For  a  moment  or  two  it  is 
hard  to  realize  you  are  really  in  a  machine  shop,  the  contrast 
with  some  of  our  older  shops  being  so  great.  With  plenty  of 
light  and  the  absence  of  dust  and  dirt  caused  by  shafting 
and  belts,  a  workman  surely  ought  to  be  inspired  to  do  better 
and  more  efficient  work. 

Fifth. — The  machines  6an  be  placed  to  the  best  possible 
advantage,  and  if  it  should  be  necessary  to  rearrange  them  it 
can  readily  be  done. 

Sixth. — If  it  is  necessary  to  work  a  few  machines  overtime 
a  lot  of  power  will  not  be  wasted  in  running  a  shop  full  of 
shafting. 

Seventh. — When  a  machine  is  not  running  it  is  not  using 
any  power,  whereas,  in  a  belt-driven  shop  the  shafting  is 
always  running.  Experiments  have  demonstrated  that  in  an 
ordinary  machine  shop  the  shafting  requires  as  much  or  more 
power  than  the  average  power  required  to  run  the  machines. 
Of  course  the  loss  of  power  in  transforming  the  mechanical 
energy  into  electrical,  carrying  it  from  the  power  house  to 
the  machine  tool  and  re-transforming  it  back  into  mechanical 
energy  to  some  extent  offsets  this,  but  the  efficiency  of  the 
generator  and  motor  is  quite  high  and  these  losses  are  not 
nearly  as  great  as  those  involved  in  the  use  of  shafting. 

Eighth — Additional  tools  can  readily  be  added  to  the 
equipment. 

Ninth — The  absence  of  shafting  simplifies  the  construc- 
tion of  the  building. 

To  partially  offset  these  advantages  we  find  the  following 
disadvantages: 
First. — Greater  first  cost;  and 

becond-^Uepreciation  is  greater  and  motors  require  more  at- 
tention. (This  item  should  not  amount  to  much,  however, 
as  the  motors  are  now  made  in  a  very  substantial  manner 
and  require  very  little  attention. 

The  expense  of  training  the  men  to  take  advantage  of  the 
closer  speed  regulation  must  also  be  considered,  for  it  is  here 
that  the  greatest  gain  over  the  old  system  is  to  be  made. 
While  no  definite  plans  Jiavg  as  yet  been  adopted,  this  diffi- 
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culty  will  probably  be  met  in  the  following  raunner:  A  plate 
will  be  placed  on  each  machine  to  show  the  different  spindle 
speeds  for  each  position  of  the  controller  handle  with  each 
run  of  gears,  if  (lioro  is  more  than  one  run.  As  soon  as  the 
machines  are  installed  in  the  shop  a  careful  set  of  tests  will 
be  made  to  determine  as  closely  as  possible  the  working  limits 
of  the  tool  steel  on  each  of  the  different  classes  of  work  to  be 
done  on  ea<'h  machine.  These  results  can,  of  course,  only  he 
approximate.  The  Crocker-Wheeler  Company,  in  a  series  of 
tests  at  their  works,  found  that  the  norse-power  required  on 
the  same  piece  of  work  varied  as  much  as  30  per  cent.,  de- 
pending on  the  shape  of  the  cutting  tool  and  the  sharpness 
of  its  edge.  This  difference  can  prol)ably  be  overcome  to  a 
large  extent  by  grinding  the  tools  on  a  universal  grinder. 
The  difference  in  the  chemical  composition  and  the  physical 
characteristics  of  the  same  kind  of  material  is  such  that  the 
results  to  be  gained  by  these  tests  will  probably  vary  con- 
siderably; but  by  planning  the  work  according  to  the  aver- 
age results  we  ought  to  approach  very  much  nearer  the 
working  limit  of  the  tool  steel  than  with  the  present  system 
of  drive.  The  serious  part  of  the  problem  will  be  to  work 
up  this  information  in  such  shape  that  the  operator  of  a  ma- 
chine, who  may  not  be  a  man  of  great  intelligence,  can  easily 
grasp  it  and  may  know  what  cutting  speed  to  use  on  a  given 
piece  of  work.  We  expect  to  overcome  this  by  drawing  up 
a  series  of  tables  which  will  be  simple  and  easily  understood. 

To  those  wishing  to  more  fully  investigate  the  questions 
involved  in  the  use  of  individual  motors,  the  following  refer- 
ences may  be  of  interest: 

"The  Requirements  of  Machine  Tool  Operation,  with  Special 
Reference  to  the  Motor  Drive."  By  Charles  Day;  paper  read 
before  New  York  Electrical  Society,  December,  1902.  "The 
Power  Question — Locomotive  Repair  Shop."  By  R.  W.  Stovel; 
paper  read  before  the  Hallway  Club  of  Pittsburg,  February, 
1902.  "Electric  Equipment  in  Modern  Machine  Shop  Prac- 
tice." By  F.  B.  Duncan;  paper  read  before  the  Engineers 
Society  of  Western  Pennsylvania,  May,  1902.  "Continuous 
Current  Motor  for  Machine  Tools.'  By  F.  O.  Blackwell; 
paper  read  before  the  American  Institute  of  Electrical  Engi- 
neers. November.  1902. 

Upon  undertaking  the  work  of  drawing  up  plans  for  chang- 
ing the  machines  to  take  motors,  we  found  very  little  infor- 
mation on  file  as  to  the  runs  of  gearing  and  the  spindle  speeds 
of  the  different  machines.  The  first  step,  therefore,  was  to 
get  together  this  data.  At  the  same  time,  each  machine  was 
given  a  number  for  convenience  in  handling  sketches,  draw- 
ings and  correspondence.  The  following  shows  this  data  for 
one  of  the   machines: 


DATA   FOR    LATHE    NO.    6. 

Spindle  Speeds.  R.  P.  M. 

Minimum — Back    gear    in 6% 

Maximum — Back   gear   in 41 

Minimum — Single  gear  69 

Maximum — Single   gear 438 

31-95  X  24-84  =  1-10.7  back  gear  ratio. 


The  next  step  was  to  determine  the  new  range  of  speeds 
desired,  and  it  was  decided  to  base  these  on  a  tool  steel  which 
would  take  a  heavy  cut  at  50  or  60  ft.  per  minute.  The  min- 
imum speed  on  a  machine  cutting  various  diameters  would 
therefore  be  for  the  heaviest  cut  on  the  largest  diameter,  while 
the  maximum  speed  would  be  for  a  light  cut  or  for  filing  on 
the  smallest  diameter  of  work.  In  the  case  of  such  machines 
as  shajjers  and  slotters  it  was  not  so  much  a  matter  of  what 
the  tool  steel  would  stand  as  the  speed  the  machines  them- 
selves would  stand,  and  this  was  aetermined  by  running  the 
machines  at  the  maximum  speed  with  the  belt  and  roughly 
estimating  how  much  more  they  would  stand.  A  number  of 
experiments  were  made  on  the  machines  by  taking  large  cuts 
at  as  high  speeds  as  possible  to  see  how  they  would  stand  up. 
Some  of  them  appeared  too  light  and  it  was  decided  not  to 
fit  them  up.  A  number  of  tests  were  also  made  with  Mushet 
steel  to  get  some  idea  of  its  limitations.  P'ollowing  are  a  few 
examples  of  the  above  series  of  tests,  which,  while  not  of 
especial  value,  may  be  of  interest: 


Machine. 


o  Ui 


Material. 


O  -  S^  -Z  o  . 
~x  -»5  St; 
■  t.      *i  ffiS     *^  £ 

Q °  o 3  =<  fia>S   as 

z 

In         In.  Ins.  Ft. 

Boring     null.  .  ..Mushett      ,14  3-32  2  Steel   tire          44  24  2  rev. 

Axle    lallie    ...Mu.shetl       14          %  2  Steel  axle  ...  52  

Wheel    lathe     ..Mushett    .5-l(j  1-12  2  Steel   tire           ...  15  4  min 

Lathe    No.    9...  Mushett       1/4  1-16  1  Steel  crank  pin    6'4  36  20  rev. 

Lath^   No.    10.  .Mu.-<hett       14  3-32  1  Steel  crank  pin    6'/,  42  1 3  rev 

Lathe    No.    (j...  Mushett    3-16  1-36  1  Steel  crank  pin    6'/i  72  36  rev 

Lathe    No.    11.. Mushett       (4  1-18  1  Steel  crank  pin    6'/i  32  18  rev 

Lathe    No.    IS..  Mushett       14  1-32  1  Steel  crank  pin       6  62  31  rev. 

Lathe    No.    19..  Mushett       '4  3-64  1  Steel  crank  pin    5%  34  12  rev. 

Lathe    No.    8...  Mushett    3-16  1-32  1  Steel  crank  pin    d^  36  32  rev. 

McKees    Rocks   Shops.  S-18-'02. 

Having  determined  the  range  of  speed  and  the  maximum 
cuts  to  be  taken  on  each  machine,  the  next  question  to  be 
considered  was  the  amount  of  power  it  would  require.  Tests 
have  shown  that  the  horse-power  required  depends  practically 
on  the  amount  of  metal  removed  per  minute. 

The  Crocker-Wheeler  Company,  with  this  as  a  basis,  have 
devised  the  following  formula  for  nnding  the  horse-power 
required  for  a  given  cut; 

H.P:=  feed  X  cut  X  cutting  speed  per  minute  in  inches  X 
number  of  cutting  tools  X  a  constant.  -  ■ 

An  extensive  series  of  tests  made  by  them  shows  the  value 
of  this  constant  to  be  from  .35  to  .5  for  cast  iron  and  from  .45 
to  .7  for  steel,  depending  on  the  hardness  of  the  material.  For 
instance,  considering  the  fourth  case  in  the  above  table  we 
have: 

1/16  X  14  X  36  X  12  X  1  X  .7  =  4.7    H.P.    (Maximum). 

For  turning  steel  tires  we  arbitrarily  assumed  that  the  con- 
stant would  be  1,  since  this  steel  is  very  hard. 
I  To  be  continued.) 


The  high-speed  steam  railway  competition,  which  was  in- 
augurated about  a  year  ago  by  the  German  Society  of  Mechani- 
cal Engineers,  has  resulted  in  no  prizes  being  awarded,  five  of 
the  plans  submitted  only  being  given  honorable  mention.  It  is 
now  under  consideration  to  submit  a  closed  competition  be- 
tween the  five  more  successful  engineers  under  specifications 
of  a  more  practical  nature.  In  the  last  year's  competition  it 
was  specified  that  the  steam  locomotives  were  to  be  designed  to 
be  powerful  enough,  and  to  be  capable,  with  the  cars,  of  with- 
standing the  high  speed  of  90  miles  per  hour,  a  train  speed 
which  has  been  thoroughly  demonstrated  both  here  and  abroad 
to  be  far  beyond  the  limits  of  possibility  imposed  by  the  track 
and  road-bed  conditions  of  the  best  railway  lines. 


The  limit  of  high-speed  operation  of  machine  tools  is  not 
determined  by  the  cutting  tools,  or  by  the  ability  of  the  drive 
tc  vary  its  speed  and  pull  the  cut,  but  is  to  be  found  in  the 
stability  of  the  machine  itself.  Machine  tools  have  been  de- 
signed much  too  light  in  the  past  to  withstand  the  duty  im- 
posed by  modern  methods  of  operation,  as  with  the  Novo. 
Taylor-White,  and  other  high-speed  tools  cutting  speeds 
ranging  from  40  to  100  ft.  per  minute  have  been  rendered 
practicable,  whereas  10  to  20  ft.  per  minute  was  formerly  con- 
sidered "good  practice." 
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EXPERIMENTAL   TANDEM  COMPOUND  FREIGHT 
LOCOMOTIVE. 


3 


2—8 — 0   Type. 


NEW    rOBK    CENTBAL    &    HUDSON    BIVKB   BAII.BOAD. 


About  four  years  ago  this  road  began  a  policy  of  building 
heavier  locomotives,  although  its  grades  are,  as  a  rule,  very 
light.     The  capacity  has  increased  with  every  new  design   in 
freight  service,  but  the  advance  has  been  very  gradual.     This 
road  rates  its  engines  on  a  percentage  basis,  a  100  per  cent, 
engine   being   one   with    a   drawbar    pull    of    100,000    lbs.     Of 
course,  this  figure  will  never  be  reached  and  the  rating  need 
never  be  disturbed  or  changed.    Early  in  the  year  190]  a  num- 
ber of  2 — 8 — 0  type  engines  were  built  for  this  road    (A.mkki- 
CAN   Enginebr,   March,   1901,   page  83),   which   were    rated   at 
38.5  per  cent,  on  this  basis.    These  were  designated  Class  G-1, 
and  were  soon  followed  by  Class  G-2  of  the  same  wheel  ar- 
rangement, but  with  the  dimensions  and  weights  given  in  the 
table  which  appeared  in  the  inset  with  the  June,  1902,  num- 
ber of  this  journal.     This  class  is  rated  at  39.1  per  cent.,  and 
66  of  them  are  now   in  service.     These  are   all  two-cylinder 
Schenectady  compounds,  and   are  able  to  haul   4.000  tons   of 
coal   in  trains  of  90  cars   between   Buffalo   and   Albany   with 
help    at   the    heaviest    grades.      They    are    not    used    between 
Albany  and  New  York.     The   limits  for  trains  on  this  road, 
however,  is  3,000  tons  or  80  cars.     This  design  was  another 
step  toward  heavier  and  more  powerful  engines,   and  as  the 
35-in.  low-pressure  cylinder  of  the  Class  G-2  was  considered  the 
limit  for  the  two-cylinder  compound  for  this  road  it  was  de- 
cided that  the  tandem  cylinder  arrangement  offered  the  most 
favorable  opporunity  for  an  increase  in  capacity.     Instead  of 
trying  the  tandem  experiment  on  a  large  scale,  another  of  the 
G-2  class  was  built  exactly  like  the  others,  except  in  the  details 
involved  in  the  use  of  tandem  cylinders.     This  is  known  as 
Class  G-2  A,  and  as  it  is  a  step  toward  a  much  heavier  and 
more  powerful  design  of  this  type  it  is  placed  on  record  here. 
Careful   and   systematic   progress   in   increasing   capacities   of 
locomotives,  particularly  with  new  types  of  this  character,  is 
commendable,   and   the   larger   engines   constituting  the   next 
advance  will  be  mor«  successful  because  of  the  experience  with 
this  experimental  engine.     The  next  class,  G-4,  will  have   16 
and  30  x  30  in.  tandem  cylinders,  and  the  weight  on  driving 
wheels  will  be  about  200,000  lbs. 

The  experimental  engine  is  an  adaptation  of  Class  G-2,  it 
has  the  same  boiler  and  running  gear,  and  the  cylinders  and 
valves  follow  the  plan  of  the  first  Schenectady  design  of  tandem 
compound  for  the  Northern  Pacific  (American  Engineer,  Sep- 
tember, 1901,  page  271),  the  cylinder  being  the  same  size  as 
those  of  the  Northern  Pacific.  The  same  form  of  metallic  sleeve 
Ig  used  for  the  piston  rod  where  it  passes  througn  the  head  be- 
tween the  nigh  and  low  pressure  cylinders,  and  the  valve  for 
converting  from  compound  to  simple  and  the  reverse  is  the 
same  in  principle  as  the  earlier  form  operated  by  a  rod  from 
the  cab.  This  valve  is  shown  in  one  of  the  illustrations.  The 
cylinders,  however,  nave  undergone  a  marked  change,  which 
seems  to  be  a  decided  improvement.  Instead  of  a  double-bar 
frame  at  the  cylinders  a  single  10-in.  slab  is  used  and  the 
stresses  are  brought  as  nearly  as  possible  from  the  center  of 
the  cylinder  to  the  center  of  the  frames.  This  permits  of 
avoiding  tortuous  steam  passages  and  the  cylinder  structure 
is  not  weakened,  as  it  has  been  sometimes,  to  provide  for  a 
double-bar  frame.  Furthermore,  the  cylinder  fastenings  may 
be  made  stiffer  and  stronger.  This  appears  to  be  a  most  im- 
portant improvement.  A  number  of  interesting  details  will 
be  brought  out  in  connection  with  the  new  and  heavier  class 
wnich  is  soon  to  be  built. 

Experience  with  this  experimental  engine  has  been  satisfy- 
ing in  every  respect,  but  it  has  been  thought  desirable  to  pro- 
vide for  automatic  lubrication  of  the  piston-rod  sleeve  between 
the  cylinders.  On  ths  new  engines  this  will  be  done.  The  indi- 
cator cards  shown  are  interesting  because  they  exhibit  the 
effect   of   the   absence   of   a   receiver   on   the   tandem   engine. 
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They  are  presented   in   comparison   with   cards  from   one   of 
-the  U-2  class. 

For  convenience   in   comparison   the   following   ratios   have 
been  worked  out  for  the  experimental  engine: 


Heating  surface 

Volume  H.  P.  cylinders  ' 

Adhesive  weight 

Heating  surface 

Adhesive  weight 

Tractive  effort 

Tractive  effort 


=     Bll 


172,500 


Heating  surface 

Heating  surface 

Grate  area 


3,480  — 

49.57 

172,500 
39,100  ~ 

4.4 

39,100 
3.480  — 

11.2 

3,480 

M 

50.3 


Tractive  effort  X  diameter  of  drivers 


:707 


Heating  surface 

Last  summer  a  series  of  test  runs  were  made  in  freight  ser- 
vice to  compare  one  of  the  cross  compounds  with  the  tandem, 
the  engines  being  alike  except  for  the  system  of  compounding. 
In  the  accompanying  record  No.  2399  is  the  tandem  and  No. 
2374  the  cross-compound.  Helper  engines  were  used  out  of 
DeWitt  and  on   other  grades.     Five  water  stops   were  made 


U^i'Jiii- 


FEAME  CONSTRUCTION   AT  CYLINDERS. 


on  each  trip.  Water  meters  were  used  to  record  the  amount 
of  water  used.  Finely  broken  bituminous  coal  was  used  and 
the  same  quality  was  used  for  both  engines.  It  was  weighed 
on  platform  scales  at  both  terminals.  Both  engines  had  the 
same  size  exhaust  nozzle,  514  ins.  The  boiler  performance  of 
the  tandem  was  lightly  better  than  that  of  the  cross-compound, 
but  the  coal  record  per  ton-mile  was  slightly  in  favor  of  the 
cross-compound;  the  difference,  however  was  not  sufficient 
to  be  of  importance.  Indicator  cards  are  shown  for  both  of 
the  engines. 


ROAIt  TEST  OF  LOCOMOTIVES  NOS.  2398  AND  2374-MOHAWK  DIVISION.    FREIGHT 

SERVICE 

0 

Date.       1                       Trip. 

0 

July  29.  '02  2399  DeWitt  to  West  Albany 

£ 
■Sj8 

72 

139     3217  447165  .0429 

h:  la  la  I-.3 

Se-J  h&hk^  e- oJ  ?:  a-"] 
.30il3     19  79138340   7.21 

Water  Evap. 
?"  per  Lb.  Coal 
•^    from  and  at 

212°  F..  Lbs. 

£    Average 
r=    Steam 
"    Pressure. 

g    Aver.  Temp. 
Feed-Water, 
Degrees. 

a 
o  , 

M 

bri.mln. 
11    53 

a 
ll 

hrs.mln. 
2    13 

a 
Kg 

3  5c 

■s.s 

<  a 

lirB.mln 

9    40 

Aver.  Speed 
K    While 
•^    Running, 

Miles  per  Hr. 

3    . 
12 

■«)ttC5t 
39.1 

July  31,  '02  2399  DeWitt  to  West  Albany 

r. 

139 

62 

3^^^153451    Q459 

.3158     20840  143210   6.87 

8.23 

184 

72.5 

11 

7 

1 

51 

9 

16 

15.4 

9 

44.7 

Average. .    -2399  DeWitt  to  West  Albany 
Aug.  4.  '02  2374  DeWitt  to  West  Albany 
Aug.  6,  '02  2374  DeWitt  to  West  Albany 

74 

76 
80 

iio' 

139 

3231  449107  .0444 
3221  449540    0434 
3136  435904  .1434 

.3166     ■-•0009  141877    7.04 
.30.i6      19496  p37400    8.05 
.3092      1893U  134784    7.12 

8.36 
8.5 

8  7 

183 
189 

177 

67.5 
71.88 
71.3 

12 
12 
12 

26 

3 

30 

2 
2 
2 

24 
37 
43 

10 
9 
8 

2 
26 

47 

14.08 
14.9 

15.8 

11 

17 
10 

42.9 
41.2 
43.2 

Aug.  8,  '02   2374  DeWitt  to  West  Albany 

{65 

139 
15 

3'^  440805  .0436 

.3185      19230  140400    7.30 

8.39 

178.3 

67 

12 

34 

2 

54 

9 

40 

14.4 

15> 

37.4 

Average  ..  2374  DeWitt  to  West  Albany 

74 

3173  441565    C435 

.3111      19219  1375^8   7.16 

8.53 

181.4 

70 

12 

32 

a 

45 

9 

18 

15.0 

14 

40.6 

SUMMARY.    AVERAGE 

RESULTS. 

.     .     .   .  2399  DeWitt  to  West  Albany 

74 
74 

3^1449107    .0444 
3173  441565    .0435 

....    1.7%    2.0°S 

.3166     20009  141877    7.04 
.3111      19-230  137628    7.16 

1.7".'    3.8%    3.1%    1.7% 

8.36 
8.53 

2.0% 

1S3 
181.4 

0.87% 

67.5 
70 

12    26 
12    3i 

0.8.»-i 

2    24 
2    45 

14.6% 

10 
9 

8.9 

2 

18 

14.08 
15.03 

6.7% 

11 
14 

2.7% 

42.9 

«374  DeWitt  to  West  Albany 

40.6 

%  Difference  ) 

5.3% 

2399 J 

Card 

No. 


1* 
3* 
11 


R.  P.  M. 


42 
48 
121 


NO.  2374 — CROSS  COMPOUND. 


TTsin 
Velocity. 
Miles  per 

Hour. 

7.93 
9.08 
23.43 


Reverse 

Throttle. 

Boiler 
Pressure. 

Lever 
Notch. 

H.  P. 

Average. 

L.  P. 
Average. 

H.  P. 

L.P 

Total. 

3 
5 
17 

Full 
Full 
Full 

165 
195 
175 

139 

144  8 
53.2 

58.65 

42.3 

33.6 

408.65 

486.5 

461.75 

402  6 
331.85 
579.5 

811.25 
818.35 
1041.25 

Freight  service,  August  8,  1902. 
DeWitt  to  West  Albany.  139  miles. 
Time  on  road,  12  h.  30  m. 
Time  standing,  2  h.  43  m. 


Actual  running  time,  8  h.  47  m. 
Average  speed,    15.8   m.   p.    h. 
Number  of  cars,  80. 
Weight  of  train,  3,136  tons. 


•Cards  1  and  3  taken  with  engine  working  simple. 


Card 
No. 


i 

10 


14 


R.  P.  M. 


72 
108 


72 


Train 
Velocity, 
Miles  per 

Hour. 


13.60 

•20.41 


NO.  2399 — TANDEM  COMPOUND. 
M.  E.  P. 


I.  H.  P. 


Reverse 
Lever 
Notch. 


10 
19 


Throttle. 


Full 
Full 


Boiler 
Pressure. 


192 
180 


Left  Cylinders. 


Left  Cylinders. 


H.P. 
Average. 


126 

84.2 


L.  P. 
Average. 


43 
•24.5 


HP. 

Average. 


269.75 
270.4 


L.P. 

Average. 


325.55 
278.7 


Card  Taken  from  Test  of  July  31,  1902. 

12.96  14  Full  194 

Freight  service.  July  29.  1902. 
DeWitt  to  West  Albany.  139  miles. 
Time  on  road.  11  h.  53  m. 
Time  standing.  2  h.  13  m. 


Engine  Working  with  "Starting"  Valve  Open. 

62.2  49.1  133.15  371.61 

Actual  running  time.  0  h.  40  m. 
Average  speed.  14.4  m.  p.  h. 
Number  of  cars,  72. 
Weight  of  train.  3,217  tons. 


Total. 


595.80 
549.1 


604.76 


Total 
I.  H.  P. 


1190.60 
1098.2 


1009.95 
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SECTION     THTW)U(IH     STARTINO    VALVE. 


Experimental  Tandem  Compound  Freight  Locomotive. 

2—8—0  Type. 

New  York  Central  &  Hudson  River  Railroad. 

General  Dimensions. 

Gauge 4  ft.  8Mi   l°s- 

Fuel    BitumtnoUH  coal 

Weight  In  working  order 200.000   lbs. 

Weight  on  drivers 172.500  lbs. 

Weight  engine  and  tend3r  in  working  order 308,000  lbs. 

Wheel  base,  driving 17  ft. 

Wheel  base,  rigid 17  ft. 

Wheel  base,  total 26  ft.  3  ins. 

Wheel  base,  total,  engine  and  tender 54  ft.  3  ins. 

Cylinders. 

Diameter  of  cylinders 15  and  28  ins. 

Stroke  of  piston  . .  .  ; 34  ins. 

Horizontal  thickness  of  piston 5y2    ins. 

Diameter  of  piston  rod High-pressure,  3  ins. ;    low-pressure.  4  ins. 

Kind  of  piston  packing Plain   rings 

Kind   of  piston-rod   packing Metallic 

Valves. 

Kind  of  slide  valves Piston  type 

Greatest  travel  of  slide  valves 6  ins. 

Steam  lap  of  slide  valves 1   in. 

Exhaust  clearance  of  slide  valves 

High-pressure,  line  and  line;    low-pressure,   14   In- 
Lead  of  valves  In  full  gear Line  and  line 

Kind  of  valve-stem   packing Metallic 

Wheels,  Etc. 

Number  of  driving  wheels 8 

Diameter  of  driving  wheels  outside  of  tire 63  ins. 

Material  of  driving  wheels,  centers Cast  steel 

Thickness  of  tire 3^    ins. 

Driving-box   material Cast"  steel 

Diameter  and  length  of  driving  journals 

Main.  914  ins.  diameter;    others.  9  ins.  diameter  x  12  ins. 
Diameter  and  length  of  main  crankpin  journals 

7Vj   X  5^    Ins.;    6V.   ins.  diameter  x  6  ins. 
Diameter  and  length  of  side  rod  crankpin  journals 

5  ins.  diameter  x  3*'.    ins. 

Engine  truck,  kind Two-wheel,   swing-bolster 

Engine  truck,  journals 6^   ins.  diameter  x  10  ins. 

Diameter  of  engine-truck  wheels 33  ins. 


Boiler. 

Style Straight,  with  wide  firebox 

Outside  diameter  of  first  ring 72V(i    Idh. 

Working    pressure 210    lbs. 

Thickness  of  plates  In  barrel  and  outside  of  firebox 

25-32,  Vi,  13-16,  1.  %  In. 

Firebox,   length 96^    ins. 

Firebox,    width    75%    ins. 

Firebox,  depth Front,  73  ins. ;    back,  63  Ins. 

Firebox  plates,  thickness 

Sides,  5-16  in.;    back,  %  In.;    crown,  %  In.;    tube  sheet,  i^  In. 
Firebox,  water  space 4   Ins.   and  5  In.s. 

front,   3Vj    ins.   and  5^^^   Ins.   sides,   3*4    Ins.   and  4 1/3    in.';,   back 

Firebox,  crown  staying Radial  stays,  1%  in.  diameter 

Firebox,  staybolts    1  In.  diameter 

Tubes,  material  and  gauge Iron,  12  B.  W.  O. 

Tubes,   number    396 

Tubes,  diameter 2  Ins. 

Tubes,  length  over  tube  sheets (16  ft.)   192  Ins. 

Fire  brick,  supported  on Water  tubes 

Heating  surface,   tubes 3,298.08  sq.   ft. 

Heating  surface,  water  tubes 27.09  sq.   ft. 

Heating  surface,  firebox * 155.40  sq.   ft. 

Heating  surface,  total 3,480.57  sq.   ft. 

Grate   surface 50.32    sq.    ft. 

Exhaust    pipes    Single 

Exhaust  nozzles 5  ins.,  5V^   ins.,  5%   Ins.  diameter 

Smokestack,  inside  diameter ." 18  ins. 

Smokestack,  top  above  rail 14  ft.  9  ins. 

Boiler  supplied  by Two  injectors.   No.   10 

Tender. 

Style    8-wheel 

Weight,  empty    44,750   lbs. 

Wheels,  number    8 

Wheels,   diameter    33   ins. 

Journals,  diameter  and  length 5  ins.  diameter  x  9   ins. 

Wheel  base 16  ft.  6  ^^   ins. 

Tender  frame    10-in.   steel   channels 

Tender  trucks Fox  pressed  steel 

Water  capacity    5  000  U.  S.   gallons 

Coal   capacity    ■. 10  tons 

Brake — Westinghouso-Amerlcan    Combined    on    all    drivers     on 

tender  and  for  train.      9H-'n.  L.  H.  air  pump.     Two 

main  reservoirs,  16  x  126  ins. 


n 


3 
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INDICATOR    CARDS     FROM    CROSS-COMPOfXD     AND    TAXDKM      LOCOMOTIVES. 


Purdue  University  has  recently  been  the  recipient  of  liberal 
treatment  at  the  hands  of  its  State  legislature,  just  adjourned. 
By  an  amendment  to  a  previously  existing  law,  the  income  of 
the  university  has  been  increased  from  a  twentieth  of  a  mill 
to  a  tenth  of  a  mill  upon  the  assessed  value  of  the  State. 
The  increase  is  about  ?iJ5,0t)0,  which  brings  the  university's 
annual  income  from  all  sources  considerably  above  $200,000. 
The  legislature  also  made  specific  appropriations  amounting 
in  round  numbers  to  $150,000,  out  of  which  is  to  be  provided 


a  central  heating  plant  and  a  building  for  the  department  of 
physics. 


The  Pennsylvania  Railroad  Company  contemplates  the  con- 
struction of  a  bridge  crossing  Long  Island  Sound  by  the  way 
of  the  Hell  Gate  channel  and  Ward's  and  Randall's  Islands,  &o 
as  to  give  its  recently  acquired  Long  Island  system  connection 
with  the  N.  Y.  C.  and  the  N.  Y.,  N.  H.  &  H.  Railroads  reaching 
the  New  England  States. 
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POWER     TEST    OF 


AN    ELECTRICALLY-DRIVEN 
SHAPER. 


Cincinnati  Shapeb  Company. 


A  very  important  advantage  is  gained  from  tlie  individual- 
drive  method  of  electrically  operating  machine  tools  by  reason 
of  the  facility  offered  for  easily  and  accurately  measuring, 
electrically,  the  power  required  for  various  machining  opera- 
tions. The  expenditures  of  power  required  for  all  varia- 
ations  in  cuts  and  feeds  may  be  readily  determined  as  volt- 
meter, and  ammeter  readings  can  be  taken  of  the  current  de- 
manded by  the  motor  while  the  cut  is  under  way. 

An  interesting  power  test  was  recently  made  in  this  way  by 
the  Cincinnati  Shaper  Company.  Cincinnati,  Ohio,  upon  a  large 


besides  the  usual  gibbing  of  the  saddle  to  the  front  side  of  the 
bed  there  is  also  a  taper  gib  underneath  the  saddle  bearing 
against  the  front  edge  of  the  back  member  of  the  bed,  thus 
dividing  the  thrust  l)etwpen  the  two  top  members  of  the  bed  in- 
stead of  concentrating  it  at  the  front  edge. 

The  object  of  the  test  was  to  determine  by  the  above  men- 
tioned electrical  method  the  actual  amount  of  power  required 
for  driving  the  machine  during  a  machining  operation  in 
which  the  feeding  ratio  only  was  varied  regularly.  The  work 
machined  during  the  test  was  a  piece  of  cast  iron  of  close 
grain,  but  of  medium  hardness.  A  uniform  depth  of  cut  was 
used  throughout,  the  feed  being  varied  by  1-16  in.  in  the  dif- 
ferent tests. 

The  motor  operated  at  a  speed  of  1,050  revolutions  per  min- 
ute, while  the  ram  was  geared  to  travel  at  a  rate  of  20  ft.  per 
minute  on  the  forward  stroke  and  of  65  ft.  per  minute  on  the 


3G-I,\CH   DOUBLE-HEAD  MOTOR-DRIVEN    TRAVERSE    SHAPER. — CINCINNATI    SHAPER  CO. 

USED    IN    THE    POWER    TEST    WITH    VARIOUS    FEEDS. 


double-head  motor-driven  t';averse  shaper,  which  had  been 
arranged  especially  for  moDr  driving  by  the  application 
of  an  independent  motor  for  tht  drive  of  each  head.  The  ac- 
companying engraving  presents  a  general  view  of  this  tool 
thus  equipped,  the  motors  used  tor  tje  two  drives  .being  each 
of  the  constant-speed  type.  Both  motois  were  of  5-h.p.  capac- 
ity, made  by  Jantz  &  Leist,  of  Cincinnati,  IiTA  arranged  to 
operate  upon  a  500-volt,  ^direct-current  circuit.  They  ^re  eacS 
mounted  upon  an  indepeu'.tent  base  at  the  end  of  the  mithlne, 
which  carries  a  strong,  lattice-braced  steel  superstructure  for 
the  support  of  the  countershaft. 

Each  motor  is  belted  direct  to  its  countershaft  through  st, 
pair  of  four-step  cone  pulleys,  from  which  countershaft  are 
run  the  two  belts  necessary  for  the  slow  forward  and  the  quick 
return  motions  for  the  ram.  The  control  of  each  motor  is 
through  a  knife  switch  and  a  starting  rheostat,  located  upon 
the  end  of  the  shaper's  bed  and  protected  from  metal  chips 
and  dirt  by  hood. 

This  shaper  is  of  a  new  design,  each  ram  of  the  tool  having 
a  stroke  of  36  ins.  and  independently  driven  through  steel 
gearing  and  racks  of  extra  strength.  A  notable  feature  is  the 
double-gibbed  arrangement  of  staying  the  ram  saddles  to  the 
bed.  in  order  to  properly  resist  the  stress  due  to  the  very  heavy 
cuts  resulting  from  the  use  of  the  new  high  duty  tool  steels: 


return  stroke.  Voltmeter  and  ammeter  readings  were  taken 
while  the  tool  was  cutting,  fifteen  or  twenty  readings  being 
taken  for  each  rate  of  feed,  and  from  these  results  averages 
were  calculated,  which  were  considered  to  represent  very 
closely  the  result  of  the  uniform  conditions  for  each  rate.  This 
was  particularly  necessary  because  the  voltage  of  the  motor 
supply  current  varied  from  4S0  to  550.  From  these  average 
values  of  the  voltage  and  current,  the  power  used  by  the  motor 
was  calculated  in  horse-power,  as  indicated  in  the  following 
table : 

POWER     REQUIRED     AT     THE     MOTOP. 

Motor,    running    light,    driving    countershaft    and    pulleys    on 

machine,    only     1.66-H.P. 

\Gross    power    required     to    drive    the    machine    running    light, 

during  forward  motion    of   ram 2.38-H.P. 

Jet   useless   power  absorbed  by   forward   motion   of  ram   at   ap- 
proximately   20-ft.    per    minute 72-H.P. 

Qross   power   required  to   drive   the   machine   running   light,    at 

instant   of    reverse  of  ram 7.71-H.P. 

N^t    useless   power   absorbed   during    reverse  motion    of   ram    at 

approximately    6.5-ft.    per    minute ■ 6.05-H.P. 

r'ower    required    at   the  motor   with   the   tool   cutting    at   the  constant 

dt^th   of  29-32-in..   but    with  varying  feeds; 

Fir    a    feed    of   3-64-in. — gross 5.52-H.P. 

I*r    a    feed   of    3-64-in. — net 3.14-H.P. 

ppr  a  feed  of  4-64-iii. — gross 6.11-H.P. 

rior   a    feed   of   4-64-in. — net 3.73-H.P. 

lior  a  feed   of  5-64-in. — gross 7.14-H.P. 

iJor    a   feed    of   .'5-64-in. — net 4.76-H.P. 

pfer   a  feed  of   6-64-in. — gross 8.61-H.P. 

Bor   a   feed   of   6-64-in. — net 6.23-H.P. 
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The  actual  proportions  of  the  cut  taken  by  the  tool  during 
the  tests  is  indicated  by  the  sketch  above  the  accompanying 
diagram  at  the  right;  the  depth  of  cut  was  maintained 
constant  at  29-32-in.  throughout  the  teats.  The  diagram  is 
arranged  to  present  graphically  the  relation  of  the  increase  ot 
power  demanded  by  the  motor  to  the  increase  of  cut  due  to 
the  increased  rate  of  feed.  The  four  full  vertical  lines 
at  the  middle  are  drawn  to  a  scale  to  represent  the 
net  power  required  at  the  tool  with  the  various  feeds, 
the  percentage  of  increase  of  power  required  in  each  case  over 
that  demanded  for  the  previous  feed  being  indicated  at  the 
top  of  each  line.  It  may  be  noticed  that  the  variation  in  the 
power  required  becomes  much  greater  as  the  feed  grows 
heavier  and  more  metal  is  removed  per  stroke;  this  is  un- 
doubtedly due  to  the  increased  size  of  chip  and  its  attendant 
difficulty  of  breaking  up.  I'ower  values  based  upon  the  law  of 
variation  established  in  the  actual  diagram  have  been  assumed 
and  corresponding  lines  drawn  for  four  other  feeds  (the  dotted 
lines),  which  indicates  what  may  be  expected  with  feeds  ot 
■  1-64,  2-64,  7-64  and  8-G4-in.,  respectively,  under  similar  condi- 
tions. 

These  tests  were  not  carried  out  as  far  as  was  desired,  but 
the  results  are  useful  in  that  they  indicate  what  may  be  ex- 
pected within  certain  limits  during  a  machining  operation 
under  certain  definite  conditions.  It  will  indicate  lines  along 
which  further  investigations  of  this  nature  may  be  carried  to 
very  good  advantage,  not  only  for  the  designers,  but  also  for 
the  users  of  machine  tools. 

We  are  indebted  for  this  information  to  Mr.  J.  C.  Steen,  of 
the  Cincinnati  Shaper  Company,  by  whom  these  tests  were 
made. 


DIAORAM    OF   POWER   REQI'IREn   WITH    V,\RTIN(!    CUTS. 


"NEW    PASSENGER    LOCOMOTIVE. 


Pennsylvani.\  Lines  West  of  PiTT,sBUR(i. 


4-4-2  type. 


Class  E  2  a   (Pennsylvania  Classification). 


In  general  appearance  this  locomotive  resembles  the  Class 
E  2  (American  Excineer,  June,  1902,  page  1S8),  except  that 
the  steam  dome  and  sand  box  are  separate.  Many  of  the  de- 
tails of  construction  are  changed,  and  the  engravings  are 
selected  with  a  view  of  illustrating  these.  By  comparing  the 
lists  of  dimensions  the  boilers  are  seen  to  be  almost  identical 
in  capacity  and  construction.  I'en  locomotives  have  piston 
valves  with  inside  admission  and  airect  valve  motion,  while 
twenty-two  have  Richardson  valves.  The  engravings  show  the 
construction  of  both. 

The  frames  are  specially  interesting,  in  that  they  are  widened 
at  the  jaws  in  order  to  secure  lateral  strength.     This  feature 


is  clearly  shown  in  the  engravings.  In  front  of  the  splices 
the  frames  are  4x8  in.  in  section,  and  at  the  cylinders  41/2  x  7 
in.  At  the  driving  wheels  the  section  11  51/2x8  in.  Frequent 
c:oss  braces  stiffen  the  frames  laterally.  These  are  shown  in 
the  side  elevation.  At  the  front  ends  of  the  frames  are  large 
cast  steel  gusset  braces.  The  engravings  are  worthy  of  careful 
study  which  will  reveal  many  interesting  features,  such  as  the 
ample  steam  passages  in  the  cylinder  saddles,  which  space 
limits   do  not   permit   of   discussion   in   detail. 

In  the  absence  of  actual  data  it  is  impossible  to  say  what 
this  new  passenger  locomotive  will  do,  but  it  seems  fair  to 
expect  it  to  handle  such  a  train  as  that  of  the  Michigan 
Central  recorded  on  page  33  of  our  January  issue.  That  train 
weighed  731.19  tons,  and  was  hauled  at  a  speed  of  55.8  miles 
per  hour.    The  locomotives  are  compared  as  follows: 

Locomotive.^. 

Penna.  M.  C. 

Weight   in   working   order 176,600  lbs.  176.000  Ib^. 

Weight   on   drivers. '. 109,000  lbs.  95  000  lbs. 

Weight  of  engine  and  tender 311,100  lbs.  286.500  lbs. 

.Maximum    tractive    power 23,755  lbs.  24,700  lbs. 

Adhesive  weight 

^ := 4.56  4.29 

'tractive  eftort 

Heating    surface    2,639  sq.  ft.  3  521  sq.  ft. 

Grate    area     55.5  sq.  ft.  50.3  sq.  ft. 


r.VriSENGER   LOCOMOTIVE, 


4—4—:;   TYPE.— PENNSYLVANIA   LINES. 

PENNSTLVANIA    CLASS    E   2    a. 
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While  necessarily  based  in  both  cases 
upon  assumption,  the  following  is  inter- 
esting as  showing  the  comparison  between 
the  work  which  could  be  done  by  the  heat- 
ing surface  of  the  Pennsylvania  engine, 
providing  it  could  haul  the  Michigan  Cen- 
tral train  at  the  speed  stated.  Based 
upon  a  train  resistance  of  16  lbs.  per  ton 
and  10  per  cent,  internal  friction  of  the 
engine,  the  horse  power  required  is  1,915, 
and  the  tractive  effort  to  produce  this 
would  be  12,689  lbs.  This  would  call  for 
a  mean  effective  pressure  of  94  lbs.  and 
an  evaporation  of  49,790  lbs.  of  water  per 
hour.  At  a  ratio  of  7  lbs.  of  water  per 
pound  of  coal,  the  coal  consumption  would 

be  7,113  lbs.  per  hour.  This  would  mean  128  lbs.  of  coal  per 
square  foot  of  grate  per  hour,  18.8  lbs.  of  water  per  square  foot 
of  heating  surface  per  hour,  and  1.38  sq.  ft.  of  heating  surface 
per  horse  power  per  hour.  The  Michigan  Central  locomotive 
gives  a  figure  of  1.83  sq.  ft.  of  heating  surface  per  horse  power 
hour. 

If  these  assumptions  are  fair,  and  they  appear  to  be,  the 
Pennsylvania  locomotive  is  capable  of  a  remarkable  perform- 
ance with  a  small  heating  surface.  Evidently  a  great  deal 
remains  to  be  learned  about  locomotive  boiler  proportions. 
The  present  enormous  heating  surfaces  may  prove  to  be  ob- 
tained somewhat  at  the  expense  of  circulation. 

KATIOS. 

Tractive  power  used  below a  oi^"   '^?' 

Total  cylinder  volume «•»*     oh^r. 

Heating  surface  to  cylinder  volume a?o 

Tractive  weight  to  heating  surface *.t.d 

Tractive  weight  to  tractive  etlort *gg 

Tractive  effort  to  heating  surface ; vc? 

Heating  surface   to   grate   area .  . ^toon 

Tractive  effort  X  diameter  of  drivers  ^  heating  surface 1 1  i  w 

Heating   surface   to    tractive    effort '■W'S 

Total  weight  to  heating  surface 


.66.9 


E 2 a    PASSENCER    LOCOMOTIVE. 

Pennsylvania  Lines  West  of  Pittsburg. 
General    Dimensions. 

Q„u„e  . 4  ft.  9   ins. 

Fuel Bituminous   coal 

Weight' in  working  order Ino  nnn  Ik!' 

Weight  on  drivers ■ ?,??■?„„    h  ' 

Weight  engine  and  tender  in  working  order V" Vt     c    ' 

Wheel  base,  driving I  '[■  °   P**- 

Wheel  base,   rigid -^  •  '    "•  "  ins. 

Wheel  base,  total ■  •  30   ft    .IVa     ns. 

Wheel  base,  total,  engine  and  tender bu  it.  z  a-tb  ms. 

Cylinders 

Diameter  of  cylinders 20 1/2    ins. 

Stroke  of  piston .  .  .  ; ^o    1°^- 

Horizontal  thickness  of  piston ■  •  5  ^ns. 

Diameter  of  piston  rod n     »   ■'°^' 

Kind  of  piston  packing :  •  '^  •  .',•  •  • -Cast  iron 

Kind  of  piston-rod  packing Pennsylvania  Railroad  standard 

Size  of  steam  ports A  T^O  InS'  x  I1/2    ms. 

Size  of  exhaust  ports \    For  last  22  engines  {    ..20  ins.  x  3  ms. 

j  1 1%   ms. 

Valves. 
Kind  of  slide  valves:  ,     ,  „„  t,-  u     j 

First  10  engines,  piston  valve  ;    last  22  engines,  Richardson 

Greatest  travel  of  slide  valves -J   ins. 

Outside  lap  of  slide  valves 1  %    ras. 

Inside  clearance  of  slide  valves ■^-■5'-  '°^- 

Lead  of  valves  In  full  gear 1-32  in.  lead  in  full  gear  F.  &  B. 

Kind  of  valve-stem  packing Pennsylvania  Railroad  standard 

Wheels,  Etc. 

Number  of  driving  wheels ii';  '^ 

Diameter  of  driving  wheels  outside  of  tire 80  Ins. 


Size   of  bridges. 


FRAMES  OP  PASSENGER  LOCOMOTIVE,  PENNSYLVANIA  LINES. 

Material  of  driving  wheel  centers Cast  steel 

Thickness  of  tire 4   ins. 

Tire  held  by Shrinkage  and  Gibson  fastening 

Driving  box  material Cast   steel 

Diameter  and  length  of  driving  journals 9%  ins.  diameter  x  13  ins. 

Diameter  and  length  of  main  crankpin  journals; 

Main  side,  7%.  x  .'>  ins.  ;    6  ins.  diameter  x  6%   ins. 
Diameter  and  length  of  side-rod  crankpin  journals, 

51/2   ins.  diameter  x  4%   ins. 
Engine  truck,  kind. 

Four-wheel  swivel  cen.  Pennsylvania  Railroad  standard 

Engine  truck,  journals 51/2   ins,  diameter  x  10  ins. 

Diameter  of  engine  truck  wheels 36  ins. 

Boiler. 

Style     Belpaire 

Outside  diameter  of  first   rin^ 67   ins. 

Working   pressure ^f 205   lbs. 

Thickness  of  plates  in  barrerand  outside  of  firebox  : 

1  in.,  11-16  in.,  Vi   in..  %   in.,  %  in.,  13-16  in. 

Firebox.  length   Ill  ins. 

Firebox,   width    72   ins. 

Firebox,   depth Front,    67  1-16  ins.  ;   back,   64  7-16   Ins. 

Firebox  plates,  thickness  : 

Sides.  5-16  in.;    back,  5-16  in.;    crown,  %  in.;    tube  sheet.  1/2  in. 

Firebox,  water  space 4  ins.  front,  4  ins.  sides,  3^  ins.  back 

Tubes,  material  and  gauge Iron  ;   11  B.  W.  G^ 

Tubes,   number    315 

Tubes,   diameter    2   ins. 

Tubes,  length  over  tube  sheets 15  ft.  1  in. 

Heating  surface,  tubes ^  2.474   sq.  ft. 

Heating   surface,   firebox 165.7    sq.    ft. 

Heating  surface,  total 2,639.7  sq.  ft. 

Grate  surface 55.5  sq.  ft. 

Exhaust  pipes    Single  ;     low 

Exhaust  nozzles 5-in.,    5%-in..   5i/4-in. 

Smokestack,  inside  diameter 16  ins.  and  1S%   ins. 

Smokestack,  top  above  rail 14  ft.  11%   ins. 

Tender. 

Style   Water  bottom 

Weight,  empty    56,150   lbs. 

Wheels,   diameter    36    ins. 

Journals,  diameter  and   length 514   ins.  diameter  x  10  ins. 

Wheel  base 20  ft.  6  ins. 

Tender  frame   10-in.  steel  channels 

Tender  trucks  : 

Two  4-wheel,  center  bearing,  Pennsylvania  Railroad  standard 

Water  capacity    7,000  U,   S.   gals. 

Coal  capacity   10  tons 


Mr.  Leigh  Best,  secretary  of  the  American  Locomotive  Com- 
pany, sends  us  a  copy  of  the  locomotive  catalogue  which  has 
just  been  prepared  for  distribution  in  foreign  countries.  It 
comes  just  as  we  go  to  press,  which  precludes  an  extended 
notice.  The  printing,  etc.,  embossed  cover  and  the  engravings 
surpass  in  excellence  every  publication  of  this  kind  which  has 
come  to  our  notice.  It  presents  a  record  of  noteworthy  loco- 
motives now  running  in  this  country,  together  with  a  large 
number  built  for  foreign  roads,  giving  the  data  in  both  French 
and  English. 
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IMPROVED    TREATMENT    OF    CAST    IRON    CAR 
WHEELS. 


BY    F.    E.    HEICLEY. 


With  the  introthiction  of  lUU.UOO  lbs.  capacity  cars  and  the 
resulting  iiureiiseU  stresses  in  tlie  cast-iron  car  wheel,  the 
question  naturally  arises  as  to  whether  that  wheel  has  reached 
its  limit  of  strength.  Many  believe  this  to  be  the  case  and 
advance  in  support  of  their  belief  the  increased  failures  of 
cast-iron  wheels  in  the  proportion  of  3  to  1  when  applied  to 
100,000  lbs.  capacity  cars  over  those  of  60,000  lbs.  capacity. 
Manufacturers,  on  the  other  hand,  claim  that  the  limit  of 
strength  has  not  been  reached,  but  that  the  limit  in  the  price 
paid  for  cast-iron  wheels  necessarily  limits  the  quality  of 
pig-iron  used  and  the  attention  and  supervision  necessary  for 
the  most  improved  manufacture  of  the  wheels. 

The  New  York  Railway  Club  made  this  the  subject  of  their 
discussion  in  January,  and  too  much  cannot  be  said  of  the 
advantages  of  these  discussions  or  the  good  resulting  from 
them. 

The  writer  some  time  ago  was  invited  to  investigate  an 
improved  treatment  of  cast-iron  wheeis  which  is  well  worth 
consideration.  First,  however,  a  brief  summary  of  what  a 
cast-iron  car  wheel  of  to-day  is  called  upon  to  stand,  com- 
pared to  one  of  two  or  three  years  ago,  is  in  order. 

A  wheel  of  to-day,  weighing  25  per  cent,  more  than  formerly, 
with  the  same  section  of  flange,  is  forced  to  carry  75  per 
cent,  more  load  at  loO  per  cent,  greater  speed  and  be  subject 
to  injurious  effects  at  least  three  times  those  which  it'  was 
formerly  subject  to,  and  the  strains  and  heat  due  to  brake 
application.  It  must  be  guaranteed  for  50  per  cent,  greater 
life  and  subject  to  severe  test  and  the  option  of  the  railroad 
— all  for  the  same  price. 

A  study  of  the  stresses  in  a  cast-iron  wheel  is  not  complete 
without  knowledge  of  the  trake  shoe  in  its  relation  to  and 
effect  on  the  wheel.  The  brake  shoe  has  little  effect  upon  the 
hard  chill  of  the  wheel  tread  so  far  as  actually  wearing  into 
or  cutting  the  wheel  is  concerned.  Indirectly,  however,  its 
effects  are  enormous  and  are  often  responsible  for  the  fail- 
ure of  the  wheel.  The  brake  shoe  is  the  agent  by  which  all 
the  energy  stored  in  the  wheel  due  to  rotation  and  load  is 
converted  into  heat,  and  the  rise  in  temperature  of  the  wheel 
depends  upon  the  amount  of  work  done  by  the  shoe  upon  the 
wheel  and  the  time  in  which  the  work  is  done.  The  chilled 
iron  does  not  absorb  or  conduct  heat  readily  and  internal 
strains  are  introduced  and  create  a  tendency  for  the  wheel 
to  crack.  That  this  is  a  fact  is  proved  by  an  examination  of 
wheels  removed  from  100,000  lbs.  capacity  cars.  These  showed 
fine  checks  or  cracks  in  the  tread  and  flange  which  seemed  to 
develop  in  the  dividing  line  between  the  gray  and  white  iron 
and  then  work  through  to  the  surface. 

Chilled  white  iron,  while  excessively  hard,  is  very  brittle 
and  crystalline.  The  only  way  manufacturers  have  of  tough- 
ening the  chill  is  to  place  the  wheels  in  a  pit  after  they  are 
cast,  cover  them  over  and  allow  them  to  gradually  cool  for 
three  or  four  days.  This  tends  not  only  to  relieve  internal 
strains,  but  also  to  diminish  the  brittleness  of  the  chilled 
portion  of  the  wheels,  increasing  thereby  its  ability  to  with- 
stand shocks,  while  the  hardness  is  effected  to  only  a  very 
slight  extent.  This  is  common  practice  among  all  makers 
and  equally  available  to  all,  consequently  any  superiority  of 
a  wheel  of  one  malce  over  that  of  another  lies  in  the  use  of 
superior  pig-iron,  superior  casting  methods  or  both.  If,  there- 
fore, a  method  of  treating  a  wheel  exists  that  will  further 
improve  it  after  it  is  cast,  then  a  superior  wheel  to  any  now 
cast  can  be  made;  and  if  this  treatment  can  be  applied  at 
slight  expense  it  seems  in  the  line  of  wisdom  and  economy  to 
give  it  a  trial. 

The  process  of  treatment  Is  patented  by  the  Standard  Steel 
Car  Wheel  Company,  of  Springfield,  Mass.,  and  is  briefly  as 
follows:    After  the  wheels  are  once  cast  and  allowed  to  cool 


according  to  the  usual  method,  they  are  placed  in  a  specially 
constructed  hydrocarbon  furnace  and  heated.  After  being 
subjected  to  a  certain  heat  for  a  few  hours  they  are  allowed 
to  gradually  cool  for  perhaps  two  days.  This  process,  simple 
in  itself,  tends  to  relieve  all  internal  stresses  and  changes  the 
chill  from  a  very  hard  and  very  brittle  composition  to  a 
very  hard  and  exceedingly  tough  composition,  as  well  as 
toughening  the  wheel  throughout.  The  writer's  understand- 
ing of  the  chemical  changes  undergone  is  as  follows:  Carbon 
exists  in  cast  iron  in  two  states— graphitic  and  combined. 
When  a  wheel  chills,  a  portion  of  the  graphite  carbon  changes 
to  a  combined  form,  alloying  with  the  iron  as  seen  in  the 
chill.  When  this  is  further  heated  a  portion  of  the  combined 
carbon  undergoes  a  further  change  to  what  is  commonly 
known  as  temper  carbon,  which  is  exceedingly  tough. 

The  life  of  a  cast-iron  wheel  depends  upon  the  ability  of  the 
chilled  portion  to  withstand  shock,  wear  and  the  strains  due 
to  heating  by  biake  shoes.  If  this  process,  as  is  claimed  for  it, 
will  toughen  the  tread  and  flanges,  and  by  relieving  internal 
stresses  decrease  those  due  to  heating,  it  is  well  worth  gen- 
eral adoption.  It  is  not  only  uie  actual  strengiu  of  the  metal 
that  is  desired,  but  a  toughness  as  well — what  in  a  test  piece 
with  a  load  applied  at  the  center  would  be  a  combination  of 
strength  and  toughness,  or  resilience,  which  is  the  resisting 
force  of  the  material.  Comparative  ttsts  of  bars  show  that 
those  treated  by  this  method  require  nearly  twice  the  load 
to  break  them,  a  considerably  greater  deflection,  and  a  resil- 
ience over  two  and  one-half  times  that  attained  in  those  cast 
in  the  usual  manner  and  not  treated.  Tests  of  trolley  and 
freight  wheels  showed  that  wheels  treated  after  this  manner 
would  withstand  in  most  cases  double  the  number  of  blows 
to  those  similarly  cast  but  not  so  treated. 

Considering  the  cheapness  and  simplicity  of  this  treatment 
and  the  increased  strength  and  durability  possible  when  so 
treated,  along  with  the  recent  failures  of  cast-iron  wheels 
under  cars  of  40  and  50  tons  capacity,  the  introduction  of  this 
method  seems  worthy  of  serious  consideration. 


"ANTI-FRICTION"   CAR  SIDE  BEARINGS  AND  CENTER 
PLATES. 


EFFECT  ON  TBAIN  RESISTANCE. 


Pittsburg  &  LiAke  Ekee. 


This  road  has  for  five  years  been  experimenting,  systemati- 
cally, with  ball  bearing  center  plates  and  side  bearings.  Mr. 
L.  H.  Turner,  superintendent  of  motive  power,  now  considers 
the  matter  to  have  gone  beyond  the  experimental  stage  and 
he  is  sure  that  "it  is  simply  impossiDle  to  have  sharp  flanges 
under  cars  equipped  with  these  appliances,"  With  the  entire 
elimination  of  flange  wear  and  rail  wear  from  the  flanges,  he 
has  found  a  marked  reduction  of  train  resistance.  Some  of  the 
results  of  his  tests  were  recorded  in  this  journal  in  February, 
1902,  page  45.  Mr.  Turner  has  carried  his  experiments  further 
and  found  that  these  bearings  produce  a  marked  effect  upon 
the  tonnage  rating  of  locomotives.  He  has  supplied  the  fol- 
lowing results: 

THE   PITTSBUBG    i   I.AKE   EBIE    RATI  ROAD. 

Report  of  train  test  between  Fleming  Park  and  College: 
Test  Train  No.  1. — All  freight  cars  equipped  with  Hartman 
ball-bearing  center  plates  and  side  bearings. 

Tons. 

48  steel   gondolas    3,010 

1  dynamometer   car    16.5 

1  private    car    51 

1  caboose    10 

3.0S7.5 
Test   Train   No.    2. — All   freight   cars   equipped   with    plain 
center  plates  and  side  bearings. 

Tons. 

48  wooden  and  steel  coal  cars 2,522.6 

1  dynamometer  car    16-5 

1  private  car 51 

1  caboose  1" 

2.600.0 
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Distance  between  Fleming  Park  and  College 26  miles 

Average  drawbar  pull,  entire  distance,  test  No.  1 14,470  lbs. 

Average  drawbar  pull,  entire  distance,  test  No.  2 12,780  lbs. 

Reduction    of  drawbar  pull    for  test   No.    1,   below   tbat   expected 

under  conditions  of  No.   2,  per  cent 4.9 

Average  resistance  in  pounds  per  ton,  test  No.  1 4.68 

Average  resistance  in  pounds  per  ton.  test  No.  2 4.91 

Percentage  of  resistance  in  favor  of  test  No.  1 4.9 

Average  miles  made  per  hour,  test  No.  2 14.72 

Percentage  in  favor  of  test  No.  1 11.4 

Required  to  start  truck  witb 75  lbs.  9% 

While  the  average  results  are  very  favorable  to  the  ball- 
bearing, a  still  better  showing  would  have  been  made  had  the 
condition  of  the  rail  been  the  same  during  both  tests.  A  light 
rain  during  most  of  the  time  that  Test  No.  1  was  being  made 
required  a  liberal  use  of  sand,  which  of  necessity  increased 
the  train  resistance.  In  arriving  at  results  of  these  tests 
where  the  conditions  are  so  varying,  it  is  wise  to  consider 
only  average  results,  or  those  that  manifest  themselves  in  the 
earning  value  of  the  train.  We  find  that  train  No.  1,  witn 
ball-bearing  center  plates  and  side  uearings,  notwithstanding 
the  handicap  due  to  the  use  of  sand,  made  11.4  per  cent,  greater 
speed,  with  5.5  per  cent,  less,  drawbar  pull.  The  revenue  ton- 
nage approximated  66  per  cent,  of  the  total  weight  of  train; 
the  increased  earnings  due  to  reduced  train  resistance  at  six 
mills  per  ton  mile  amounts  to  ?59.60  for  each  100  train  miles. 
In  addition  to  the  increased  earnings,  the  ease  with  which 
trucks  adjust  themselves  when  equipped  with  ball-bearing  ap- 
pliances entirely  eliminates  sharp  wheel  flanges  and  side  rail 
wear,  which  is  of  great  importance  in  safe  and  economical 
railroad  operation. 

Another  and  equally  interesting  test  was  made  in  August, 
1900,  with  a  car  that  had  been  equipped  with  Hartman  ball- 
bearings for  over  three  years.  Great  i^ains  were  taken  to  get 
as  nearly  accurate  results  as  possible  in  this  test,  and  in  order 
to  do  so  a  turn-table  7  ft.  in  length  was  constructed,  and 
each  truck  of  the  car  handled  separately.  A  dynamometer 
was  used  to  measure  the  power  required  to  displace  each 
truck.  The  following  report  gives  results  of  the  four  tests 
made:  — 

CURVE   BESIST.VNCE   ON   C.4.RS   EQUIPPED  WITH   HARTM.UJ   BALL   BE.VIl- 

INQ  CENTEE  MATES  AND  SIDE  BEAEINGS,  IN  COMPAKISON  WITH 

THE  ORDINARY  FLAT  CENTEE  PLATES   AND  SIDE  BEAEINGS. 

FIRST  TEST. 

Flat  center  plate  and  side  bearing  with  %  In.  deflection  of 
body  bolster  resting  on  side  bearing. 

Resistance. 

Required  to  start  truck 800  lbs.      100% 

Required  to  displace  truck  2  ins 1,100  lbs.     100% 

SECOND   TEST. 

Flat  center  plate  without  side  bearing. 

Resistance. 

Required  to  start  truck 275  lbs       34% 

Required  to  displace  truck  2  Ins 525  lbs       48^ 

THIRD    TEST. 

Hartman  ball-bearing  center  plate  and  side  bearing  with 
%-in.  deflection  of  body  bolster  resting  on  side  bearing. 

Required   to   start  truck 75  lbs         9% 

Required  to  displace  truck  2  ins 450  lbs       40% 

FOURTH   TEST. 

Hartman  ball-bearing  center  plate  without  side  bearing. 

Resistance. 

Required  to  start  truck 75  lbs         9% 

Required  to  displace  truck  2  ins 325  lbs       29% 

Displacement  of  the  truck  of  2  ins.  corresponds  to  a  154- 
degree  curve.  The  tests  were  made  with  P.  McK.  &  Y.,  car 
No.  12,162,  loaded,  total  weight  91,000  lbs.,  equally  distributed. 
More  power  was  required  to  displace  the  truck  2  ins.  than 
it  did  to  start  it,  because  of  the  construction  of  the  groove  in 
the  plate.  The  grooves  are  deepest  in  the  center.  When  cars 
take  heavy  curves  the  body  of  the  car  is  raised  slightly  by  the 
rotating  movement  of  the  balls.  All  results  of  the  test  prove 
conclusively  that  a  large  amount  of  center  plate  resistance  can 
be  removed  by  the  use  of  proper  appliances. 


WHAT  MOTIVE   POWER  OFFICERS  ARE  THINKING 
ABOUT. 


Editorial  Correspondence. 


One  thing  specially  needed  in  our  railroad  organizations 
Is  a  system  of  promotion  of  subordinates  which  will  render  it 
possible  to  replace  a  man  high  in  authority  without  jeopard- 
izing the  position  of  anyone,  even  down  to  the  office  boy.  It 
is,  and  always  will  be,  expensive  to  operate  a  large  enter- 
prise when  the  subordinate  officials  are  always  anxious  as  to 
their  tenure  because  the  presiding  oflScial  is  one  who  owes  his 
appointment  to  supposed  ability  to  "make  a  record"  in  a  short 
time.  The  only  records  worth  making  are  not  made  in  a 
short  time,  and  the  conditions  of  society  to-day  are  such  as 
to  render  it  advisable  to  inaugurate  policies  of  management 
upon  a  long-term  basis.  Progress  is  too  rapid  to  make  this 
easy,  but  it  is  none  the  less  necessary.  Railroads  with  tra- 
ditions are  rare.  It  is  apparent  that  those  having  them  are 
not  greatly  troubled  with  labor  disturbances,  and  where  "tra- 
dition" stands  for  a  definite  policy,  well  founded  and  con- 
sistently developed,  it  is  an  excellent  thing.  It  may  be  carried 
so  far  as  to  interfere  with  progress,  but  that  is  not  commend- 
able and  is  not  the  kind  under  discussion.  What  is  wanted  is 
a  feeling  among  subordinates  which  makes  them  personally 
interested  in  the  success  of  their  superior.  This  is  occasion- 
ally found,  but  not  often  enough.  It  involves  a  principle  which 
should  be  cultivated,  because  »t  pays.  This  is  not  a  question 
of  sentiment.      It  is  a  business  principle 


In  visiting  the  heads  of  motive  power  departments  to-day 
we  find  a  marked  change  in  the  subjects  which  are  upper- 
most in  their  minds.  A  few  years  ago  the  subjects  discussed 
were  not  as  important  as  are  those  of  the  present  time.  It  is 
becoming  evident  that  it  is  no  longer  suflicient  for  a  superin- 
tendent to  be  a  good  mechanic.  He  must  be  an  executive,  an 
organizer  and  a  business  man.  The  present  problems  are  busi- 
ness problems  and  they  are  growing  more  important  every 
day.  We  are  evidently  at  the  beginning  of  a  new  era  with 
respect  to  the  mechanical  departments  of  railroads,  and  it 
may  be  called  the  era  of  the  application  of  commercial  prin- 
ciples; those  principles  which  have  led  American  industrial 
enterprises  to  their  high  degree  of  success.  This  means 
much  to  the  railroads  and  it  opens  great  opportunities  for 
young  men  who  are  preparing  to  fill  the  important  positions 
of  the  future. 


The  old  boiler  shop  of  the  Union  Pacific  at  Omaha  is  now 
used  as  a  power  house  for  generating  power  to  drive  the 
extended  shop  plant  at  that  point.  No  better  illustration  than 
this  is  needed  to  indicate  the  progress  of  the  past  few  years. 
A  building  which  up  to,  say,  five  years  ago,  was  ample  for  the 
boiler  repairs  at  Omaha  is  now  only  large  enough  to  contain 
the  boilers,  engines  and  generators  to  furnish  power  for  the 
shops.  Formerly  the  engines  and  boilers  were  scattered  all 
over  the  plant.  The  power  house  is  not  only  a  new  thing,  but 
it  is  a  big  thing.  It  is  apparent  that  it  is  often  too  small. 
Even  those  built  as  recently  as  three  years  ago,  with  provision 
for  expansion,  are  now  too  small,  and,  like  the  air  compressor, 
it  is  difficult  to  get  them  large  enough.  In  the  case  of  the 
power  house  of  the  Chicago  &  Northwestern  at  Chicago,  illus- 
trated in  this  journal  in  March,  1900,  page  82,  a  new  500  kw. 
unit  now  fills  all  the  space  for  extension  except  that  reserved 
for  another  air  compressor  which  must  soon  be  put  in.  Any 
further  addition  will  require  a  new  building.  The  expensive 
character  of  this  equipment  renders  it  necessary  to  make  large 
allowances  for  expansion,  and  many  of  the  new  power  houses 
will  undoubtedly  soon  be  found  too  small.  If  there  is  any 
possibility  of  using  them  as  "central  stations"  they  need  to 
be  treated  with  a  large  generosity  aa  to  space  covered. 


Ai'iUL,  l'J03. 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.         137 


MOTOR-DRIVEN    MACHINE    TOOLS. 


REPBESKNTATIVB  BXAMTLES   of   iNDIVIDUALLY-DlilVEN    LaTHKS. 


The  piiiK-iplo  of  iudividually  driving  machine  tools  by  elec- 
tric motors  has  successfully  passed  the  experimental  and  pro- 
bationary states  and  has  come  to  be  regarded  as  a  necessary 
feature  of  the  equipment  of  every  modern  machine  shop.  One 
of  the  very  important  details  of  the  application  of  this  type  of 
drive  has,  however,  remained  in  an  unsettled  condition  owing 
to  the  diversity  of  practice  in  the  type  of  motor  used  for  the 


will  be  noted,  several  radical  improvements  have  been  Intro- 
duced, which  are  of  unquestionable  value.  .Much  data  has  been 
obtained  regarding  this  valuable  subject  In  the  past  few  years, 
which  will  tend  to  exert  an  Important  influence  upon  future 
work  In  this  direction;  one  of  the  most  Important  decisions 
that  has  been  generally  arrived  at  by  the  users  of  machine 
tools  is  that  of  strictly  avoiding  the  use  of  motors  which  are 
not  of  standard  and  Interchangeable  designs,  so  as  to  be 
readily  replaced  In  case  of  accident  or  repairing. 

Below  is  presented  an  engraving  which  will  show  the  type  of 
motor-drive  adopted  for  Individual  drives  upon  the  Hendey- 


OONSTANT-SI'EED     GEARED    DRIVE    ON     A     26-IN.     PRENTICE     LATHE.— PRENTICE    BROS.    COMPANY. 


CONSTANT-SPEED     BELTED     DRIVE     FOR     THE     HENDEY-NORTON     LATHE, 
CONE    PULLEYS. — HENDEY    MACHINE    COMPANY. 


drive.  If  alternating  current  motors  be  used  all  variations  of 
speed  must  be  obtained  outside  of  the  motor,  as  is  also  the  case 
with  the  constant-speed  type  of  direct  current  motors  which 
are  frequently  used,  and  this  requires  additional  mechanical 
complications  to  which  most  machine  tools  are  not  adapted. 
If  variable-speed  motors  be  used,  of  which  there  are  several 
different  types,  the  problem  is  greatly  simplified,  but  even  in 
that  case  the  best  method  of  incorporating  the  motor's  support 
into  the  design  of  the  machine  seems  to  be  unsettled. 

The  accompanying  engravings  present  illustrations  of  sev- 
eral individually-driven  lathes  which  will  indicate  the  trend  of 
the  best  practice  amongst  the  tool  makers,  both  as  to  the  ap- 
plication of  constant-speed  and  of  variable-speed  motors.     As 


Norton  engine  lathes  by  the  Hendey  Machine  Company,  Tor- 
rington.  Conn.  The  motor  is  mounted  i;pon  the  top  of  a  stand- 
ard extending  above  the  lathe,  rather  than  being  incor- 
porated into  the  headstock;  this  method  requires  the  use  of  a 
countershaft  with  cone  pulleys  in  order  to  afford  the  speed 
changes  at  the  spindle  necessary  for 
general  work. 

The  motor  used  is  of  the  constant- 
speed,  back-geared  type,  with  a 
double  gear  and  clutch  arrangement 
between  the  motor  and  back  gear 
shafts  by  which  two  different  speeds 
may  be  delivered  from  the  cone  pul- 
ley. The  standard  carrying  the 
motor  is  bolted  rigidly  to  the  lathe 
bed,  and  is  strongly  webbed  to  pre- 
vent disturbing  vibrations.  The 
motor  is  attached  to  a  hinged  plate 
on  top  of  the  standard,  at  the  front 
end  of  which  plate  there  is  a  short- 
throw  cam  to  allow  the  plate  a  slight 
drop  for  loosening  the  belt  when  It 
is  desired  to  shift  from  one  step  of 
the  cone  to  another.  The  cam  Is 
supported  by  adjustable  posts  which 
permit  of  taking  up  any  stretch  oc- 
curring in  the  belt. 

The  motor  is  controlled  by  a  knife 
switch  and  starting  rheostat  on  the 
left  side  of  the  motor  standard,  the  motion  of  the  spindle 
being  controlled  by  the  rod  extending  above  the  bed,  which 
throws  the  clutch  on  the  back-gear  shaft  free  for  stopping, 
or  into  connection  with  either  gear  for  running.  Owing  to 
the  reversing  device  at  the  apron  for  the  carriage,  the  Hen- 
dey Company  do  not  recommend  a  reversing  motor  with  its 
attendant  extra  expense  and  complication.  The  sizes  of  motors 
recommended  for  the  different  sizes  of  lathes  are  as  follows: 
li:  to  14  in.  swing,  one  horse  power;  16  to  24  in.  swing,  two 
horse  power;  32  in.  swing,  three  horse  power. 

At  the  top  of  this  page  is  shown  the  26-in.  motor-driven  lathe 
which  has  been  developed  by  Prentice  Brothers  Company, 
Worcester,  Mass.    The  type  of  drive  here  advocated  Is  that  of 
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a  constant-speed  motor,  mounted  beneath  the  bed  and  driving 
t-hrough  gearing  to  the  headstoclt.  The  motor  shown  on  this 
lathe  is  a  three  horse-power  motor,  of  the  enclosed  type  for 
protection  from  chips  and  dirt;  it  is  not  reversible,  a  mechani- 
cal gearing  arrangement  operated  by  a  double  throw  clutch 
being  provided  for  reversing  the  directioii  of  drive.  The  switch 
and  starting  rheostat,  which  control  the  motor,  are  conven- 
iently located  on  the  front  of  the  bed  at  the  left. 

Changes  of  spindle  speed  are  obtained  mechanically  by  the 
clutch  levers  projecting  from  the  head  under  the  guard  hood. 


GEARED   DKIVE   FOR  A   LE  BLOND  ENOI.ME  LATHE.        MULTII'LE-VdLT.VUE 
MOTOR. — BULLOCK   ELECTRIC    MANUFACTURING    COMPANY. 


result — to  combine  simplicity  and  flexibility  in  the  mounting 
of  the  motor  and  the  drive  to  the  spindle,  but  with  varying 
success.  The  following  examples  represent  applications  of 
Bullock  motors  to  operate  upon  the  multiple-voltage  system 
(four  wire)  of  the  Bullock  Electric  Manufacturing  Company, 
Cincinnati,  0.  Controllers  are  used  in  all  of  these  cases,  which 
affords  from  12  to  2G  different  speeds  at  the  motor,  as  well 
as  its  reversal  with  6  speeds.  All  of  these  equipments  have 
proven  very  serviceable  and  have  given  perfect  satisfaction. 
The  first  example,  shown  herewith,  is  a  drive  for  an  18-in. 
engine  lathe,  built  by  the  R.  K.  Le- 
Blond  Machine  Tool  Company,  Cin- 
cinnati, 0.  The  motor  is,  in  this 
case,  mounted  directly  above  the 
headstock  upon  short  brackets  cast 
as  a  part  of  the  headstock  frame. 
In  this  way  the  alteration  of  the 
lathe  was  reduced  to  a  minimum 
and  a  most  direct  drive  obtained. 

The  drive  is  by  gears  direct  to 
the  spindle,  with  changes  of  gear- 
ing to  provide  for  additional 
changes  of  speed.  As  may  be  no- 
ticed, the  controller  is  mounted 
horizontally  upon  the  bed  below  the 
headstock,  and  provided  with  a  long 
splined  shaft  extending  beneath  the 
apron  so  as  to  be  rotated,  and  the 
motor's  speed  changed,  by  a  handle 
permanently  located  upon  the  car- 
riage. 

At  the  left  is  illustrated  a  sim- 
ilarly arranged  drive  upon  a  Fitch- 
burg  lathe,  the  motor  being  in  this 
case  located  at  the  rear  of  the  headstock  instead  of  above. 
The  motor  support  consists  of  a  small  special  bracket  of  neat 
design  bolted  to  the  headstock  frame  and  conforming  to  the 
contour  of  the  field  magnet  ring.     The  drive  is  also  in  this 


GEABED  DRIVE   FOR   A  FITCHBURG    LATHE.        M  I'LTIPLE-VOLTAGE 
MOTOR. BULLOCK    ELECTRIC    MANUFACTURING    COMPANY. 

The  lathe  is  started,  stopped,  or  the  motion  reversed,  and  at 
an  accelerated  speed,  entirely  independent  of  the  motor,  by  a 
lever  attached  to  the  apron,  always  convenient  to  the  operator; 
this  lever  operates  the  double-throw  clutch  in  the  gear  revers- 
ing arrangement  beneath  the  bed.  By  means  of  the  four  differ- 
ent speed  runs  of  gearing  in  the  head  and  the  back  gear,  eight 
even  changes  of  spindle  speed  are  afforded,  varying  from  four 
to  284  revolutions  per  minute. 

The  following  illustrations  of  motor-driven  lathes  present 
examples  of  lathes  driven  by  variable-speed  motors,  and  will 
indicate  what  has  been  done  in  this  branch  of  motor  applica- 
tion.   A  variety  of  attempts  have  been  made  toward  the  desired 


GEARED     DRIVE     FOR     A     36-IN.     POND     LATHE.  MULTIPLE-VOLTAGE 

MOTOR. — BULLOCK    ELECTRIC     MANUFACTURING     COMPANY. 

case  through  gearing  to  the  spindle,  back  gears  and  runs  of 
gearing  permitting  further  changes  of  speed. 

The  engraving  on  page  139  presents  a  different  arrangement 
of  the  motor  for  the  drive.  The  lathe  in  this  case  is  an 
American  Tool  Company's  cabinet  lathe  with  a  special  head- 
stock  arranged  for  the  motor  drive,  a  Bullock  type  N  motor. 
The  motor  is  mounted  upon  a  special  pedestal  bracket  at  the 
rear  of  the  headstock,  with  its  shaft  at  right  angles  to  the 
lathe's  spindle;  the  bracket  is  of  box-shape  construction  bolted 
to  the  rear  of  tne  lathe  bed  and  partly  resting  upon  the  floor. 
The  drive  is  through  a  pair  of  spiral  gears  to  the  spindle  direct, 
giving  a  single-speed   reduction — a  very   simple,   though   ef- 
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fective  arrangement.     The  motor  control 

is,  in  tlu.s  case  as  in  that  of  the  LeBlond 
lathe,  through  the  controller,  located  on 
the  front  of  the  bed  and  operated  througli 
the  agency  of  a  splined  shaft  by  a  handle 
permanently  mounted  on  the  apron.  The 
range  of  speed  thus  afforded  is  further  ex- 
tended by  the  u.sual   ba<'k-goar. 

The  type  of  motor  mounting  favored 
by  the  Pond  Maehino  Tool  Company  is 
shown  on  the  3G-in.  motor-driven  Pond 
lathe  illustrated  on  page  138.  It  is  the  type 
of  motor  mounting  which  is  used  at  the 
CoUinwood  shops  installation  and  has 
been  found  highly  satisfactory.  The 
motor,  also  a  Bullock  motor,  is  supi)orted 
by  a  frame  spanning  the  hcadstock  frame, 
several  runs  of  gears  being  interi)()sed  in 
the  drive  to  the  spindle  to  furnish  addi- 
tional ranges  of  speed. 

A  similar  arrangement  of  motor  is  pre- 
sented by  the  cut  immediately  below, 
which  shows  a  Bullock  motor  mounted  to 
drive  a  Schumacher  &  Boye  engine  lathe. 
The  motor  mounting  is  provided  in  this 
case  by  lugs  cast  en  the  headstock  frame 
to  which  the  motor  is  bolted. 

The  two  remaining  cases,  shown  below,  illustrate  motor 
drives  in  which  the  motors  are  built  into  the  headstock. 
One  is  a  Fitchburg  lathe  and  the  other  one  a  Schumacher 
&  Boye  lathe,  both  motors  being  Bullock  multiple  voltage 
motors.  This  arrangement  results  in  a  very  compact  and  con- 
venient mounting  for  the  motor,  but  it  introduces  an  inherent 
defect   by   virtue   of  the   lack   of   ready    interchangeability   of 


Sl-KLUAL    Sl"IH.\L-liKAU    UKIM';    lOli    .\  M  KlilC  AX    Kior.    C0.\U-ANY\S  C.VBI.NET    LATHE. 

MULTlI'LE-VOLTAliE    MOTOn. — BULLOCK     ELECTKTC    MANtFACTURING 

COirPANY. 


HEAUSTOCIC    UHIVE    ON    A    IITCHUllil^     r.ATIIE. inLLOCK     MolilK. 

the  Bullock  Company  do  not  advocate  this  arangement.  pre- 
ferring the  previously  illustrated  cases  in  which  an  entirely 
standard  motor  is  used,  so  as  to  be  readily  replaced  if  neces- 
sary by  one  of  a  similar  dimension. 


LT'Ki 


GEARED     DRIVE    ON     A     SC'IIITM.\CHER     &     BOYE    LATHE.         MULTIPLE- 
VOLTAGE    MOTOR. — BULLOCK    ELECTRIC     MANUFACTURING     CO. 


•^^ 


HEADSTOCK     UH1\E     ON      SCHUMACHER     &     BOYE     L.\THE. — BULLOCK 

MOTOR. 

motors;  when  a  motor  is  thus  built  into  a  headstock,  with  its 
armature  shaft  serving  as  the  spindle  or  as  a  back-gear,  it 
necessarily  requires  considerable  time  to  replace  it  by  another 
motor  in  case  of  accident  or  necessary  repairs.  For  this  reason 


The  Simplon  funnel  is  progressing  rapidly.  According  to 
Consul  Pearson  (Genoa),  about  4,000  workmen  are  employed 
in  the  tunnel,  and  not  less  than  6,000  on  the  Italian  section  of 
the  road  between  Isella,  at  the  mouth  of  the  tunnel,  and 
Arona,  the  present  terminus  of  the  railway  running  north 
from  Milan.  It  is  now  practically  certain  that  the  road  will 
be  completed  by  July  1,  1905.  The  greatest  of  the  Impedi- 
ments was  the  ever  increasing  heat  in  the  tunnel,  caused  by 
the  growing  volume  of  water,  which,  although  it  starts  at  the 
summit  of  the  mountain,  6,000  feet  above  the  line  of  railway, 
after  percolating  through  beds  of  limestone,  becomes  almost 
boiling  hot  and  flows  Into  the  tunnel  at  a  temperature  of  from 
112  deg.  to  140  deg.  Fahr.,  rendering  not  only  work  but  life 
impossible,  without  resort  to  artificial  means  of  refrigeration. 
The  engineer,  by  turning  cold  air  on  hot  air  and  cold  water 
on  hot  water,  has  reduced  the  temperature  in  the  tunnel  from 
140  deg.  to  70  deg.  Fahr.  The  volume  of  water  flowing  out  of 
the  south  end  of  the  tunnel  is  over  15,000  gals,  per  minute 
and  furnishes  motive  power  sufficient  not  only  to  work  the 
refrigerating  apparatus,  but  to  compress  the  air  by  which 
the  drills  are  operated.  Tnis  tunnel,  when  completed,  will 
be  the  largest  in  the  world — to  wit,  14  miles  long,  or  twice 
the  length  of  the  Mont  Cenis  and  5  miles  longer  than  the 
St.  Gothard.  The  cost  of  the  tunnel  alone  will  be  $13,510,000, 
an  average  ol  nearly  $1,000,000  per  mile. 
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The  investigation  of  the  poi'tion  of  this  subject  relating  to 
stacks  has  been  completed,  and  the  conclusions  reached  by 
Professor  Goss  are  at  hand  and  will  be  printed  in  forthcoming 
numbers  of  this  Journal.  It  is  appropriate  to  remark  at  this 
point  that  this  research  is  undoubtedly  the  most  complete  and 
thorough  which  has  been  made  up  to  this  time  in  connection 
with  locomotive  draft  appliances.  The  Master  Mechanics' 
Association  committee  of  1896  brought  exhaust  pipe  design 
out  from  the  unknown,  and  the  present  tests  appear  to  have 
done  the  same  for  stacks.  These  experiments  establish  the 
correct  stack  and  front-end  relationships  for  the  relatively 
small  locomotive  at  Purdue,  and  the  formula  there  obtained 
are  now  being  tested  upon  large  locomotives  upon  several 
prominent  railroads.  The  results  will  be  brought  before  the 
Master  Mechanics'  Association  in  June.  Upon  them  the  char- 
acter of  the  further  pursuit  of  the  problem  will  depend. 

These  investigations  have  by  no  means  exhausted  the  re- 
sources of  this  journal,  which  has  up  to  this  time  conducted 
the  tests  at  its  own  expense,  but  the  work  has  been  brought 
up  to  a  condition  which  has  naturally  led  to  an  offer  of  co- 
operation by  the  Master  Mechanics'  Association.  Last  year, 
as  a  result  of  a  suggestion  by  President  Waitt  in  his  annual 
address,  a  committee  was  appointed  to  study  the  results,  con- 
sider a  plan  for  extending  the  investigation,  and  to  assist  in 
the  work.  This  committee  will  report  in  June,  and  it  is  the 
desire  of  the  American  Engineer  that  the  investigation  should 
proceed  to  include  other  valuable  and  useful  conclusions  which 
now  appear  to  be  within  reach. 

Professor  Goss  has  never  done  better  or  more  careful  work 
than  that  covered  by  his  report,  and  it  would  be  ungrateful  to 
await  the  presentation  of  his  final  conclusions  to  acknowledge 
his  conscientious  and  even  self-sacriflcious  assistance  and  that 
of  the  trustees  of  Purdue  University,  which  has  been  most 
generous.  Earnest  attention  to  the  report  of  the  committee 
is  hoped  for,  so  that  the  continuation  of  this  investigation 
may  have  the  interested  support  of  all  of  the  railroads  of  the 
United  States,  in  behalf  of  which  the  work  was  originally 
undertaken. 


THE    SPECIAL    APPRENTICE. 


That  several  things  are  wrong  with  the  special  apprentice- 
ship system  is  becoming  evident  to  many  people.  In  spite  of 
the  fact  that  technically  trained  young  men  have  been  avail- 
able in  large  numbers  for  the  past  thirty  years,  the  railroads, 
for  some  reason,  do  not  find  it  easy  to  secure  the  men  they 
need  for  superintendents  of  motive  power. 

One  difficulty  is  that  young  technical  men  seldom  remain  in 
railroad  service  long  enough  to  get  fairly  started  on  the  road 
to  promotion.  This  is  a  matter  for  immediate  thought  and 
action.  One  of  our  contemporaries  expresses  the  opinion,  held 
also  by  many  railroad  officers,  "that  the  railroads  should  do 
something  more  than  they  arq  now  doing  to  make  the  position 
of  its  special  apprentice  more  attractive."  The  American  En- 
gineer does  not  take  this  view. 

There  is  something  about  technical  education  which  makes 
it  difficult,  and  many  times  impossible,  for  a  young  man  to  be 
patient.  Instead  of  constantly  reminding  the  graduate  that 
he  is  supposed  to  be  specially  well  prepared  for  advancement, 
should  he  not  be  led  to  forget  that  he  has  had  any  "advan- 
tages?" 

The  position  of  superintendent  of  motive  power  is  the  one 
which  needs  to  be  made  more  attractive.  When  this  position 
ifl  made  what  it  ought  to  be,  young  men  will  prepare  more 
patiently  to  fill  it.  Technically  educated  men  could  then  enter 
with  confidence  upon  a  long  time  service.  If  they  enter  it 
with  a  view  of  rising  because  of  actual  results  accomplished 
there  will  soon  be  men  enough  for  all  the  positions. 

By  way  of  a  practical  suggestion  with  reference  to  tlie  special 
apprentices  who  have  served  their  time,  why  not  create  new 
positions,'  such  as  assistant  foremen  in  the  shop  and  in  the 
roundhouse?  If  this  can  be  done,  many  of  these  young  men 
may  be  saved  to  railroad  service. 
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COMMUNICATIONS. 


THIRTY-TON    BOX    CAR    WITH    STEEL    UNDER- 
FRAME. 


Tu  (lie  Kililors : 

Ucforring  to  Hie  criticisms  of  the  30-ton  stocl-undorfninic  Imx 
car  in  the  January  issue  of  the  American  ENdiNEEit  and  Kaii.- 
itOAU  .louiiNAl,,  page  IS,  the  writer  feels  it  inc\unl)ont  upon  hiniscU' 
to  reply  as  follows  : 

Regarding  Mr.  Reynolds'  first  question  (February  number,  page 
52) ,  as  to  whether  it  would  not  be  better  construction  to  use 
pressed  steel  sills  instead  of  structural,  it  seems  to  me  that  this 
is  going  somewhat  beside  the  question.  Tlie  underframe  was  de- 
signed as  a  structural  underframe,  and  the  matter  of  whether  or 
not  a  fundamentally  different  lyiie  would  be  better  for  the  purpose 
is  hardly  in  question.  Neither  do  I  see  that  his  suggestions  re- 
garding the  desirability  of  using  wooden  sills  point  the  way  to  a 
proper  solution  of  the  underframe  problem,  because  experience  has 
tended  to  prove  that  tlie  wooden  sill  substructure  is  not  sufficiently 
strong  for  freight-car  service.  Particularly  is  this  true  with  re- 
spect to  pulling  and  buffing  shocks ;  less  so,  of  course,  from  the 
standpoint  of  vertical  loads. 

Concerning  latticing  top  flanges  of  center  sills,  and  not  the  bot- 
tom, it  should  be  answered  that  this  is  proposed  to  meet  the  objec- 
tions of  a  great  many  railroad  men  to  punching  holes  in  the  tension 
flanges  of  longitudinal  sills.  There  is  no  doubt  about  the  fact  that, 
considered  as  a  column,  the  central  backbone  of  the  car  would  be 
much  stiffer  with  cover  plates  top  and  bottom,  but  neither  these 
nor  lattice  bars  were  shown  on  the  bottom  flanges  for  the  reason 
that  they  are  not  believed  to  be  absolutely  essential.  WTiat  pro- 
portion of  a  300,000-pound  blow  on  the  drawbar  would  be  sus- 
tained by  the  center  sills,  the  writer  frankly  confesses  he  does  not 
know;  he  doubts  whether  it  can  be  determined  even  approximately 
in  a  car  frame,  and  is  therefore  disposed  to  be  guided  by  experience 
in   this  particular  matter. 

ITie  designer  readily  agrees  that  the  section  shown  for  the  bot- 
tom member  of  the  body  bolster  may  be  less  than  the  best  practice 
would  indicate  to  be  desirable ;  his  only  reason  for  this  is  that  the 
drawing  was  not  presented  as  a  finished  example,  but  was  prepared 
hurriedly  with  a  view  to  illustrating  a  type,  rather  than  as  a  fully 
worked  out  case,  complete  in  all  details.  It  would  undoubtedly  be 
better  to  strengthen  the  compression  member  in  the  manner  sug- 
gested by  Mr.  Reynolds,  or  by  using  a  heavier  bar. 

The  writer  is  not  sufliciently  familiar  with  the  actual  conditions 
obtaining  in  the  transportation  of  such  materials  as  are  preferably 
carried  in  box  cars,  to  hazard  the  statement  that  an  all  steel  box 
car  would  be  better  than  steel  underframe  equipment  with  a  wooden 
superstructure.  I  imagine  that  under  certain  atmospheric  condi- 
tions a  great  deal  of  moisture  would  condense  on  the  inside  walls 
of  a  steel  box  car,  which  might  be  injurious  to  many  commodities. 

Noting  Mr.  Kennington's  criticisms  of  the  method  of  attaching 
truss  rods  to  the  body  bolsters,  I  think  if  he  will  examine  the  de- 
sign a  little  more  carefully  he  will  see  that  there  is  little  likelihood 
of  failure  at  the  point  mentioned,  for  the  reason  that  the  T's-in- 
rivets  pass  through  the  top  bolster  member  as  well  as  the  large 
gusset  plate,  and  in  addition,  the  truss  rod  bolster  straps  are 
anchored  up  at  the  ends  to  afford  a  bearing  against  the  top  mem- 
ber of  the  transom. 

The  writer  does  not  understand  why  it  is  impossible  to  hold  the 
end  of  the  car  down  against  the  end  gusset  plates  over  the  center 
sills.  As  the  end  frames  would  be  provided  with  the  usual  rods, 
and,  in  addition,  a  wooden  sub-sill  could  be  used,  which  offers  every 
opportunity  to  secure  it  by  bolts  to  the  underframe,  I  do  not  see 
that  there  should  be  much  difficulty  to  .accomplish  this  result. 

There  is  no  doubt  that  if  the  corner  gussets  were  riveted  to  the 
end  sills  as  well  as  to  the  side  sills,  they  would  help  to  stiffen  the 
frame  against  distortion  when  poling ;  the  reason  this  was  not 
done  is  to  have  the  end  sills  as  free  as  possible  from  any  rivets 
that  would  be  difficult  to  remove  in  case  new  end  sills  were  neces- 
sary. Moreover,  since  wooden  cars  are  usually  built  without  any 
diagonals,  and  are  not  seriously  distorted,  it  is  believed  the  scheme 
shown  is  sufficient  for  this  purpose. 

The  writer  agrees  with  Mr.  Kennington  that  it  would  not  be 
entirely  satisfactory  to  use  the  underframe  illustrated  for  flat  or 
gondola  cars  without  .suitable  modifications.  As  this  was  never  the 
intention,  it  is  hardly  necessary  to  say  more  than  that  there  would 
be  no   difficulty   whatever   to   adapt    the   details    to  suit   different 


clas.ses  of  cars  without  departing  in  any  csKontial  particular  from 
the  general  style  of  construction. 

Permit  me  to  say  in  closing  that  tlic  only  imporlanl  featureK  of 
this  design  which  are  advocated,  is  llic  ilse  of  trumud  xtruriurnl 
steel  hUIh  rather  than  jiressed  steel  fish-liellicd  girders,  or  unlruKMcd 
structural  sections  suflicienlly  strong  in  themsplves  to  carry  the 
given  load;  also,  the  general  type  of  body  bolster,  end  sill,  and 
arrangement,  as  a  whole,  of  the  several  parts.  Dimensions  of  de- 
tails and  their  precise  location  would  have  to  be  modified  to  suit 
special  requirements.  From  this  point  of  view,  the  writer  main- 
tains that  his  style  of  underframe  is  very  well  adapted  to  meet 
the  severest  conditions  of  modern  train  service. 

GEORGE    I.    KIN<;. 


WHAT   "BIG    ENGINES"    MEAN. 

Cincinnati,  Ohio,  March  10,  I'.tO."!. 
To  the  Editors : 

In  the  March  issue  of  the  Amemcan  Engineer  and  Railhoak 
.Touknal  a  descriptive  article  appeared  describing  some  new  lo<,'onio- 
tives  recently  built  by  the  Baldwin  Locomotive  Works  for  the 
Chicago  &  .\lton  Railroad.  An  editorial  entitled  "What  Rig  En- 
gines Mean"  appears  in  the  same  issue  in  conjunction  with  this 
article.  The  editorial  says  that  these  engines  were  built  to  do  a 
certain  definite  work,  which  the  most  powerful  pa.s.senger  engines 
previously  built  could  not  do.  The  point  is  also  brought  out  that 
the  motive  power  of  railroads  in  general  is  fast  assuming  propor- 
tions with  which  it  is  difficult  to  cope  with  the  present  shop  facili- 
ties. This  is  a  condition  which  naturally  exists  when  any  line  of 
mechanical  business  is  on  the  increase.  It  Ls,  of  course,  especially 
true  in  railroad  work.  The  management  is  interested  primarily 
in  the  output,  or  the  work  done.  The  facilities  for  doing  this  work 
are  more  or  less  secondary  and  always  follow. 

No  one  with  any  knowledge  of  existing  conditions  or  of  Ihe  his- 
tory of  past  development  of  railroad  work,  and  mechanical  work  in 
general,  would  venture  to  make  a  prophecy  as  to  the  limit  in  size 
of  locomotives,  or  in  fact  any  cla.ss  of  machinery.  There  may  be, 
however,  a  limiting  condition  which  will  have  a  decided  influence 
upon  the  size  of  locomotive  units.  It  does  not  require  a  very  great 
stretch  of  the  imagination  to  see  passenger  service  of  all  the  heavy 
trunk  line  roads  divided  up  into  small  units,  these  units  being  pro- 
pelled by  electricity,  which  is  generated  in  stationary  plants.  Tliis 
would  make  possible  an  economical  operation  of  small  units  im- 
po.ssible  with  the  present  propelling  power.  Looking  forward  to 
this  condition,  of  course,  does  not  meet  with  the  favor  of  a  great 
many  interested  parties,  but  it  is  sure  to  come. 

The  writer,  in  conversation  with  the  chief  engineer  of  the  New 
York  Manhattan  Elevated  Railroad  exactly  six  years  ago,  ex- 
pressed the  opinion  that  the  elevated  trains  would  be  operated  by 
electricit.v  by  a  system  in  which  each  car  would  supply  its  own 
motive  power.  The  expression  of  this  idea  provoked  a  rather  sar- 
castic smile  on  the  countenance  of  the  chief  engineer.  Ilis  reply 
was  to  the  effect  that  they  were  doing  certain  work  with  a  certain 
amount  of  fuel  and  attendance,  and  "how  could  you  hope  to  im- 
prove upon  that  condition?"  It  is  needless  to  comment  on  this  mat- 
ter further,  as  the  millions  of  dollars  which  this  company  is  ex- 
pending for  this  equipment  is  conclusive  evidence  that  there  must 
be  improvement  hoped  for  somewhere.  Can  we  not  reasonably  hope 
to  see  the  passenger  service  of  the  principal  railroads  throughout 
the  country  handled  on  a  similar  plan  to  the  one  in  use  on  the 
Manhattan  Elevated  Railroad? 

There  are,  however,  many  modifications  and  improvements  that 
can  be  made  in  applying  this  method  of  propulsion  to  railroads, 
among  which  might  be  mentioned  the  possibility  of  making  head-on 
and  tail-end  collisions  an  impossibility.  This  could  be  easil.v  accom- 
plished by  cutting  the  line  into  sections  and  so  arranging  that  there 
must  be  one  dead  section  between  each  two  trains  at  all  times.  A 
train  or  a  car  entering  this  dead  section  will  not  only  be  deprived 
of  its  power,  but  will  have  all  of  its  braking  power  applied  in- 
stantly. Such  an  arrangement  would  make  very  high  speeds  possi- 
ble, feasible  and  safe. 

The  concentration  of  such  enormous  weights  in  trains,  which  are 
to  be  propelled  at  a  high  speed,  makes  the  question  of  retardation 
one  of  very  great  importance  and  is  certainly  fraught  with  many 
difficulties  and  no  small  degree  of  danger.  The  advantages  of  the 
reduction  of  weight  of  the  moving  mass  to  a  minimum  are  too  well 
known  to  need  any  explanation.  The  question  of  how  this  is  to  be 
accomplished  is  a  matter  of  development.  This  development  is 
rapidly  taking  place  and  there  will  certainly  be  some  radical 
changes  in  the  near  future.  W.  COOPER. 
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THE    DAVIS    COUNTERBALANCE. 


To  the  Editors: 

Mr.  Fettoi-s"  slalemout  ol:  llif  acliim  ol'  coiintiTUahuico  wriylil.s 
ill  lii.s  lettpv  on  the  Davis  Counterlialauee  is  con-eot. 

Tlierp  is  nothing  whicli  can  be  accomplished  by  the  Davis  .system 
wbicli  cannot  be  accomplished  by  the  Master  Mechanics'  method  as 
outlined  in  the  ISOG  and  1S07  reports;  if  the  same  proportion  ot 
tlie  reciprocating  parts  are  used  to  determine  the  needed  counter- 
balance weights.  If  any  superiority  ha.s  been  sliown  for  the  Davis 
system  I  should  suspect  some  form  of  comparison  had  been  made 
with  some  engine  on  which  the  exact  state  of  the  counterbalance 
weights  had  either  not  been  determined  or  had  not  been  corrected 
before  the  test. 

The  only  other  possibility  I  see  is  that  if  the  Davis  balance  com- 
pels a  heavier  wheel  owing  to  the  scheme  of  location  used,  one 
pound  added  to  counterbalance  the  reciprocating  parts  would  have 
less  effect  than  on  a  lighter  wheel,  as  the  disturbance  caused  by 
any  weight  is  inversely  as  the  mass  on  which  it  acts.  It  will  be 
ri'inembered  that  in  Attwood's  machine  for  demonstrating  the  law 
of  falling  bodies  that  where  the  two  weights  designated  as  "I"' 
svere  su.spended  by  a  cord  and  exactly  balanced  on  a  pulley,  one 
weight,  "P,"  at  either  end  of  the  cord,  when  the  small  weight  des- 
ignated as  "p"  was  added  to  one  side  it  fell,  not  freely  like  any 
imlinary   body,   but    with   decreased   acceleration,   according    to    the 

formula   .  or  inversely  as  the  mass. 

2P  +  P 
The  writer  has  had  it  stated  to  him  that  engines  which  had  bad 
the  size  of  the  wheel  increased  by  leaving  on  IV-  ins.  of  the  old  tire 
as  a  rim.  rode  better  than  formerly  at  high  speeds.  If  they  did  I 
should  explain  it  by  the  above,  as  the  counterbalance  was  not 
touched.  This  proposition  could  be  probably  demonstrated  better 
if  a  small  model  were  used  than  in  actual  practice,  as  the  model 
would  allow  a  variation  of  proportion  not  met  with  or  fea.sible  in 

.•  X.  Y.  Z. 

practice. 


tiou  of  the  superintendent  of  motive  power  was  called  to  this  fact 
he  admitted  the  force  of  the  argument  and  has  a  set  of  wheels  in 
use  and  is  specifying  the  Davis  wdieels  under  his  locomotives  as  he 
orders  additional  power,  as  a  direct  result  of  the  practical  experi- 
ence had  from  using  the  wheels. 

The  time  was  when  all  the  wise  men  of  the  world  insisted  that 
the  world  was  flat,  and  when  the  old  mariner  startled  the  world  as 
then  constituted  by  his  statement  with  regard  to  his  ability  to  -sail 
around  the  world,  they  took  the  old  man  and  locked  him  up  because 
they  said  he  was  crazy ;  but  after  a  while  people  broke  away  from 
their  traditions  of  the  past,  and  they  were  able  to  see  things  as 
this  man  saw  them,  and  as  a  result  America  was  discovered. 
America  was  always  here,  and  it  simply  needed  some  man  wdio  was 
sufficiently  receptive  to  the  truth  to  discover  the  fact  to  the  balance 
of  the  world. 

I  honestly  and  candidly  believe  that  Philip  Z.  Davis  of  Texas 
has  made  a  great  discovery  in  the  haw  that  he  has  discovered  in 
connection  with  the  counterbalancing  of  locomotive  driving  wheels, 
and  the  practical  experience  that  we  are  getting  from  the  use  of 
these  wheels  under  the  large  number  of  locomotives  equipped  with 
them  to-day  serves  to  est.ablish  this  fact,  and  all  of  those  who  try 
the  Davis  wheels  express  the  same  opinion  with  regard  to  the  prac- 
tical side  of  the  question,  and  therefore  the  Davis  wheel  has  ceased 
to  be  a  theory  and  has  become  an  established  fact. 

Mr.  Fetters'  article  is  simply  a  very  strong  endorsement  of  all 
that  is  claimed  for  the  Davis  wheel,  in  that  he  points  out  uninten- 
tionally the  fact  that  where  the  counterweight  is  disposed  180 
degrees  from  the  crank  there  is  absolutely  no  resultant  force  be- 
tween the  two  revolving  weights,  i.  c  the  crank  and  the  counter- 
balance :  but  when  the  counterbalance  is  placed  -so  that  the  counter- 
balance is  always  120  degrees  from  the  crank  and  the  two  counter- 
balances are  necessarily  120  degrees  from  each  other,  then  you  ha\e 
a  correctly  counterbalanced  wheel,  and  it  is  perhaps  a  remarkable 
phenomena  that  vou  can  do  with  three  weights  what  you  can  do 
with  four.  ■  IRA  C.  IIUBBELL. 


St.  Louis.  March  14,  1903. 

To  the  lOdilors  : 

1  am  much  interested  in  an  article  that  appears  on  page  108  of 
vour  issue  of  March  over  the  signature  of  Mr.  A.  II.  Fetters.  It 
is  not  a  great  while  since  that  I  received  a  letter  from  a  prcmiinent 
superintendent  of  motive  power  and  machinery,  from  which  I  wish 
to  quote  as  follows  : 

••I  am  of  the  opinion  that  the  rules  adopted  by  the  JIaster  Me- 
chanics' Association  pretty  thoroughly  cover  the  counterbalance 
<luestion,  and  while  it  «  Irue  that  thcij  do  iwt  jnoridc  a  perfect 
ruiinicrhalaiiec.  it  is  certaiuly  true  that  our  modern  engines  are 
giving  us  no  trouble. 

"Your  circular  about  Davis  driving  wheels  states  that  the 
weights  determined  under  the  Master  Mechanics'  Association  rules 
are  placed  at  each  of  the  two  points  located  at  an  angle  of  1'20 
degrees  from  the  crankpin,  and  it  is  claimed  that  in  this  location 
the  centrifugal  forces  due  to  the  revolving  weights  counteract  each 
other. 

•'Now,  as  a  matter  of  fact,  the  ccntrifvgal  forces  of  these  two 
counterhalances  act  exactly  as  the  resultant  icould  act,  and  it  can 
he  proven  that  the  resultant  is  equal  in  force  and  directum  to  the 
centrifugal  forces  due  to  our  counterhalance  as  at  present  located; 
therefore  it  is  evident  that  the  Davis  system  calls  for  twice  the 
counterweight  in  a  wheel  center  that  we  now  put  in,  and  with  no 
improvement  in  the  balance." 

The  italics  in  the  above  quotation  are  mine,  and  are  given  to 
emphasize  the  statement  made  by  Mr.  Fetters  wherein  he  calls 
attention  to  the  fact  that  the  resultant  as  between  the  center  of 
gravity  of  the  weights  A  and  B  is  at  the  point  C,  being  the  middle 
of  a  straight  line  connecting  the  two  centers  of  gravity,  and  ISO 
degrees  from  the  crank. 

Mr.  Fetters,  I  think,  has  overlooked  the  same  important  point  lliat 
the  superintendet  of  motive  power  overlooked  when  he  wrote  me 
the  letter  from  which  I  have  quoted  as  above,  in  that  it  necessarily 
follows  that  if  there  is  the  resultant  effect  mentioned  as  between 
the  weights  A  and  B,  there  is  the  same  resultant  effect  as  between 
the  center  of  gravity  of  the  cranknin  and  its  weight,  and  the 
counterbalance  weight  B  as  between  the  two  counterbalance 
weights  A  and  B ;  and  if  there  is  this  resultant  between  the  center 
of  gravity  of  the  crankpin  and  the  center,  of  gravity  of  the  weight 
B,  then  there  is  a  similar  resultant  as  between  the  center  of  gravity 
of  the  craukiiin  and  its  weights  and  the  center  ot  gravity  of  counter- 
balance weight  A,  yielding  a  correct  distribution  of  weights  neces- 
sary for  a  correctly  counterbalanced  wheel ;    and  when  the  atten- 


3325  Washington  Avenue, 
St.  Louis,  March  12,  1903. 
To  the  Editors  : 

Referring  to  an  article  in  your  March  number  by  A.  H.  Fetters 
relative  to  the  Davis  method  of  counterbalancing,  I  will  say  that 
I  haven't  time  to  indulge  in  a  technical  discussion  oi  this.  How- 
ever, when  I  was  workhig  for  the  'Frisco  system  I  had  the  oppor- 
tunity of  calipering  the  wheels  of  a  ten-wheel  engine  equipped  with 
this  counterbalance.  After  being  in  service  eighteen  months  the 
greatest  difference  in  the  lengths  of  diameters  drawn  through  six- 
teen points  on  the  circumfe*nce  of  the  tire  was  three-one-hun- 
dredths  of  an  inch.  This  same  engine  was  frequently  in  the  shop 
for  tire  work  when  equipped  with  the  "old  style"  counterbalance, 
with  tires  badly  worn  out  of  round.  Furthermore,  persons  having 
little  or  no  mechanical  knowledge  were  given  rides  on  similar  en- 
gines equipped  with  the  two  types  of  counterbalance,  and  even  they 
were  able  to  discern  the  easier  riding  qualities  of  the  engine  with 
the  Davis  system.     These  are  facts.  C.  E.  MILLER. 


Merrill  Van  G.  Smith  has  been  appointed  associate  profes- 
sor of  mechanical  engineering  by  the  Board  of  Trustees  of 
the  Clarkson  School  of  Technology,  Potsdam,  N.  Y.,  to  fill 
tne  chair  made  vacant  by  the  resignation  of  Professor  Robin- 
son last  November. 


The  Ingersoll-Sergeant  Company  are  considering  the  instal- 
lation of  variable-speed  motor  driving  equipments  for  the 
machine  tools  in  their  new  Phillipsburg  factory,  having  com- 
missioned the  firm  of  Dodge  &  Day,  of  Philadelphia,  to  in- 
vestigate the  subject  and  to  thus  equip  a  number  of  the  large 
machine  tools. 


The  General  Electric  Company  recently  secured  a  contract 
from  the  Interborough  Rapid  Transit  Company  to  furnish  340 
motors  and  340  control  equipments  for  the  motor  cars  of  that 
road.  At  the  same  time  an  order  for  the  other  half  (340) 
of  the  motors  was  given  to  the  Westinghouse  Electric  &  Manu- 
facturing Company.  This  control  equipment  is  a  combination 
of  the  Sprague  and  General  Electric  systems  and  except  in  a 
few  details,  is  similar  to  that  used  so  successfully  on  the 
Manhattan  Elevated. 


April,  1903. 
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MACHINE    TOOL    PROGRESS. 


li'liKIIS    AND     UlCIVUK. 


1!V   U.    VV.    OltKUT. 


IV. 


The  positive-drive  viuialile  .speed  meehanisni  wliirli  tlic 
Ameiiean  Tool  Works  Company,  Cincinnati,  Ohio,  have  re- 
cently applied  to  the  new  model  of  their  18-in.  engine  lathe 
involves  an  interesting  design,  the  most  important  features 
of  vv'hieh  are  compactness,  wide  range  of  speed  changes  possi- 
ble and  ease  of  making  changes.  It  will  give  44  changes  of  feed 
or   cut  44   different   threads,    each   change   availaliln    instantly 


FIG.     17. — THE    NEW    18-IN.     ENGINE    I^VTHE,     SHOWING     AHUANGEMENT    OF     THE     VAK1AIU.E-SPEED 
FEEDING    ATTACHMENTS. — AMERICAN    TOOL    WORKS    COMPANY. 

without  the  removal  of  a  single  gear  and  without  stopping  the 
machine;  the  entire  series  can  be  made,  each  one  complete 
and  ready  for  work,  in  rfO  seconds. 

This  feed-gearing  attachment,  like  the  device  discussed  in 
the  second  number  of  this  series  of  articles,  consists  essen- 
tially of  two  distinct  variable-speed  mechanisms,  one  deliv- 
ering motion  to  the  other.  The  mechanism  on  this  lathe, 
which  receives  its  drive  directly  from  the  headstock  spindle, 
is  a  four-speed  change  gear  box,  F  (see  accompanying  engrav- 
ings), which  may,  by  proper  adjustment  of  its  controlling 
handles,  G  and  J,  deliver  any  one  of  the  four  speed  ratios, 
]  to  2,  1  to  1,  1  to  %  or  1  to  %,  to  the  second  mechanism. 
The  second  mechanism,  E,  is  an  eleven-speed  gear  box  of  the 
cone  of  gears  and  movable  pinion  type  and  has  a  novel  ar- 
rangement for  bringing  the  pinion  up  into  mesh  with  the 
gears  of  the  cone. 

Fig.  18  illustrates  diagrammatically  the  principle  of  the 
four-speed  mechanism,  F.  It  consists  of  a  cast-iron  gear  box 
arranged  for  bolting  to  the  lathe  bea  by  means  of  the  lugs, 
U  and  V,  and  containing  the  three  shafts  shown  in  the  sec- 
tional view  through  X-Y-Z,  an  upper,  a  stud  and  a  lower  shaft. 
The  upper  shaft  receives  power  through  the  gear,  3,  and  is 
provided  witn  a  five-jaw  clutch,  L,  by  which  it  may  be  thrown 
into  connection  with  either  gear,  A  or  B,  by  movement  of 
the  clutch  handle,  G,  outside  of  the  case.  Gear  A  meshes  with 
gear  6  and  gear  B  meshes  with  gear  7,  both  of  gears  6  and  7 
being  keyed  to  a  sleeve  running  upon  the  stud  shaft,  so  that 
as  either  A  or  B  is  in  clutch  the  sleeve  is  given  a  fast  or  a 
slow  speed. 

Motion  is  delivered  to  the  lower  shaft  either  directly  from 
gear  7  or  from  the  gear  8,  which  is  cut  upon  the  end  of  the 
sleeve.    Gear  8  meshes  wim  gear  C  and  gear  7  with  D,  so  that 


at  whatever  speed  the  sleeve  is  running,  C  receives  a  slow 
speed  and  I)  a  high  speed  from  It.  The  lower  shaft,  upon 
which  C  and  I)  loosely  revolve,  is  fitted  with  a  five-jaw  clulcdi, 
K,  similar  to  the  upper  clutch,  by  means  of  which  it  may 
be  thrown  into  connection  with  eithnr  of  gears  C  or  D  by 
proper  movement  of  lower  clutch  handle,  J. 

Thus  it  may  be  seen  that  as  the  sleeve  on  the  stud  shaft 
may  be  made  to  revolve  at  two  different  speeds  and  also  as 
it  may  deliver  motion  to  the  lower  shaft  at  either  of  two 
different  speeds,  this  device  is  capable  of  delivering  four  dif- 
ferent speeds  from  the  lower  shaft  by  merely  arranging  the 
clutch  handles,  G  and  .J,  for  the  proper  clutching.  The  han- 
dles, G  and  J,  are  clearly  indexed  outside  the  box  to  show  what 
iKisitinn  connects  their  clutches  with  gears  A  or  B  and  C  or  D. 

The    clutch    Jaws    are    of 
steel,  and  all  the  gears  in 
this    device    are    cut    from 
solid  steel  blanks,  all  being 
made  very  strong  so  as  to 
be  capable  of  safely  with- 
standing the  shock  of  being 
suddenly  thrown  on  feed  or 
the  feed  changed  while  the 
tool  is  taking  a  heavy  cut. 
The  second  gear  mechan- 
ism,  E,    is   located    within 
the    bed    of   the    lathe    be- 
neath    the    headstock,     as 
shown  in  Fig.  19.      It  con- 
sists   of    the    cone,    Q,    of 
eleven  gears  keyed  in  order 
of  size  upon  a  shaft  and  a 
sliding  tumbler   pinion,   P, 
which    may    be    placed    in 
mesh    with    any    of    them. 
Power  is  delivered  to  this 
mechanism     through     the 
splined  shaft  W,  which  is 
an   extension  of  the  lower 
clutch    shaft    of    the    four- 
speed     gear     mechanism. 
Upon    this   shaft    is   feathered    a   sleeve    carrying   a    gear,    O, 
which    meshes   with   and   drives   the   tumbler   pinion   P;     the 
tumbler  pinion   is  carried   by  a  rocking   frame,   R,   which    is 
mounted  upon  the  sleeve,  as  shown  in  the  sectional  view  at 
M-N.    The  sleeve  acts  as  a  revolving  support  for  the  frame  R, 
which  carries  the  pinion,  P,  at  the  rear  and  is  extended  out 
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Section  through  X-Y-Z 
-THE    iX)UR-SI'EED    CHANGE    GEAR    MECHANISM. 


at  the  front  through  an  inclined  slot  iu  the  front  of  the  bed 
by  means  of  a  gooseneck-shaped  extension. 

The  method  of  changing  the  gear  ratios  of  this  mechanism  is 
simply  that  of  lowering  pinion  P  out  of  mesh  with  the  cone  Q, 
which  is  accomplished  by  unlocking  handle  H,  outside  the 
frame,  and  raising  it  slightly,  after  which  the  whole  frame  is 
moved  along,  carrying  with  it  the  sleeve  and  gear  0,  until  P 
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is  in  line  with  the  desired  gear  on  the  cone.  The  proper  posi- 
tion of  the  handle  H  for  the  proper  meshing  of  pinion  P  with 
any  one  of  the  gears  on  the  cone  is  easily  determined  by  the 
numbered  index  and  the  locking  holes  at  E,  as  shown  in  Fig. 
17;  the  hanu^e  h  neecis  only  to  be  brought  under  the  number 
corresponding  to  the  cone  gear  desired  and  its  pull-pin  dropped 
into  the  locking  hole  below  that  number. 

Fig.  20  shows  diagrammatically  the  principle  of  the  drive 


stand  the  heavy  duty  imposed  by  the  fast  cutting  speeds  and 
heavy  feeds  attending  the  use  of  the  new  high-speed  tool  steels, 
and  this  has  been  demonstrated  by  frequent  tests  on  the  new 
lathe.  These  tests  were  taken  on  5o  point  carbon  steel  with 
the  following  cuts:  %  in.  deep  at  feed  of  %  in.  per  revolution 
of  spindle;  cut  %in.  deep  at  feed  of  1-16  in.  per  revolution  of 
spindle;  cut  %  in.  deep  at  feed  of  1-32  in.  per  revolution  of 
spindle.     These  cuts  were  taken  at  a  cutting  speed  of  60  ft.. 


t:> 


Section  at  M-N 


FIU.    19. EXTERN.\L   END    VIEW   OF    L.VTIIE,    AKD    CROSS    AND  LONGITUDINAL    SECTIO.NS    OF    THE    ELEVEN-SI'EED    MECHANISM 

WITHIN    THE    BED. 


Upper 


from  the  lathe's  spindle  through  both  gear  mechanisms  to 
the  lead  screw  gear  T  within  the  bed  and  thence  to  the 
splined  feed  rod  outside  which  is  driven  from  it.  The  gear  S 
on  the  lathe's  spindle  drives  the  upper  shaft  of  the  four- 
speed  mechanism  through  intermediate  gears  1  and  2.  The 
lower  shaft  of  this  mechanism  is  extended  through  and  used 
as  the  driving  shaft,  W,  of  the  eleven-speed  mechanism,  while 
the  gear  on  the  end  of  the  gear-cone  shaft  drives  the  lead 
screw  directly.  The  arrangement  of  the  pull-pin  in  handle  H 
and  of  the  locking  holes  is  also  clearly  shown  in  this  drawing. 

The  result  of  the  use  of  this  combination  feed- 
ing mechanism  is  extreme  simplicity  for  the 
operator  when  cutting  screw  threads.  A  simple 
but  complete  index  plate  is  attached  to  the  lathe 
which  shows  at  a  glance  the  arrangement  of 
knobs  necessary  for  the  two  mechanisms  in 
order  to  obtain  any  one  of  the  44  different 
threads  within  its  range.  A  fac-simile  of  the 
index  plate  is  reproduced  below  to  indicate  its 
extreme  simplicity. 

Each  one  of  the  double  columns  labeled  A-D, 
B-D,  etc.,  presents  the  combinations  possible 
with  any  one  of  the  four  speeds  to  be  had  from 
gear  box  F.  Thus,  with  combination  B-C  in 
gear  box  F  (the  slowest  speed  obtainable  from 
it),  by  placing  knob  H  in  locking  hole  5  of 
mechanism  E,  22  threads  will  be  obtained  per 
inch;  if  placed  in  hole  9,  28  threads  per  Inch 
will  result,  and  so  on.  It  is  very  simple,  involv- 
ing, as  it  does,  no  changing  of  gears,  and  above  all  is  ex- 
tremely quickly  handled. 

Particular  stress  should  also  be  laid  upon  the  exceptional 
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-DIAGRAM    ILLUSTRATING    PRINCIPLE   OF   THE   DRIVE    THROUGH    BOTH 
MECHANISMS. 


but  on  lighter  cuts  speeds  as  high  as  150  ft.  were  maintained. 
This  is  remarkable  work  for  an  18  in.  lathe.  The  builders, 
gratified  at  the  signal  success  attenuing  the  introduction  of 
this  size  of  the  "American"  lathe,  have  extended  the  line  so  as 
to  embrace  everything  from  16-in.  to  36-in.  swing,  and  the 
designs  of  the  other  sizes  are  being  brought  through  to  com- 
pletion as  rapidly  as  possible. 


8  to  16 


16  to  32  32  to   64 

producing   capacity   of   the    lathe.     The   steel    gears   and   ex- 
tremely strong  construction  enables  the  lathe  to  easily  with- 


64   to   128 

gears   and 


The  annual  engineering  number  of  the  Railway  Age,  of 
March  20,  surpasses  every  previous  special  number  of  that  or 
any  other  railway  publication.  It  has  248  pages  of  text  and 
illustrations,  and  in  addition  to  matter  appropriate  to  the 
meeting  of  the  American  Railway  Engineering  and  Mainten- 
ance of  Way  Association,  it  presents  in  full  the  papers  and  a 
verbatim  report  of  the  discussions  of  the  entire  convention. 
Such  an  undertaking  would  stagger  any  other  newspaper 
organization  in  this  field,  and  The  American  Engineer  con- 
gratulates Mr.  Wilson  and  his  staff  upon  the  result,  especially 
upon  the  164  pages  of  advertising. 
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A    NEW    FOUR-CYLINDER    BALANCED    COMPOUND 
LOCOMOTIVE. 


This  design  was  developed  and  patented  by  Mr.  Francis  J. 
Cole,  mechanical  engineer  of  the  Schenectady  Works  of  the 
American  Locomotive  Company.  It  has  not  yet  been  put  Into 
the  form  of  working  drawings  and  thus  far  there  are  no  plans 
for  immediate  construction,  but  the  idea  is  placed  on  record 
from  the  patent  drawing  because  of  its  interest  and  im- 
portance. 

This  plan  includes  long  connecting  rods  for  both  high  and 
low  pressure  cylinders,  continuous  valve  chests  for  the  high 
and  low  pressure  cylinders  on  each  side,  guides  for  the  high- 


NEW    LOCOMOTIVE    AND    CAR    SHOPS. 


COLLINWOOD,    OHIO. 


Lake  Shore  £  Michigan  Southebn  Railway. 


VII. 


f;HIM)TNfi    PR0CRS8E8    FOB    U)COMOTIVE    REPAin    WORK. 


Grinding  processes  will  become  an  Important  feature  of  the 
machining  operations  at  the  Colllnwood  shops.  Several  dif- 
ferent types  of  grinding  machines  have  been  Installed,  one  of 
which  is  the  heavy  Norton  grinding  machine  for  cylindrical 
work,  another  the  Gardner  disc  grinder  for  flat  surface  work. 


A     NEW     FOUR-CYLINDER     BALANCED     COMPOUND     IXJCOMOTIVE. 
DESItlNED    BT   FRANCIS    J.    COLE. 


SECTION     THROUGH     LOW-PRESSURE     CYLINDERS. 

pressure  cylinders  supported  under  the  saddles  of  the  low- 
pressure  cylinders,  and  the  high-pressure  cylinders  are  placed 
sufficiently  far  ahead  to  permit  of  taking  out  either  of  the 
pistons  without  interfering  with  the  guides  or  any  parts  ex- 
cept the  corregpouding  cylinder  heads.  A  side  elevation  and 
transverse  section  are  shown  as  applied  to  a  4 — 4 — 2  type  loco- 
motive for  passenger  service. 

The  smoke-box  rests  on  the  low-pressure  cylinder  saddles 
iu  the  usual  way  and  the  low-pressure  main  rods  couple  to 
the  rear  driving  wheels.  The  high-pressure  cylinders  are  cast 
together  and  are  secured  to  the  frames,  which  are  extended 
toward  the  front  of  the  locomotive  to  receive  them.  They 
couple  to  the  forward  axle,  which  is  cranked. 


Pullman  buffet  parlor  car  service  has  been  Inaugurated  on 
the  Pennsylvania  lines  between  Pittsburgh  and  Erie,  Pa.  This 
line  runs  through  important  business  sections,  including 
Newcastle  and  Sharon,  Pa.  The  service  will  be  appreciated 
by  many  business  men. 


and  in  the  grinding  room  one  7-ft.  grindstone  is  now  in  use 
and  provision  has  been  made  for  a  second.  Two  36-in.  polish- 
ing wheels  of  a  type  made  by  the  Railway  Company,  for 
buffing  links,  rods,  straps  and  similar  work,  are  also  located 
there  and  will  be  supplemented  by  one  or  more  buffing  stands 
as  required.  In  the  erecting  shops  one  electrically-driven 
double-head  emery  grinder,  with  emery  wheels  18-in.  diameter 
and  2-in.  face  fitted  with  the  Safety  Emery  Wheel  Company's 
collars,  is  now  placed  and  three  more  of  these  machines  will 
soon  be  in  use  to  afford  grinding  facilities  convenient  to  any 
of  the  pits.  A  number  of  other  emery  wheels  are  located 
around  the  shops  so  that  in  no  case  will  it  be  necessary  for  a 
man  to  go  far  to  be  able  to  use  an  emery  wheel  in  place  of  a 
file.  The  assured  success  of  the  grinding  processes  and 
methods  of  finishing  work  will  be  watched  with  great  interest 
by  all  who  are  concerned  with  the  improvement  of  railroad 
shop  methods. 

The  Norton  grinder  is  similar  to  the  standard  18  by  96-inch 
heavy  plain  grinding  machine  made  by  the  Norton  Grinding 
Company,  Worcester,  Mass.,  with  the  exception  that  the  table 
is  made  with  a  gap,  allowing  work  28  in.  in  diameter  to  be 
swung.  The  standard  form  of  this  machine  was  described  in 
the  July,  1902,  issue  of  this  journal;  it  will  accommodate  work 
8  ft.  between  centers,  and  is  of  very  heavy  construction,  the 
wheel  stand  slide  alone  weighing  about  1,400  lbs.,  while  the 
entire  machine  complete  weighs  about  13,500  lbs.  The  grind- 
ing wheel  used  is  24  ins.  in  diameter  and  3  ins.  thick,  and  in 
order  to  maintain  the  necessary  absolutely  rigid  relation  be- 
tween the  wheel  axis  and  the  work  axis,  the  resting  points  are 
placed  as  near  together  as  a  uniform  rigidity  of  the  base  will 
permit.  A  valuable  feature  of  the  design  of  this  machine  is 
that  its  base  is  a  single  massive  casting,  arranged  to  actually 
rest  upon  the  floor  in  three  points  only  (see  illustrations  of 
the  machine  upon  page  146),  so  that  no  disturbance  is  pos- 
sible from  the  settling  of  floors,  and  thus  no  foundation  is 
required  for  it. 

In  changing  the  design  of  this  machine  to  arrange  for  the 
gap  permitting  a  28  in.  swing,  it  was  found  necessary  to  dis- 
card the  mechanism  for  grinding  tapers,  but  taper  grinding 
will  not  be  found  a  necessity  in  railroad  repair  work.     The 
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tailstock  has  been  somewhat  changed  for  this  machine,  in 
that  an  adjustment  has  been  provided  for  aligning  the  work 
straight.  The  grinding  wheel  is  made  with  an  offset  to  permit 
the  wheel  to  traverse,  when  grinding  piston  rods,  to  within 
'/s  in.,  or  less,  of  the  piston  head — this  will  be  found  close 
enough  for  all  practical  purposes.  This  machine  is  arranged 
for  six  changes  of  grinding  wheel  speed,  eight  changes  of 
speed  of  the  work  and  sixteen  changes  of  table  speed,  all 
speeds  being  entirely  independent  of  each  other. 

A  sufficient  variety  of  work  has  already  been  done  on  the 


In  trueing  up  piston  rods 
that  are  brought  in  for  re- 
pairs they  are  placed  directly 
into  the  grinding  machine  and 
ground  to  a  true  cylindrical 
surface  in  8  to  10  minutes 
(grinding  time  only),  no  lathe 
work  being  found  necessary  at 
all.  In  finishing  new  rods  a 
sufficient  reduction  is  obtained 
in  the  roughing  cut  in  the 
lathe  to  bring  the  diameter 
down  within  1-64  to  1-32  in.  of 
that  required  when  finished, 
after  which  it  is  ground  down 
to  a  true  surface  in  the  grind- 
ing machine  in  a  time  almost 
as  short  as  that  required  for 
the  trueing-up  process.  It  is 
expected  that  when  the  hoist- 
ing apparatus  for  handling  the 
work  into  and  out  of  the  ma- 
chine is  installed,  the  total 
time  of  finishing  a  piston  rod 
by  grinding  will  amount  to 
only  fifteen  minutes  on  the  av- 
erage— this  including  all  time 
of  handling. 

Valve  stems  are  ground  com- 
plete in  from  fifteen  to  twenty 
minutes,  including  the  time 
required  in  handling,  while 
crankpins  are  finished  off  in  from  five  to  fifteen  minutes  each, 
according  to  the  size  and  shape.  In  all  cases  the  usual  beauti- 
fully true  surface  resulting  from  the  grinding  process  is  ob- 
tained, together  with  the  absolute  certainty  of  correct  cylindri- 
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Norton  grinder  to  fully  demonstrate  its  utility  in  repair  work. 
Piston  rods,  valve  stems,  and  crank  pins,  have  been  finished  by 
grinding  in  record-breaking  time.  The  hoisting  apparatus 
which  is  to  be  placed  over  this  machine  to  facilitate  the 
handling  of  heavy  parts,  such  as  piston  rods  with  pistons  in 
place;  is  not  yet  installed,  so  as  to  enable  the  total  times  re- 
quired for  certain  finishing  operations,  including  hoisting 
onto  the  table  and  removing,  to  be  ascertained;  but  we  are 
enabled  to  present  the  time  required  in  the  machine  tor  sev- 
eral classes  of  work. 


MDIllli-llRTVEN    CIARDNEK   DISC    CRINDER. — CHAS.    n.    BEST.Y    *   CO. 
COLLINWOOD    SHOPS. — L.    S    &    M.    S.    RY. 

cal  shape.     Mr.  Vaughan,  Assistant  Superintendent  of  Motive 
Power,  states  that  this  work  is  finished  by  grinding  at  a  cost 
Of  only  one-sixth  to  one-tenth  of  that  which  would  be  entailed 
by  the  usual  processes  in  the  lathe. 
The  secret  of  success  in  cylindrical  erindlns  seems  to  lie  In 
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having  sufficient  rigidity  in  tlie  frame  of  tlie  macliine  in  order 
to  maintain  the  wheel  axis  and  the  work  axis  in  exact  relation 
to  each  other,  and  also  in  having  the  table  movement  so 
gauged  that  the  work  will  traverse  a  distance  equal  to  the  full 
width  of  the  grinding  wheel  during  every  revolution  of  the 
work  spindle.    These  conditions  not  only  produce  absolute  ac- 
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10-11. P.     MULTIPLE-VOLTAGE    CROCKER-WHEELER    MOTOR. 
COLLINWOOD   SHOPS. — L.  S.   &  M.  S.  RY. 

curacy  of  cylindrical  surface,  but  also  enable  stock  to  be  re- 
moved rapidly.     For  producing  a  finer  finish  upon  work  it  is, 
of  course,  only  necessary  to  reduce  the  traverse  speed  of  the 
table. 
The    disc   grinding   machine   has    demonstrated    absolutely 


that  the  method  of  draw-filing  and  hand-polishing  is  a  very 
expensive  method  of  finishing  flat  surfaces  off  smooth.  The  disc 
grinder  method  of  finishing  enables  flat-surface  polishing  to 
bf  done  very  accurately  on  a  large  variety  of  work  at  a  very 
slight  expense,  inasmuch  as  an  experienced  operator  is  not 
required  for  it,  and  will  permit  complete  flnishing  to  be  done 
in  a  great  many  cases  where  it  would  previously  have  been 
considered  prohibitive  by  the  cost  of  old  methods. 

The  disc  grinder  in  use  at  the  Collinwood  shops    (see  en- 
graving   on    page    146)    is    the  Gardner   "spiral  -  groove"   disc 
grinder,  made  by  Charles  H.  Besly  &  Co.,  Chicago,  111.,  which 
uses  for  the  abrasive  agent  emery  paper,  or  cloth,  mounted 
upon  steel  discs,  which  revolve  at  a  high  rate  of  speed.    The 
steel  discs  of  the  machine,  which  are  of  the  highest  grade  of 
open  hearth  steel,  have  spiral  grooves,  rectangular  in  cross- 
section,  cut  on  both   sides,  running  from  the  centers  to  the 
circumference;    this    grooving   not    only    serves    to    hold    the 
emery  paper,  or  cloth,  more  securely 
to  the  face  of  the  disc,  but  also  pro- 
duces a  slightly  corrugated  surface, 
which  has  been  proven  to  cut  much 
faster  on  flat-surface  work  than  is 
possible  with  a  smooth  steel  dis'. 

This  machine  is,  of  course,  adapt- 
ed for  use  with  the  plain  emery 
paper,  or  cloth,  mounted  upon  the 
discs,  but  far  greater  capacity  and 
effectiveness  may  be  obtained  by 
using  instead  the  specially  prepared 
spiral  circles  which  are  -made  by 
C.  H.  Besly  &  Co.  purposely  for  use 
with  this  machine.  These  circles 
consist  of  cloth  discs  coated  with 
the  abrasive  laid  in  a  spiral  trace 
beginning  at  the  center  and  ending 
at  the  circumference.  The  abrasive 
may  in  this  way  be  applied  in  vari- 
ous compositions  of  emery,  or  emery 
and  corundum,  carborundum,  garnet 
and  flint,  in  order  to  be  adapted  to  any  class  of  work. 

'ihe  combination  of  the  spiral-circle  abrasive  discs  and  the 
"spiral-groove"  backing  discs  produces  a  grinding  combination 
of  great  effectiveness  and  capacity.  Two-inch  cold  pressed  hex- 
agon nuts  are  ground  on  all  eight  sides  to  a  perfect  finish  in 
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one  and  a  half  minutes  on  this  machine — less  than  one-tenth  of 
the  time  required  by  previous  processes.  An  8  in.  steel  con- 
necting-rod taper  key  is  finished  on  all  four  sides  in  eight 
minutes,  removing  about  1-100  in.  of  stoclt.  This  machine  is 
working  perfectly  and  is  giving  the  best  of  satisfaction. 

The  Gardner  grinder  is  direct  driven  by  a  5  h.  p.  constant- 
speed   Crocker-Wheeler  motor,   as   shown   in   the   illustration. 

The  controlling  apparatus  for  the  motor  is 
located  within  the  pedestal  base  of  the  ma- 
chine, so  that  when  the  door  is  closed  it  is 
perfectly  protected. 

MOTOR-DRIVEN  TOOLS  IN  THE  BOILER 
SHOP. 

The  machine  illustrated  on  page  147,  the 
four-spindle  Niles  mud  ring  drill  (tool  No. 
56),  presents  an  interesting  motor  drive.  The 
motor,  a  7%-h.p.  multiple-voltage  Crocker- 
Wheeler  motor,  is  mounted  upon  a  stone- 
capped  masonry  pedestal  at  the  end  of  the 
tool,  and  is  connected  to  the  shaft  by  a  Rey- 
nold silent  chain.  Each  of  the  spindles  of 
this  tool  has  an  independent  drive  and  inde- 
pendent feed  clutches,  and  may  be  adjusted 
along  the  cross-rail  by  a  rack  and  pinion. 

The  rotary  bevel  shear  (tool  No.  43),  illus- 
trated on  page  147,  besides  presenting  an  in- 
teresting example  of  motor  driving,  is  worthy 
of  note  as  a  metal-working  machine.  It  is 
the  No.  2  bevel  shear,  made  by  the  Lennox 
Machine  Company,  Marshalltown,  Iowa  (Jos. 
T.  Ryerson  &  Son,  Chicago,  agents),  and  is 
direct-driven  by  a  10-h.p.  multiple-voltage 
Crocker-Wheeler  motor.  It  has  a  capacity 
for  beveling  steel  plate  up  to  and  including 
%  in.  in  thicliness,  and  will  bevel  plates  (at 
an  angle  of  about  60  deg.)  at  a  speed  of 
from  400  to  500  ft.  per  hour,  depending  upon  the  speed  at 
which  it  is  driven.  There  is  no  danger  of  breakage  or  injury 
to  the  rotary  blades,  as  the  knives  will  not  receive  the  plate 
when  it  is  too  thick. 

This  machine  will  bevel  the  outside  of  flanged  heads  or 


Railway,  of  beveling  firebox  side  sheets  in  14  minutes  that 
had  previously  taken  10  hours  by  hand,  flue  sheets  in  11  min- 
utes, as  against  9%  hours  by  hand,  etc. 

Below  is  illustrated  one  of  the  number  of  Long  &  All- 
stater  punches  that  have  been  installed  in  the  boiler  shop. 
This  machine  (tool  No.  28)  is  the  No.  4  single  punch  made 
by   the  Long  &  Allstater   Company,   Hamilton,    Ohio,   and   is 


3G-IN. 


any  irregular  shaped  edges  of  plate,  running  either  inward 
or  outward.  It  will  bevel  the  flange  of  dome  sheets  before  or 
after  being  rolled  or  flanged,  and  in  fact  may  be  worked  on 
any  curved  edge  whatever.  This  machine  proved  itself  capable, 
by  work  at  the  Oelwein  shops  of  the  Chicago  Great  Western 


3G-IN.  THROAT  NO.  4  SINGLE  PTTNCH. LONG   &  ALLSTATER  COMPANY.   DBITEIT  BT  A   3-H.P. 

CONSTANT-SPEED  C.-W.    MOTOR. 


direct-driven  by  a  3-h.p.  constant-speed  Crocker-Wheeler  mo- 
tor mounted  on  a  bracket  at  the  side.  The  usual  fly-wheel  is 
used  upon  the  drive  in  order  to  protect  the  motor  from  the 
shock  resulting  from  the  punching  operation. 

This  machine  has  a  capacity  of  punching  up  to  and  Includ- 
ing %-in.  holes  and  has 
a  36-in.  throat.  Besides 
this  tool,  several  single 
and  double  punches  and 
shears  made  by  the 
Long  &  Allstater  Com- 
pany are  in  use  in  the 
boiler  shop. 

At  the  left  is  illus- 
trated the  36-in.-throat 
multiple  punch  with 
spacing  table  (tool  No. 
57),  made  by  the  Cleve- 
land Punch  and  Shear 
Works  Company,  Cleve- 
land. Ohio.  This  ma- 
chine is  direct-driven 
through  a  fly-wheel 
drive  by  a  7%-h.p.  con- 
stant-speed Crocker- 
Wheeler  motor,  the  mo- 
tor being  compound- 
wound  as  best  adapted 
for  this  class  of  work. 
The  motor  is  in  this 
case  mounted  upon  a 
small  bracket  at  the 
side  of  the  machine's 
bed.  The  spacing  table  used  with  this  machine  is  operated 
by  hand,  being  entirely  independent  of  the  drive.  The  ma- 
chine, as  shown  in  this  view.  Is  fitted  up  with  a  multiple-die 
block  and  punch  holder,  so  thdt  six  holes  are  punched  in  the 
edge  of  the  sheet  at  every  stroke. 


TIIliOAT    MULTIPLE    PUNCH,    WITH    SPACING    TABLE. — CLEVELAND    PUNCH    AND    8HEAE    WORKS 
COMPANY.        DRIVEN    BY    A    7%-H.P.     CONSTANT-SPEED     C.-W.     MOTOR. 
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request  for  a  presentation  of  the  results  In  the  form  of  dia- 
grams. They  reveal  at  a  glance  the  effects  of  the  changes  In 
conditions  and  furnish  a  measure  of  relative  values. 

All  of  the  curves  are  plotted  in  terms  of  draft,  in  inches  of 
water,  and  the  stack  diameters.  Four  different  heights  of 
stack  were  used  and  there  are  four  series  of  curves  for  each 
height  of  nozzle.  As  seven  heights  of  nozzle  were  employed 
there  are  28  (llagrams  for  each  form  of  stack.  Each  group 
of  four  figuifs  represents  all  diameters  of  stacks  for  a  given 
(Continued  from  page  83.)  nozzle.     Tl.e  diaKrams  numbered  33  to  60,  Inclusive,  represent 

The    following    diagrams    are    presented    in    response    In    a      siraight  stacks  ant!  til  to  88,  inclusive,  represent  taper  stacks. 
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TAPER   STACKS    IN   COMBINATION   WITH   NOZZLK   NO.   1    EXHAUST— TIP   10    INS.    HKI.OW   CENTER. 
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TAPER   STACKS    IN  COMBINATION   WITH    NOZZLE   NO.   2   EXHAUST— TIP   .5   INS.    BELOW   CENTER, 
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TAPER   STACKS   IN  COMBINATION   WITH    NOZZLE   NO,  3   EXHAUST— TIP   ON   CENTER. 
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TAPER   STACKS    IN  COMBINATION  WITH   NOZZLE   NO    4   EXHAUST— TIP   5    INS.   ABOVE   CENTER. 
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TAPER   STACKS    IN  COMBINATION  WITH   NOZZLE   NO.  5   EXHAUST— TIP   10    INS.   ABOVE   CENTER. 
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TAPER   STACKS   IN   COMBINATION  WITH   NOZZLE   NO.    6   EXHAUST— TIP   15   INS.   ABOVE   CENTER. 
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TAPER   STACKS    IN  COMBINATION  WITH   NOZZLE   NO.    7   EXHAUST— TIP   20   INS.   ABOVE   CENTER. 

St-K-k  .1  Hoit-'htaiiJi         stiu-kB HeiElltHC^  St)wk  C  Hefeht  15^  Stm'k  D  Height  66^ 


"'. 

-~ 

~ 

— 

. 

io 

Xi 

/f 

M 

ii:t^ 

;!:::: 

=^ 

--_ 

-._ 

— -. 

--S 

\' 

u 

\' " 

in 

^ 

1.' 

^- 

■ 

-1 

■  '■■' 

1 

1 

■ 

. 

■ 

;:, 

kl 

\r. 

. 

I 

«'. 

i- 

— 

- 

II' 

Ml 

dL 

^ 

--i: 

■  ■ ' 

— 

— ; 

>-- 

-- 

;' 

1-^ 

^ 

-^ 

'■ 

.  11 

", ." 

l: 

;. 

.  U' 

Lili 

StHck  Diameter.  Inches 
Fi^.  35 


Stack  Diaineler.    Inches 

Fig.  86 


|-,!   '.■; 

nil 

1111 

"^^ 

" 

l!i, 

^ 

"II 

!:■■ 

^ 

-!i. 

. 

. 

t. 

^ 

'[•\ 

' 

% 

^ 

c 

„ 

— 

ifj 

II 

fl. 

__ 

— 

^ 

^ 

^ 

,— 

C 

■jy 

.. 

: 

~- 

::; 

-^ 

^ 

i,i 

'' 

11 

'-*' : 

1., , 

„ 

1." 

i  ■- 

i 

'■:i 

1:! 

rr 

i^ 

—- 

-^ 

^ 

jtg 

^ 

— 

— 

— , 

^ 

7" 

^ 

^ 

— 

• 

'■' 

11 

\ 

111 

r: 

1.". 

.^ 

Suu-k  Diaiiifiri      Inches 
Fig.  87 


Stuck  DiiUHfUr.    Inches. 
Fig.  88 


Apwi„1903.   AMERICAN  ENGINEER  AND  RAI-LROAD  JOURNAL.        153 


Section  VI.— Article  37  (Oontinued). 
The  relation  between  draft  and  stack  diameter  for  stacks  at 
different  lioights,  as  disclosed  by  a  series  of  tests  at  different 
cut-offs,  is  shown  by  Figs.  89  to  91,  Inclusive.  The  three  fig- 
ures referred  to  give  the  results  obtained  in  connection  with 
e.\liaust  nozzle  No.  1.  Tables  XI.,  XII,  and  XIII.  contain  nu- 
merical values  not  only  for  this  nozzle  but  for  a  series  in  con- 
nection with  nozzles  Nos.  2  and  3. 

'  As  a  matter  of  Interest  in  checking  curves,  it  may  be  noted 
that  in  this  series  and  in  the  preceding  series  there  are  cer- 
tain curves  which  are  common  to  both,  namely,  those  of  the 
previous  series  representing  the  tapered  stacks,  nozzle  No.  1, 
and  a  speed  of  40  miles  an  hour;  and  those  of  the  present 
series  for  which  the  cut-off  is  6.4  ins.  Thus,  compare  the  40- 
mile  curves,  P^igs.  62,  (J3  and  64,  with  the  6.4  curve  of  Figs.  89. 
90  and  91,  respectively.  Such  a  comparison  will  disclose  a  fair 
degree   of   consistency    in    the    location    of   the    experimental 


inclusive.  If  curves  for  different  speeds  show  maximum  draft 
to  have  been  obtained  with  different  diameters  of  stacks,  then 
it  will  appear  ihat  a  stack  diameter  best  suited  for  one  speed 
is  not  the  best  for  some  other  speed,  while  on  the  other  hand, 
if  the  curves  of  each  figure  representing  different  speeds  are 
similar  in  form,  they  sustain  the  general  conclusion.  A  review 
of  the  several  figures  will  show  that  the  curves  are  quite  simi- 
lar. Thus  in  Fig.  45  the  curve  for  a  speed  of  20  miles  an  hour 
represents  the  variation  in  draft  resulting  from  changes  in 
the  diameter  of  the  stack.  In  the  same  figure  the  curve  for 
40  miles  an  hour,  covering  the  same  changes  in  diameter  of 
stack,  while  representing  different  values,  nevertheless  dis- 
closes precisely  the  same  relationships.  For  20  miles  and  40 
miles  a  diameter  of  stack  of  U"n  ins.  gives  the  highest  draft. 
A  review  of  all  the  figures,  while  disclosing  discrepancies  in 
individual  points,  will  show  a  practical  agreement  in  this  re- 
spect.   The  same  thing  is  true  of  curves  representing  different 


RESULTS  OBTAINED  BY  VARYING  CUT-OFF— TAPER   STACKS. 

SPEED    CONSTANT — 40    M.    P.    H.        NOZZLE    NO.    1— EXHAUST   TIP    10         INS.    UELOW    CENTER. 
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points,  but  in  some  cases  there  is  a  difference  in  the  form  of 
the  curve  which  has  been  employed.  In  applying  a  curve  to 
points  which  fall  irregularly,  the  judgment  of  the  experi- 
menter has  been  influenced  by  the  form  of  related  curves,  some 
of  which  accurately  represent  the  points  they  connect.  There 
are  a  few  instances  in  which  the  tendency  of  related  curves 
seems  not  to  be  the  same  in  the  two  series,  and  it  is  for  this 
reason  that  a  given  curve  in  the  cut-off  series  does  not  ex- 
actly check  with  its  corresponding  curve  in  the  variable 
speed  series.  Nevertheless,  it  should  be  noted  that  variations 
in  the  numerical  value  of  the  draft  represented  by  such  vari- 
ations are  relatively  small.  A  study  of  all  curves  obtained  in 
the  variable  cut-off  series,  a  portion  only  of  which  are  here- 
with presented,  shows  them  to  be  less  satisfactory  than  those 
obtained  in  the  more  elaborate  series  representing  the  work  at 
constant  speed. 

38.  The  Effect  on  Stack  Proportions  of  Changes  in  Speed  and 
Cut-Off. — The  experiments  were  made  to  involve  a  great  variety 
of  conditions  with  reference  to  speed  and  cut-off,  ju  order 
that  the  changes  in  the  efiBciency  of  the  stack  arranjroment. 
which  might  result  from  such  changes,  might  be  known.  With 
the  large  array  of  data  now  at  hand.  It  can  be  stated  with 
confidence  that,  within  reasonable  limits,  no  change  in  the 
condition  of  running  effects  in  any  marked  degree  the  ef- 
ficiency of  the  stack;  that  a  stack  and  nozzle  which  is  satis- 
factory at  one  speed  will  be  founu  satisfactory  for  all  speeds, 
and  if  satisfactory  under  one  condition  of  cut-off,  it  will  be 
found  reasonably  satisfactory  under  all  conditions  of  cut-off. 
This  conclusion  is  important  since,  if  it  is  true,  it  will  operate 
to  greatly  simplify  future  experiments  involving  the  front-end 
arrangement.  We  should,  therefore,  examine  with  care  the 
evidence  upon  which  the  statement  is  based. 

The  effect  upon  the  draft  of  changes  in  speed  is  shown  by 
comparing  the  several  curves  in  each  c£  the  figures,  33  to  88, 


speeds,  all  for  a  given  series  being  approximately  similar.  The 
curves  for  different  cut-offs,  a  few  only  of  which  are  herewith 
presented,  show  the  same  condition  to  prevail,  though,  as 
previously  noted,  there  is  not  the  same  harmony  in  these 
points  as  in  those  previously  discussed.  In  some  cases  the 
individual  points  appear  to  differ  widely  from  the  mean  of 
other  points  with  which  they  should  be  compared.  In  many 
cases  where  this  has  been  found  true  an  attempt  has  been 
made  to  correct  by  repeating  the  tests,  wun  the  result  that  the 
values  first  obtained  have  been  secured.  In  other  words,  the 
data  as  given  represents  the  conditions  which  prevail,  and  tne 
fact  that  the  points  refused  to  fall  into  line  upon  any  ample 
curve  can  not  be  satisfactorily  explained.  It  is  evident  that 
under  certain  specific  conditions,  nodes  or  eddies  form  in  the 
issuing  stream  which  greatly  affect  the  efficiency  of  the  jet. 

Since,  now,  it  may  be  said  that  the  dimensions  of  the  stack 
are  not  dependent  upon  the  conditions  of  running,  it  will  be  of 
interest  to  add  that  such  conclusion,  based  on  the  results  ob- 
tained in  the  present  series  of  experiments,  confirms  a  conclu- 
sion drawn  from  certain  tests  made  some  years  ago  to  de- 
termine the  action  of  the  exhaust  jet.  an  account  of  which 
forms  a  part  of  the  Proceedings  of  the  Master  Mechanics' 
Association  for  1896.  The  statement  which  was  then  made 
and  which  is  now  reinforced  by  a  much  more  elaborate  array 
of  data,  was  to  the  effect  that,  with  a  given  arrangement  of 
stack  and  nozzle,  the  draft  is  dependent  upon  the  weight  of 
steam  exhausted  in  a  unit  of  time.  The  draft  increases  when 
the  quantity  of  steam  discharged  per  minute  increases.  It 
makes  little  difference  whether  the  increase  in  the  discharge 
is  due  to  an  increase  of  speed  or  to  an  increase  or  cut-off  or  of 
throttle  opening.  That  this  is  true  for  changes  of  speed  is 
made  clear  by  Table  XIV.,  in  which  is  given  a  comparison  of 
changes  in  draft  values  with  corresponding  changes  in  the 
volume  of  steam  exhausted. 
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TABLE    XIV. 

A'  COMPARISON     OF     CHANGES     IN     DRAFT      VALUES      WITH      CORHESPONDING 
CHANGES   IN    THE   VOLUME   OF   STEAM   EXHAUSTED. 


Nozzle  No.  3. 
Stacks. 


Exhaust  Tip  on  Center  Line  of  Boiler. 


Height. 

26y. 
26  Vi 
36  y. 
361A 
46 '/, 
46y, 
56M> 
56  V, 
26'/. 
26  Mj 
36  y. 
36  V. 
46V> 
46  Va 
56  V. 
56  V. 


Diameter. 
9% 
9% 

9% 

9% 

S% 

9% 

9% 

9% 
11% 
11% 
11% 
11% 
11% 
11% 
.  11% 
11% 


Form. 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Taper 
Average. 


Change 

in 
Speed 
Miles. 
20  to  30 
30  to  40 
20  to  30 
30  to  40 
20  to  30 
30  to  40 
20  to  30 
30  to  40 
.  20  to  30 
30  to  40 
20  to  30 
30  to  40 
20  to  30 
30  to  40 
20  to  30 
30  to  40 


Ratio  of 
Ratio  of      Change  in 
Change  in  Water  Used 


Draft. 
1.25 
1.30 
1.30 
1.23 
1.15 
1.19 
1.25 
1.14 
1.23 
1.14 
1.29 
1.13 
1.24 
1.11 
1.26 
1.15 
1.21 


Per  Hour. 
1.33 
1.19 
1.33 
1.19 
1.33 
1.19 
1.33 
1.19 
1.33 
1.19 
1.33 
1.19 
1.33 
1.19 
1.33 
1.19 
1.26 


Following  the  first  line  of  this  table,  it  will  be  seen  that 
when  the  speed  is  changed  from  20  to  30  miles,  the  draft  is 
increased  .n  the  ratio  of  from  1  to  1.25,  and  the  tteara  ex- 
hausted is  increased  in  the  ratio  of  from  1  to  1.33,  which  is  an 
approach  to  agreement.  Similar  comparisons  are  shown  for 
various  diameters  and  heights  of  stacks,  the  average  of  all 
being,  for  changes  in  draft,  1.21,  and  for  changes  in  stc.  m  ex- 
hausted, 1.26,  which  makes  the  check  very  close.  The  results 
of  such  a  comparison  upon  other  figures  tends  to  further  con- 
firm the  general  conclusion. 

39.  A  Beview  of  Best  ResuUs. — From  an  inspection  of  the 
results  of  all  the  tests,  the  highest  draft  readings  have  been 
selected  for  each  condition  of  speed  and  cut-off.  These,  with 
the  designation  of  stack  and  nozzle  employed  in  securing  them, 
are  set  down  in  the  columns  forming  Table  XV.  Results  thus 
chosen  constitute  approximately  5  per  cent,  of  the  whole  num- 
ber obtained,  and  may  be  accepted  as  representing  the  best 
results  obtainable  under  any  combination  of  stack  and  nozzle 
involved  by  the  experiments. 


TABLE  XV 

STACK 

AND   NOZZLE 

COMBINATION 

GIVING    BEST 

RESULTS. 

Speed 

Cut-0£f 

Draft  Ins. 

Nozzle 

Stack 

M.P.H. 

Notch. 

of  Water. 

Number. 

Number. 

20 

5 

3.4 

2 

7 — D 

20 

5 

3.3 

1 

6— D 

20 

5 

3.3 

2 

4— D 

20 

5 

3.2 

3 

7— D 

20 

5 

3.1 

5 

4— D 

20 

g 

3.1 

2 

6 — D 

20 

5 

3.1 

3    ■ 

6— D 

20 

5 

3.1 

4 

6— D 

20 

5 

3.1 

2 

8— D 

30 

5 

4.3 

2 

4— D 

30 

5 

4.3 

1 

6— D 

30 

5 

4.1 

2 

7— D 

30 

5 

4.0 

2 

6— D 

30 

5 

4.0 

3 

7— D 

30 

5 

4.0 

3 

7— D 

30 

5 

4.0 

1 

8— D 

30 

5 

4.0 

2 

8 — D 

30 

5 

4.0 

3 

8— D 

40 

5 

5.2 

3 

6— D 

40 

5 

5.0 

2 

4— D 

40 

5 

5.0 

2 

6 — D 

40 

5 

4.9 

1 

8— D 

40 

5 

4.8 

1 

6— D 

40 

5 

4.7 

2 

7— D 

40 

5 

4.7 

2 

8— D 

40 

5 

4.6 

2 

4— C 

50 

5 

5.5 

1 

8— D 

50 

5 

5.4 

1 

6— D 

50 

5 

5.4 

2 

6— D 

50 

5 

5.4 

3 

8 — D 

50 

5 

5.3 

1 

4— D 

60 

^ 

6.6 

2 

4— D 

60 

5 

6.4 

1 

8— D 

60 

5 

6.2 

1 

6 — D 

60 

5        ' 

6.1 

1 

4 — D 

60 

5 

6.0 

2 

8— D 

40 

3 

3.6 

2 

8— D 

40 

3 

3.2 

1 

8— D 

40 

3 

3.1 

1 

4— D 

40 

3 

3.0 

3 

6— D 

40 

3 

3.0 

3 

8— D 

40 

3 

3.0 

1 

6— C 

40 

5 

.       5.3 

1 

4— D 

40 

5 

5.0 

1 

8— D 

40 

5 

4.S 

2 

8— D 

40 

5 

4.7 

1 

6 — D 

40 

5 

4.G 

1 

8— C 

40 

7 

7.8 

1 

8— D 

40 

7 

7.6 

1 

4 — D 

40 

7 

7.6 

1 

6 — D 

40 

7 

7.6 

2 

8— D 

40 

7 

7.4 

2 

6— D 

This  table  shows  at  a  glance  that  all  the  highest  draft  read- 
ings were  obtained   with  the  "D"   stacks,  which   designation 


embraces  those  of  greatest  length  employed  in  the  experi- 
ments (56%  ins).  The  "C"  stacks,  which  are  10  ins.  shorter 
than  the  "X>"  stacks,  appear  in  the  table  but  three  times,  and 
in  two  of  these  instances  the  draft  is  inferior  to  that  given  by 
the  higher  stack.  Stacks  bearing  even  numbers  are  tapered 
and  those  bearing  odd  numbers  are  straight.  It  is  noteworthy 
that  practically  all  of  the  numbers  appearing  in  the  table  of 
best  results  represent  tapered  stacks.  The  stack  numbers 
which  most  frequently  appear  are  4,  6  and  8,  representing  a 
diameter  at  the  choke  of  11%,  13',i'i  and  15-^4  ins.,  respectively. 

It  will  be  of  interest  to  note,  also,  that  the  table  of  best 
results  does  not  contain  a  single  result  derived  from  the  use 
of  the  normal  stack  of  the  experimental  locomotive,  which 
was  supplied  by  the  builder,  neither  does  it  contain  any  result 
obtained  from  the  use  of  the  inside  stack,  a  detailed  consider- 
ation of  which  is  to  be  hereinafter  presented. 

Resorting  now  to  a  detailed  study  covering  all  the  various 
heights  ana  diameters  of  stacks  experimented  upon,  and  deal- 
ing first  with  the  straight  stacks,  the  large  spots  upon  Figs. 
92  to  95,  inclusive,  show  the  best  diameters  for  each  height  of 
stack  experimented  upon,  and  for  each  height  of  nozzle  em- 
ployed. Thus,  disregarding  for  the  present  the  oblique  line 
drawn  upon  these  diagrams,  the  large  spots  upon  Fig.  9?. 
show  the  best  diameter  of  stack  for  each  height  of  nozzle  em- 
ployed, when  the  height  of  the  stack  is  limited  to  26yo  ins.; 
those  upon  Fig.  93  show  the  best  diameter  of  stack  for  each 
height  of  nozzle  employed,  when  the  height  of  the  stack  is 
limited  to  36%  ins.;  those  upon  Fig.  94  show  the  best  diame-. 
ter  of  stack  for  each  height  of  nozzle  when  the  height  of  the 
stack  is  limited  to  46 V2  ins.;  and  those  upon  Fig.  95  show  the 
best  diameter  of  stack  for  each  height  of  nozzle  when  the 
height  of  stack  is  limited  to  56%  ins.  In  each  case  the  large 
spots  represent  the  diameter  of  the  experimental  stacks  giv- 
ing the  highest  draft.  The  points  are  not  located  from  curves. 
Since  the  experimental  stacks  varied  one  from  another  by 
steps  of  2  ins.,  the  exact  diameter  represented  by  a  given 
large  spot  does  not  necessarily  represent  the  most  desirable 
diameter  or  the  conditions  defined;  that  we  will  hereafter  pro- 
ceed to  find. 

Continuing  to  give  attention  to  the  black  spots  of  the  dia- 
grams, it  will  be  noticed  that  some  of  the  larger  spots  have 
smaller  spots  connected  with  them  by  a  horizontal  line.  In 
some  cases,  there  is  a  small  spot  on  one  side  of  the  larger  spot, 
and  in  other  cases  there  are  smaller  spots  on  both  sides.  These 
smaller  spots  indicate  that  the  next  sized  stack  on  one  or  the 
other  sides,  or  on  both  sides  of  the  best  experimental  stack 
gave  results  almost  as  good  as  the  best.  Instead  of  having  a 
series  of  points  representing  the  experimental  data,  we  have  a 
series  of  lines  which  may  be  employed  to  establish  a  zone  of 
good  performance.  Concerning  the  width  of  this  zone,  it 
should  be  noted  that  the  lines  span  but  half  the  distance  be- 
tween the  position  of  the  stack  which  was  best  and  that  which 
is  almost  as  good;  also,  that  in  cases  where  stacks  on  one  or 
the  other  side  of  the  best  were  not  almost  as  good,  no  line 
whatever  has  been  drawn. 

A  review  of  the  diagrams.  Figs.  92  to  95,  shows  at  a  glance 
that  the  largest  straight  stack  (15'S4  ins.)  while,  perhaps,  suf- 
ficient in  diameter  for  the  least  height  (Fig.  92).  was  quite  in- 
sufficient for  the  lower  nozzle  position  when  the  stack  height 
was  increased  beyond  26i._.  ins.  This  is  best  shown  by  Fig. 
95.  The  best  results  in  connection  with  this  stack  were  ob- 
tained for  the  four  lowest  positions  of  the  exhaust  pipe.  When 
the  tip  of  the  exhaust  pipe  was  5  ins.  above  the  center  line  of 
the  boiler,  the  next  smaller  stack  was  almost  as  good,  but  for 
the  lower  nozzles  (3,  2  and  1),  the  largest  stack  was  in  a 
marked  degree  better  than  any  which  were  smaller,  justifying 
the  conclusion  that  if  a  stack  as  large  as  18  ins.  in  diameter 
had  been  tried,  the  results  obtained  therefrom  would  have 
been  given  a  place  on  the  diagram.  The  same  fact  is  indicated 
by  the  slope  of  the  curves  in  Figs.  36,  40,  44  and  48. 

Maximum  results  obtained  from  tapered  stacks,  plotted  in  a 
manner  already  described  in  considering  the  action  of  the 
straight  stack,  are  presented  as  Figs.  96  to  99,  inclusive.  In 
this    case,   however,   the   several   diameters   of   stack    experi- 


Ai-uii.,  1903. 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.         168 


mented  upon  cover  a  range  sufficiently  wide  to  permit  the 
selection  of  the  best  stack  for  all  heights  of  stacks  in  combina- 
tion with  all  heights  of  nozzles. 

40.  Relation  of  Height  to  Diameter  of  BtacJc—The  problem 
of  stack  design,  as  disclosed  by  the  data  already  presented,  is 
not  to  be  regarded  as  one  requiring  a  high  degree  of  refine- 
ment. The  data  show  that  two  stacks  varying  as  much  as 
2  ins.  in  diameter  sometimes  give  results  which  are  al- 
most identical.  It  happens  in  some  cases,  also,  that  a  stack 
of  a  diameter  which  gives  maximum  results  is  almost  equaled 
in  its  performance  by  a  stack  2  ins.  less  and  also  by  a  stack 
2  ins.  greater  in  diameter.  In  such  a  case,  a  variation  of  4  ins. 
in  the  diameter  of  the  stack  appears  not  to  be  significant. 
This  is  only  true,  however,  with  certain  heights  of  stacks  in 
combination  with  certain  heights  of  nozzles,  and  as  will  oe 
hereafter  shown,  the  occurrence  of  such  cases  is  more  frequent 
in  the  case  of  tapered  stacks  than  in  the  case  of  straight 
stacks. 

It  is  evident,  therefore,  that  it  will  be  impracticable  to  de- 
termine within  a  small  fraction  of  an  Inch  the  diameter  of 


is  1B.66,  and  a  circle,  the  location  of  which  corresponds  with 
this  value,  has  been  struck  on  this  diagram.  In  the  same  man- 
ner for  the  46 '/a  in.  stack,  the  circle  has  been  struck  to  repre- 
sent a  diameter  of  16.33  in.  and  for  the  56 '/^  in.  stack,  the  circle 
has  Ijeen  struck  to  represent  a  diameter  of  17  ins.  These,  then, 
are  assumed  to  be  the  best  diameters  of  stacks  for  each  of 
the  several  heights  experimented  upon,  when  the  exhaust 
nozzle  is  on  the  center  line  of  the  boiler. 

Stating  these  facts  in  the  form  of  equations,  in  which  d  Is 
the  diameter  of  stack  in  Inches,  we  have,  for  the  engine  ex- 
perimented upon,  the  following: 

For  straight  stacks  261/2  ins.  high: 

(1,  =  15  =  .28  X  54, 

For  straight  stacks  36%  Ins.  high: 

d=  =  15.66  =  .29  X  54. 

For  straight  stacks  46%  ins.  high: 

d3=  16.33  =  .30  X  54. 

For  straight  stacks  56%  ins.  high: 

d,  =  17  =  .31  X  54. 
For  all  of  these  values,  the  exhaust  tip  was  on  the  center  of 
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DIAGRAMS    OF    BEST    RESULTS— STRAIGHT    STACKS. 
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stack  coresponrling  with  any  given  height  of  stack  and  posi- 
tion of  nozzle,  which  can  be  said  to  accurately  represent  the 
experimental  results,  for  it  is  sometimes  hard  to  say  whether 
one  or  another  of  two  stacks  is  the  better.  For  the  purpose, 
therefore,  of  reducing  the  various  discordant  elements  to  order, 
that  a  general  law  may  be  formulated,  no  harm  will  be  done  by 
employing  a  fair  degree  of  liberality  in  interpreting  the  data. 
dtraiffht  Stacks. — In  order  that  the  best  relation  of  diameter 
and  heights  of  stack- may  be  stated,  it  will  at  first  be  necessary 
to  eliminate  variations  in  the  height  of  the  nozzles.  Compari- 
sons will,  therefore,  first  be  based  upon  results  obtained  with 
nozzle  No.  3.  this  being  the  nozzle  for  which  the  tip  is  on  the 
center-line  of  the  boiler.  From  a  study  of  the  plotted  spots  of 
Fig.  92,  it  has  been  assumed  that  when  the  exhaust  tip  is  on 
the  center  of  the  boiler,  and  the  height  of  the  stack  is  26V2  ins., 
the  most  satisfactory  diameter,  as  disclosed  by  the  data,  is  15 
ins.,  and  a  circle  has  been  struck  on  the  diagram  (Fig.  92)  to 
represent  this  value.  Similarly,  from  Fig.  93  it  appears  that 
when  the  exhaust  tip  is  on  the  center  of  the  boiler  and  the 
height  of  the  stack  is  36 Vi  ins.,  the  most  satisfactory  diameter 
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the  boiler  and  the  diameter  of  the  front-end  of  the  boiler  ex- 
perimented upon  was  54  ins.  If,  now,  we  may  assume  that  the 
data  obtained  from  the  engine  experimented  upon  is  applica- 
ble to  engines  having  boilers  of  different  diameters,  and  if  we 
may  assume  also  that  in  applying  the  data  to  other  engines, 
we  may  use  the  diameter  of  the  boiler  as  a  unit  of  measure, 
then  the  diameter  of  stack  for  any  boiler  whatsoever  which 
has  the  exhaust  tip  on  the  center  line  should  be  represented 
by  equations  in  which  D,  the  diameter  of  the  inside  of  the 
front-end,  is  substituted  for  the  value  54  in  the  preceding 
equations.  The  result  is  as  follows: 
For  straight  stacks  26%  Ins.  high: 

(ii  =  15  =  .28  X  D. 

For  straight  stacks  36%  ins.  high: 

d-  =  15.66  =  .29  X  D. 

For  straight  stacks  46%  ins.  high: 

ds  =  16.33  =  .30  X  D. 

For  straight  stacks  56%  ins.  high: 

d.=  17  =  .31  X  D. 
(To  be  continued.) 
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(For  previous  article  see  page  Jl'/.J 


BOILEK    SHOP   HYDRAULIC    MACHINERY. 


The  illustrations  on  pages  111  to  113  of  last  montli  include 
the  riveting  tower  and  a  plan  of  the  hydraulic  machinery  in 
'iie  boiler  shop.  These  are  now  supplemented  by  descriptions 
of  the  flanging  press,  the  riveter,  the  accumulator,  and  hori- 
zontal flange  punch.  This  equipment  was  built  and  installed 
by  Messrs.  R.  D.  Wood  &  Co.,  Philadelphia. 

FLANGING    PRESS. 

This  press  is  of  such  size  as  to  flange  the  heads  of  the  largest 


the  illustration.  This  main  ram  exerts  a  pressure  of  more 
than  450  tons.  After  the  hot  steel  plate  from  which  the  head 
is  to  be  flanged  has  been  placed  on  the  dies  carried  by  the 
moving  platen,  the  tour  auxiliary  clamt)ing  rams,  all  con- 
trolled by  one  of  the  small  levers  at  the  right  of  the  illustra- 
tion, carry  the  plate  up  and  clamp  it  firmly  against  the  die 
secured  to  the  upper  platen.  When  this  is  done  the  moving 
platen  is  forced  upward  by  the  main  ram,  and  the  flanging  of 
the  plate  is  completed.  When  it  is  desired  to  put  a  reverse 
flange  for  a  door  or  manhole  in  the  plate  being  flanged,  this 
is  accomplished  by  means  of  the  overhead  ram,  which  is  ad- 
justed radially  from  the  center  of  the  press,  thus  greatly  econ- 
omizing time  and  avoiding  the  necessity  of  reheating  the  plate 
for  a  second  operation. 

In  addition  to  the  flanging  work,  a  large  amount  of  other 
work  is  done  on  this  press,  including  bending,  punching  and 
shaping  of  material  required  in  the  building  of  locomotives. 
The  internal  clamping  ram  exerts  a  pressure  of  100  tons,  and 
this  pressure  may  he  added  to  the  effective  pressure  of  the 
main  ram,  if  desired.     The  four  clamping  rams  also  exert  a 
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FIQ.    1. — HY'UHALILIC    FLANGING    PRESS. 


FIG.     2. HYDKALLIC     RIVETER     WITH     THREE 

PRESSURES.  PIG. 


-HYDRAULIC     ACCUMULATOR. 


locomotive  boilers  which  have  yet  been  designed;  in  fact,  it 
goes  farther  than  this,  and  makes  provision  for  the  largest 
locomotive  boiler  which  we  think  it  will  be  possible  to  design 
for  use  on  the  present  railroads  of  the  country.  A  general 
view  of  the  press  is  shown  by  the  accompanying  illustration. 
This  illustration  shows  the  entire  press,  but  when  located  in 
the  shop  the  large  moving  central  platen  appears  near  the 
floor,  the  portion  below  this  platen  being  out  of  sight  below 
the  shop  floor.  The  clear  distance  between  the  upright  col- 
umns is  8  ft.  in  one  direction  by  12  ft.  in  the  other.  These 
columns  are  made  from  forged  steel,  and  of  large  diameters, 
to  iusiam  with  rigidity  the  immense  strains  brought  upon 
them.  The  central  moving  platen  carries  one-half  of  the  dies, 
with  the  complementary  half  secured  to  the  upper  platen  by 
means  of  the  tee  slots  shown.  The  moving  platen  is  forced 
upward,  by  the  large  operating  ram,  to  which  the  water  from 
the  accumulator  under  1,500  lbs.  pressure  is  admitted  by  the 
movement  of  one  of  the  small  levers  at  the  right-hand  side  of 


pressure  of  100  tons,  and  the  overhead  adjustable  ram  exerts 
a  pressure  of  about  70  tons. 

HYDRAULIC    RIVETER. 

The  hydraulic  riveter  (Fig.  2)  is  also  designed  for  the 
maximum  requirements  of  locomotive  building,  not  only  as 
they  exist  at  present,  but,  so  far  as  can  be  anticipated,  as  they 
will  exist  during  the  next  twenty-five  years.  A  large  portion 
of  this  tool  also  is  placed  out  of  sight  below  the  shop  floor. 
'The  complete  tool  is  shown  by  the  accompanying  illustration. 
With  it  the  largest  rivet  can  be  closed  at  a  point  17  ft.  from 
the  end  of  the  boiler  shell,  this  being  the  reach  or  depth  of 
gap  of  the  machine.  The  distance  between  the  riveting  stakes 
is  unusually  great,  so  that  the  firebox  of  the  boiler  may  be 
swung  under  the  riveting  dies,  thus  enabling  the  riveter  to 
reach  practically  all  the  rivets  in  the  boiler.  As  the  thickness 
of  the  plates  to  be  riveted  and  the  size  of  the  rivets  vary  in 
different  parts  of  the  boilers,  as  well  as  in  different  sizes  of 
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boilers,  it  will  be  readily  seen  that  some  provision  should  be 
made  for  furnishing  different  degrees  of  power  to  be  applied 
for  these  varying  conditions.  The  riveter  is  therefore  sup- 
plied with  what  is  termed  a  triple-power  arrangement,  which 
enables  any  one  of  three  pressures  to  be  exerted  on  the  rivel, 
as  desired.  In  order  to  turn  from  any  one  of  these  pressures 
to  any  other  it  is  only  necessary  to  move  a  small  levor  through 
a  distance  of  a  few  inches.  The  three  powers  are  secured  by 
means  of  only  two  operating  rams  and  one  pull-baik  ram,  thus 
making  it  necessary  to  have  only  three  stuffing-boxes,  all  of 
which  are  easily  accessible  from  the  outside  without  dis- 
mantling the  riveter.  The  small  lever  above  referred  to  oper- 
ates a  valve  of  special  construction,  so  arranged  with  three 
fixed  positions  that  in  the  first  position  the  water  from  the 
accumvilator  is  admitted  to  the  smaller  operating  ram,  cutting 
it  oft  from  the  larger  ram;  in  the  second  position  it  admits 
the  water  to  the  larger  ram  and  cuts  it  off  from  the  smaller; 
in  the  third  position  it  admits  the  water  to  both  rams  simul- 
taneously. It  will  be  understood  that  this  valve  is  set  as 
soon  as  the  foreman  of  the  riveting  gang  decides  on  the  pres- 
sure he  desires  to  use  on  the  work  in  hand,  and  the  operation 
of  the  riveter  is  controlled  by  the  operating  valve  after  this 
distriliuting  valve  has   been   set   in   the   proper   position.     The 
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relative  area  of  the  two  operating  rams  is  as  1  to  2.  It 
therefore  follows  that  the  intermediate  pressure  exerted  by 
the  riveter  is  twice  the  minimum  pressure,  and  the  maximum 
pressure  is  equal  to  the  sum  of  the  intermediate  and  minimum 
pressures.  These  machines  are  made  to  give  the  following 
pressures:  33,  67  and  100  tons;  40,  85  and  125  tons;  50.  100 
and  150  tons.  The  riveter  at  Reading  has  the  following  capac- 
ities;   40,  85  and  125  tons. 

FL.\NljE   PUNCH. 

The  boiler  heads,  after  being  flanged,  must,  of  course,  be 
punched  before  they  can  he  riveted  into  the  boiler  shell.  For 
this  purpose  a  special  hydraulic  horizontal  punch  is  provided, 
as  shown  by  the  accompanying  illustration  (Fig.  4).  This 
punch  has  capacity  to  punch  a  hole  1^4  ins.  In  diameter  in 
IVi-in.  steel  plate.  It  is  provided  with  a  flush  top,  so  as  to 
in  no  way  interfere  with  the  boiler  head  as  it  is  hung  over  it. 
It  is  very  quick  in  operation,  and  occupies  far  less  space  than 
the  old  style  of  geared  punch'  which  was  formerly  used  for 
this  purpose.  accumulator. 

The  above  tools  are  operated  by  a  hytlraulic  accumulator, 
as  shown  in  Fig.  3.  This  consists  of  a  ram  12  ins.  in  diameter 
fitted  securely  into  a  cast-iron  bed-plate.  Over  this  ram  oper- 
ates an  inverted  cylinder,  which  carries  a  large  steel  tank 
containing  the  necessary  ballast,  having  sufficient  aggregate 
weight,  which,  added  to  the  weight  of  the  cylinder  and  tank, 
produces  a  pressure  on  the  water  of  1,500  lbs.  per  square  inch. 
It  acts  as  a  large  storage  battery,  storing  up  through  a  period 
of  several  minutes'  inactivity  of  the  tools  a  large  amount  of 
power,  which  is  available  for  use  at  any  instant  and  in  any 
quantity  desired.  The  pump  which  forces  the  water  into  this 
accumulator  need  therefore  be  of  only  small  capacity,  and  can 
be  arranged  to  operate  almost  continuously.  The  ballast  ma- 
terial consists  of  iron  scrap  and  punchings,  and  has  a  total 
aggregate  weight  of  about  80  tons. 


Tlio  eleventh  international  railroad  conference  of  tin:  Young 
IMen's  Christian  Associations  to  be  held  In  Topeka,  April  30 
to  May  3,  promises  to  be  an  important  gathering.  President 
Roosevelt  is  expected  to  attend,  and  among  the  other  speakers 
are  Dr.  KImore  Harris,  Dr.  R.  S.  Henson,  President  Ramsay,  of 
the  Wabash;  Governor  Bailey  of  Kansas;  General  Manager 
Mudge,  of  the  Santa  Fe;  Rev.  Chas.  M.  Sheldon  and  Col.  J.  J. 
McCook.  There  will  be  a  number  of  foreign  delegates  in  addi- 
tion to  about  1,500  from  this  country.  Inquiries  for  further 
information  should  be  addressed  to  the  Railroad,  Department, 
International  Committee,  Y.  M.  C.  A.,  3  West  Twenty-fourth 
street.   New   York. 


A  GOOD  JOB. 


The  following  incident  occurred  a  short  time  ago  at  the 
Baldwin   Locomotive  Works: 

Mr.  Vauclain,  the  general  superintendent  of  the  works,  was 
riding  on  a  freight  elevator,  which  stopped  at  one  of  the 
floors  to  take  on  an  old  irishman.  A  rule  of  the  establish- 
ment forbade  workmen  using  the  elevator,  unless  they  had  a 
heavily  laden  wheelbarrow.  This  man  had  none;  so  Mr. 
Vauclain  accosted  him,  saying:  "Don't  you  know  that  you  are 
not  allowed  to  ride  on  this  elevator  without  a  wheelbarrow?" 
Sure,  and  where's  your  wheelbarrow?"  responded  Mike,  not 
at  all  abashed.  "Why,  I  am  the  general  superintendent,"  ex- 
claimed Mr.  Vauclain.  Very  conrdentially  the  old  son  of 
Erin  leaned  toward  him  and  said,  in  a  patronizing  manner: 
"Then  ye've  got  a  blamed  good  job  and  ye'd  better  hould  on  to 
It." — Philadelphia  Ledger. 


The  Winchester  Repeating  Arms  Company  have  recently  in- 
creased the  capacity  of  their  gas  power  plant  at  New  Haven 
by  the  purchase  of  two  165  h.  p.  Westinghouse  three-cylinder 
producer  gas  engines,  rhis  plant  was  the  first  American  in- 
stallation of  gas  power  apparatus  for  industrial  work,  compris- 
ing originally  about  500  h.  p.  in  Westinghouse  gas  engine  gen- 
erator units  and  Loomis-Pettibone'  gas  producers.  The  plant 
supplies  electric  light  and  power  for  operating  the  entire  manu- 
facturing establishment,  and  its  operation  up  to  the  present 
time  has  been  very  satisfactory. 


The  draughting  rooms  of  the  engineering  department  of  the 
Pennsylvania  Railroad,  in  the  Union  Station,  Pittsburg,  have 
recently  been  fitted  throughout  with  the  Nernst  lamp.  The 
quality  of  the  light  delivered  from  this  "glowing  rod"  type  of 
electric  lamp  is  peculiarly  suited  to  the  requirements  of 
draughtsmen,  having  a  perfect  downward  distribution  of  light 
of  daylight  quality,  with  an  absence  of  shadow  or  flicker. 


The  electric  high-speed  trials  on  the  Berlin-Zossen  military 
railway  were  resumed  with  a  new  type  of  motor  designed  by 
Siemens  &  Halske,  of  Berlin.  The  heavy  transformers  pre- 
viously used  to  reduce  the  pressure  of  the  current  from  10,000 
volts  to  2,000  volts  have  been  dispensed  with  and  current  is 
delivered  to  the  motors  at  10,000  volts.  The  experimental 
track  has  been  relaid  with  heavier  rails,  so  that  it  is  antici- 
pated that  a  higher  rate  of  speed,  approaching  125  miles  an 
hour,  will  be  attained. 


Mr.  Edward  E.  Silk  has  been  appointed  secretary  and  general 
manager  of  the  Holland  Company,  with  headquarters  at  77 
Jackson  Boulevard,  Chicago.  Mr.  Silk  is  a  graduate  of  Purdue 
University.  He  has  had  railroad  experience  on  the  Central 
Railroad  of  New  Jersey,  and  was  for  two  years  associate  editor 
of  this  journal.  He  recent  resigned  as  Western  representative 
of  the  O.  M.  Edwards  Co.  to  accept  his  present  position.  The 
Holland  Company  has  recently  opened  an  office  in  San  Fran- 
cisco. 
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THE  NATIONAL  MALLEABLE  IRON  BRAKE  JAW  AND 
DEAD  LEVER  GUIDE. 


A    NEW    VANDERBILT    BRAKE    BEAM. 


These  devices  are  shown  in  the  accompanying  illustra- 
tions. Fig.  1  illustrating  the  brake  jaw  and  Fig.  2  the  dead 
lever  guide.  The  principal  feature,  which  is  common  to  both, 
is  the  method  of  attaching  the  rod.  This  Is  done  without 
welding,  which  is  necessary  where  a  forged  rod  or  guide  is 
used.  A  connection  is  thus  insured  which  is  absolutely  relia- 
ble under  all  circumstances.  All  welding  being  absolutely 
dispensed  with,  the  danger  of  accident  Irom  imperfect  welding 
is  avoided,  the  rod  does  not  require  upsetting  to  form  a  head, 
and  It  is  not  necessary  to  drill  for  connecting  pin  holes.  Thus 
not  only  is  a  substantial  saving  in  time  and  labor  effected, 
but  greater  safety  is  attained. 

The  application  of  the  rod  to  the  jaw  is  very  simple.  The 
jaw  is  slipped  on  to  the  rod  through  one  of  the  two  parallel 
holes  in  the  end  of  the  casting,  then  the  end  of  the  rod  is 
bent  over  a  mandrel  into  the  form  of  a  pot  hook  and  slipped 
through  the  other  parallel  hole.    The  end  is  then  slightly  bent 


FIG.    1. 
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FIG.   2. 
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over  to  prevent  the  jaw  from  slipping  back.  That  the  jaw  is 
sufficiently  strong  and  can  absolutely  be  relied  on  will  be 
seen  from  the  following  report  of  a  test  made  at  the  Rose 
Polytechnic  Institute: 

"The  jaw  was  fitted  with  a  %-in.  iron  rod,  and  with  the 
stub  end  of  a  lever  fitted  in  the  end  between  the  jaw.  It  was 
then  put  in  a  Rhiele  testing  machine  and  the  pulling  strain 
applied.  The  iron  broke  at  22,500  lbs.  A  bar  of  crucible 
steel  was  tnen  applied  instead  of  the  %-in.  iron  and  the  jaw 
again  submitted  to  'the  pull  of  the  machine.  This  crucible 
steel  broke  at  35,100  lbs.  strain,  and  we  were  unable  to  find 
anything  sufficiently  strong  to  hold  the  jaw  to  the  breaking 
point  of  the  casting.  At  the  conclusion  of  the  test  the  jaw 
was  apparently  in  good  condition  with  the  exception  that 
the  holes  for  the  pins  were  slightly  elongated,  but  not  suffi- 
ciently so  to  cause  any  difficulty  in  removing  the  pin." 

These  jaws  and  dead  lever  guides  have  been  in  service  for 
five  years  and  a  broken  one  has  never  been  reported,  although 
there  are  at  the  present  time  over  one  hundred  thousand  in 
use.  Many  railroads  and  private  car  lines  in  all  sections  are 
now  using  them,  'ine  jaws  and  guid-ds  can  be  furnished  for 
•?4>  %  and  1-in.  rods  and  the  jaws  for  either  one  or  two  con- 
necting pin  holes.  Further  information  will  be  furnished 
by  the  National  Malleable  Castings  Company,  Cleveland,  Ohio, 
by  whom  these  devices  are  manufactured. 


A  point  worth  investigating  in  the  selection  of  small  direct- 
current  motors  is  the  arrangement  of  the  brush  holders.  It  is 
a  good  thing  to  have  the  brush  holders  permanently  secured 
to  the  rocker  so  that  the  adjustment  of  spaces  between  brushes 
cannot  be  tampered  with.  It  they  are  accidentally  displaced 
in  their  location  upon  the  rocker  rigging,  no  end  of  sparking 
and  heating  will  result. 


The  I-section  brake  beam  of  Mr.  Cornelius  Vanderbilt,  which 
was  illustrated  on  page  324  of  our  October  number,  1902,  has 
been  improved  and  a  wrought  iron  fulcrum  applied,  as  illus- 
trated in  this  engraving.  This  fulci'um  is  made  so  that  it 
may  be  applied  or  removed  without  interfering  with  the 
brake  heads.  This  beam,  like  the  earlier  one,  is  made  by  the 
Buffalo  Brake  Beam  Company,  100  Broadway,  New  York.  An- 
other form  has  also  been  developed,  in  which  the  trussed  con- 
struction with  a  channel  compression  member  and   a  round 
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section  tension  member  are  used.  In  this  case  the  fulcrum 
has  a  swiveling  central  portion  which  is  adjustable  and  re- 
versible, making  the  same  beam  either  right  hand  or  left 
hand.  The  wrought-iron  fulcrum  above  referred  to  has  a 
tensile  strength  of  from  50,000  to  65,000  lbs.,  with  25  per  cent, 
elongation,  as  compared  with  about  30,000  lbs.  and  10  per 
cent,  elongation,  which  is  obtained  with  malleable  iron. 


THERMIT. 


The  thermit  process  of  cast-welding  has  been  brought  to 
this  country  from  Germany  and  it  is  worthy  of  attention. 
"Thermit"  is  a  mixture  of  aluminum  and  oxide  of  iron  in 
proportions  suitable  for  chemical  reaction,  which  takes  place 
under  the  influence  of  heat  produced  by  the  ignition  of  a 
small  amount  of  superoxide  of  barium  powder,  which  may 
be  started  with  a  match.  Thermit  was  produced  by  Herr  H. 
Goldsmith,  a  German  chemist,  as  a  result  of  investigations 
made  for  the  purpose  of  obtaining  chromium,  free  from  car- 
bon, for  use  in  steel  manufacture  at  the  Krupp  works.  Finely 
divided  chromium  was  discovered  to  possess  the  property 
or  taking  oxygen  from  oxide  of  iron,  provided  the  mixture 
is  in  propor  proportion  and  is  heated  sufficiently  to  start  the 
chemical  reaction.  The  reaction  is  very  rapid  and  the  result- 
ing temperature  about  5,400  deg.  F.  Graphite  crucibles  will 
not  stand  the  heat  and  special  crucibles  are  required.  In  the 
reaction  pure  melted  steel  is  produced,  and  this,  because  of 
its  high  temperature,  produces  solid  welds  with  wrought  iron, 
cast  iron  or  steel.  It  will  produce  welds  in  large  or  small 
pieces  and  has  been  successfully  applied  in  repairing  broken 
marine  crank-shafts,  defective  cylinder  castings  and  in  weld- 
ing steel  rails.  Besides  the  mjelted  steel  an  alumina  slag  is 
produced,  which  is  really  corundum,  and  is  available  for 
abrasives.  To  use  thermit  a  mold  is  made  around  the  part 
to  be  welded  and  the  reaction  is  produced  by  the  proper 
amount  of  the  material  In  a  crucible  supported  over  the  mold. 
The  entire  process  is  very  simple  and  easy.  It  is  specially 
adaptable  to  the  welding  of  rails,  and  doubtless  equally  so 
to  repairing  broken  locomotive  frames  and  castings.  Readers 
are  referred  to  the  March  issue  of  Machinery  for  an  illus- 
trated description  of  the  process. 


By  the  systematic  use  of  the  term  engine  "driver"  when  a 
locomotive  engineer  is  referred  to,  one  of  the  New  York 
dailies  is  evidently  attempting  to  Anglicize  an  important 
calling  and  belittle  a  large  class  of  intelligent  men.  It  is  to 
be  hoped  that  the  snobbery  which  led  to  the  successful  effort 
of  the  aristocracy  of  the  navy  to  degrade  the  engineers  will 
not  be  reproduced  on  the  railroads.  There  is  no  such  em- 
ployee as  an  "engine  driver"  on  any  railroad  in  the  United 
States  and  it  is  hoped  that  there  nev  r  will  be. 
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TABLES    OF    CUTTING    SPEEDS. 


FOB   MACHINE   HAN  US. 


It  is  one  thing  to  install  up-to-date  machine  tools  and 
high-speod  tool  steels  and  it  is  quite  another  thing  to  be  sure 
that  they  are  usod  to  the  best  advantage.  The  foreman  is 
not  always  at  hand  for  consultation,  and  even  if  he  could  bo 
the  man  running  a  new  tool  should  have  the  advantage  of  all 
the  information  which  can  be  given  him  in  order  to  get  the 
work  done  in  the  quiclcest  way.  To  give  these  men  such 
assistance,  Mr.  L.  R.  Pomeroy  suggests  an  adaptation  of  an 
idea  from  Mr.  Donaldson's  paper  before  the  Institution  of 
Mechanical  Engineers. 

Upon  a  brass  plate  attached  to  the  machine— a  lathe  is  se- 
lected for  illustration — the  cutting  speeds  and  revolution  of 
the  spindle  for  a  piece  1  in.  In  diameter  would  be  given  and 
arranged  as  in  the  accompanying  table.  For  each  different 
kind  of  material  the  best  cutting  speed  is  shown.  For  pieces  of 
larger  diameters  the  revolutions  are  easily  obtained  by  divid- 
ing by  the  diameter,  the  required  spindle  speed  being  the 
r.  p.  m.  for  1  in.  diameter,  divided  by  the  given  diameter  of  the 
work.  In  order  to  enable  the  workman  to  obtain  the  correct 
number  of  revolutions,  each  step  of  the  cone  pulley  could  be 
stamped  with  the  number  of  revolutions  which  it  will  produce 
at  the  spindle  with  single,  back  or  triple  gears.  In  the  table 
the  various  materials  are  represented  by  initials,  which  are 
explained. 

While  the  new  rapid  cutting  tool  steels  give  speeds  from  six 
to  ten  times  those  of  ordinary  steels  in  soft  material,  the  speeds 
for  harder  material  do  not  keep  up  this  ratio.  Perhaps  the 
makers  have  in  mind  the  demands  for  rapid  removal  of  large 
quantities  of  mild  or  moderately  hard  material— that  is  to  say, 
"rapid  reduction."  A  table  of  this  kind  should  be  carefully 
compiled  from  experiments. 

A    PLATE   FOE  A   LATHE. 

Corresponding 

Rev.  of  Spindle  Cutting  Speed 

Material.                             for  1  In.  Diameter.  in  Ft.  per  M. 

S.  V.  H 58  15. 

S.    H 84  22.6 

S.   M.   H 102  26.7 

S.     T 107  28. 

S.    S 105  22.4 

I.    W 210  55. 

I     C 80  21. 

B.   H 468  122. 

B.    S 860  224. 

B.  F.   H 615  160. 

B.  F.  S 530  13S. 

S.  V.  H.=:Steel.  very  hard.  I.  W.=\Vrouglit  iron. 

S.    H.=SteeI.   hard.  I.  C.=Cast  iron. 

S.  M.  H.=Steel.  medium   hard.  B.   H.=Brass.  hard. 

S.  T.;=SteeI,  tough.  B.   S.=Brass.  soft. 

S.  S.=SteeI,  soft.  •  B.   F.   H.=Brass,  forged  hard. 

B.  F.   S.=Brass.  forged  soft. 


Manual  for  Kr-sidpnt  Engincer.s.  Hy  F.  A.  .Moliior  and  10.  .1.  licanl. 
.Tohn  Wiliy  &  Sons.  43  East  Nineteenth  street,  New  York,  IW-i. 
lis  pagiw.     I'ricp,  $1. 

Thi.s  book  i.s  printed  on  .small  pa(;cK  anri  Is  easily  carried  in  llic 
pocket.  I(  primarily  coni[priscd  Ihc  iiiKtrnclloiis  lo  rnsidcnt  cnBi- 
nccrs  on  llio  Choctaw,  Oklahoma  &  (Jnlf  Uailroad,  hut  has  now 
been  [lUt  in  more  complclp  fonn,  willi  I  tic  addilion  of  sprcificationB 
for  K''iidiiation,  masonry,  limd)cr,  and  also  of  tables  of  level  cuttings 
lor  various  widths  and  slopes.  These  iiist ructions  are  well  given 
and  anyone  of  experience  is  likely  to  lind  some  points  of  value 
touched  upon  in  the  wav  of  new  siicyostion.  To  anyone  new  to  the 
work,  the  volume  .should  prove  of  special  Interest.  There  are  a 
number  of  pages  of  sample  notes  and  a  sample  bit  of  profile  show- 
ing among  other  things  the  arrangements  for  haul  of  materials. 


Itcport    of    K.varnination    of    Water    Supply    of    .Middle    Division. 

.Milii.siiii.  Topeka  &  Santa  Fe  Railway. 

In  November  of  last  year  the  Kennicott  Water  Softener  Oini- 
pany  made  an  elaborate  investigation  of  the  boiler  waters  of  18 
entire  divisions  of  the  Santa  Fe  Road  and  embodied  the  results  In 
a  report,  the  like  of  which  has  never  been  attempted  before.  Tliey 
have  reproduced  in  miniature  form  the  report  of  the  middle  divi- 
sion comprising  29  water  stations,  and  readers  of  this  journal  are 
advised  to  secure  copies  for  permanent  record.  The  report  opens 
with  a  table  and  comparative  chart  showing  the  relative  amounts  , 
of  incrusting  solids  before  treatment  and  the  re.sults  to  be  had  from 
softening.  The  next  chart  shows  the  number  of  pounds  of  in- 
crusting  solids  entering  the  boilers  at  each  station  for  every  24 
hours.  The  amounts  range  between  4.0:5  and  090  lbs.  for  this 
division.  This  illustrates  the  importance  of  considering  the  amount 
of  water  used  as  well  as  its  iiuality.  .Vnother  chart  show.s  the 
possible  reduction  in  sodium  carbonates  in  the  waters  containing 
that  substance.  Following  this  is  a  table  of  total  consumption  aniT 
capacities  of  the  softeners  reconuuended,  together  with  the  number 
of  hours  of  operation  required  daily.  Information  concerning  the 
various  incrusting  impurities  is  presented  and  the  pamphlet  closes 
with  the  individual  analyses  of  all  of  the  waters  of  the  division, 
with  remarks  upon  each.  In  these  analyses  the  figures  for  incrust- 
ing solids  are  given  prominence  by  red  ink.  This  is  one  of  the  most 
convincing  exhibits  in  favor  of  water  treatment  that  we  have  .seen 
and  it  conveys  the  impression  that  the  authors  of  tlie  report  thor- 
oiighly  understand  their  subject.  It  is  presumed  that  copies  may 
be  had  upon  application  to  the  office  of  the  company,  77  Jackson 
Boulevard.  Chicago. 


The  application  of  steam  turbines  to  driving  centrifuial 
pumps  for  boiler  feeding  Is  the  boldest  step  thus  far  taken  in 
connection  with  the  development  of  these  interesting  ma- 
chines. Information  has  been  received  from  a  reliable  source 
concerning  a  battery  of  boilers  carrying  200  lbs.  pressure 
which  are  fed  in  this  way. 

B00K5  AND  PAMPHLETS. 


Klements  of  Steam  Engineering.  By  IT.  W.  Spangler.  Professor 
of  Dynamical  Engineering,  University  of  Pennsylvania;  A.  M. 
Greene,  .Tr.,  Professor  of  Mechanical  Engineering.  University  of 
Mi.ssouri.  and  S.  M.  Marshall.  27.5  pages ;  illustrated.  .Tohn 
Wiley  &  Sons,  43  Bast  Nineteenth  street.  New  York.  1903. 
Price.  ?3. 

This  book  is  to  give  beginners  in  the  study  of  mechanical  engi- 
neering a  general  knowledge  of  the  essentials  of  apparatus  used 
In  steam,  power  plants  It  illustrates  and  explains  the  purpose  of 
boilers  of  various  types,  boiler-room  accessories,  steam  engines, 
valves,  indicators,  governors,  condensers  and  multiple-expansion 
engines.  It  does  not  present  theory  and  is  elementary.  It  is  evi- 
dently intended  as  a  preparation  for  theoretical  studies  and  should 
be  read  at  the  very  beginning  of  a  mechanical  course.  It  is  well 
Illustrated  and  has  a  convenient  index.  It  is  an  excellent  book  to 
give  the  beginner  a  "working  vocabulary." 


Steel  Rolling  Doors,  Shutters  and  Partitions.— The  Columbus 
Steel  Rolling  Shutter  Company,  Columbus,  Ohio,  has  issued  a  new- 
catalogue  of  tlieir  steel  shutters  showing  the  construction  of  the 
sheets  and  illustrating  applications  to  freight  houses  .ind  other 
buildings.  This  company  has  recently  equipped  the  Hocking  \  al- 
ley shops  and  freight  sheds,  also  the  new  shops  of  the  Pennsylvania 
lines  West  of  Pittsburg,  and  a  number  of  car  houses  for  electric 
roads  in  Ohio  and  Indiana.  The  shops  are  working  "double  turn" 
and  the  company  expects  to  move  into  the  outskirts  of  the  city  of 
Columbus  to  obtain  increased  facilities  for  manufacturing  and 
shipping. 


The  American  Tool  Works  Company,  of  Cincinnati.  Ohio,  have 
made  a  number  of  changes  in  the  personnel  of  their  management. 
Mr.  Franklin  -Vlter  is  president:  Henry  Luei's,  secretary  and 
treasurer:  J.  B.  Doan.  general  manager:  A.  E.  Robinson,  general 
superintendent  All  departments  are  very  busy  .and  the  outlook 
foi  future  business  is  such  as  to  require  extensive  additions  and 
alterations  to  the  plant  A  number  of  new  tools  have  recently  been 
brought  out  with  gratifying  results. 


C.  H.  Whall  &  Co.,  170  Summer  street,  Boston,  have  issued  an 
attractive  little  pamphlet  directing  attention  to  their  metallic  win- 
dow casing  for  passenger  cars  and  other  windows.  This  construc- 
tion provides  a  dust  and  weather  proof  and  rattle  proof  window 
v.hich  can  at  all  times  be  easily  moved.  Two  elastic  metal  casings 
are  secured  to  the  window  frame  and  grooves  are  made  In  the  sash 
to  tit  the  rounded  edges  of  the  casings.  The  sides  of  the  sash  are 
embraces  between  the  two  casings  with  sufficient  pressure  to 
insure  tight  joints  but  not  to  prevent  easy  movement.  Side  sash 
locks  are  not  necessary,  as  the  casings  bold  the  window  open  at 
any  desired  point.  This  company  also  manufacture  fiber  insula- 
tions and  fusees. 
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Tlip  National  Brake  Shoe  Company,  620  Atlantic  avenue,  Bos- 
ton, lias  succeeded  to  the  business  of  the  AUston  Foundry  Company, 
and  will  continue  the  manufacture  of  the  "Compo"  brake  shoe  for 
steam  and  electric  railway  service. 


The  O.  M.  Edwtyds  Company  has  secured  the  services  of  Mr. 
J.  E.  Simons  as  general  manager.  Sir.  Simons  was  formerly  in 
charge  of  the  rolling  stock  of  the  Pittsburgh  Coal  Company  and  is 
widely  known  among  railroad  men  from  his  long  experience  with 
them  and   hi.s   activity   in   the   Master   Car   Builders'   Association. 


Mr.  Edgar  N.  Smith,  formerly  roadmaster  on  the  B.  &  M.  R. 
Railroad  in  Nebraska,  and  previous  to  that  on  the  N.  Y.,  N.  H. 
&  H.  and  the  Boston  Elevated,  has  accepted  a  position  with  the 
Railway  Appliances  Company,  giving  his  time  particularly  to  the 
Q  &  C.-Bonzano  rail  joint. 


The  Railway  Appliances  Company  has  secured  the  car  vestibule 
diaphragm  business  of  the  E.  J.  Ward  Company,  including  ma- 
terial and  machinery.  These  diaphragms  will  be  manufactured  at 
Chicago  Heights.  Mr.  C.  C.  Murray  has  joined  the  staff  of  the 
Railway  Appliances  Company  and  will  devote  his  attention  to  the 
Q.  &  C.  pneumatic  tools,  with  headquarters  in  Pittsburgh. 

The  Northern  Metallic  Packing  Company  has  been  incorporated 
at  St.  Paul,  Minn.,  with  a  capital  of  ifSO.OOO,  to  conduct  a  general 
manufacturing  busine.ss.  Its  specialties  are  Northern  Metallic 
Packing,  Curran  Locomotive  Chime  Whistle,  the  Furhman-Nelson 
Pneumatic  Motor  and  other  railroad  specialties.  The  officers  are 
Alfred  Munch,  president ;  L.  B.  Mack,  vice-president ;  S.  R.  Pars- 
low,  treasurer,  and  D.  E.  Anderson,  secretary. 


The  Westinghouse  Air  Brake  Company  will  at  once  begin  the 
erection  of  a  new  foimdry  to  be  320  x  65  ft.  and  constructed  of 
brick  with  steel  frame.  This  foundry  will  be  located  just  west  of 
the  present  works  at  Wilmerding,  and  has  been  made  necessary  by 
the  greatly  increased  demand  for  castings  used  in  the  apparatus 
manufactured  by  this  company.  Owing  to  the  development  of  the 
traction  brake  business,  the  air  brake  company's  present  foundry 
facilities  have  been  overtaxed  for  some  time  past  and  in  order  to 
insure  greater  efficiency  in  production  and  prompt  delivery  of  ma- 
terial it  has  become  necessary  to  provide  greater  capacity.  This  • 
addition  to  the  plant  will  materially  increase  the  working  force, 
now  numbering  about  3,000  men. 


The  Pittsburg  &  Lake  Erie  Railroad  has  ordered  from  the  Ken- 
nicott  Water  Softener  Company  ten  automatic  water  softener 
plants.  The  largest  of  these  is  to  be  installed  at  the  McKees  Rocks 
shops  and  will  have  a  capacity  of  60,000  gals,  per  hour.  In  con- 
nection with  it  two  500,000-gal.  steel  storage  tanks.  50  ft.  in  diame- 
ter and  40  ft.  high,  will  be  erected.  The  water  will  be  pumped 
from  a  deep  well  with  a  pumping  capacity  of  2,000  gals,  per  min- 
ute in  centrifugal  pumps  driven  by  electric  motors.  The  plans  are 
arranged  to  duplicate  this  softener  when  it  is  required.  At  the 
terminal  station  a  small  machine  of  15,000  gals,  per  hour  will  be 
put  in.  At  Hazelton.  Newcastle  Junction,  Rock  Point  and  Grove- 
ton  machines  of  42,000  gals,  hourly  capacity  will  be  used,  and  at 
Stobo,  Williamsburg,  Buena  Vista  and  Whitsett  Junction  machines 
of  21,000  gals,  per  hour.  This  order  is  placed  in  accordance  with 
a  plan  to  install  water  purification  plants  over  the  entire  road  so 
that  locomotives  will  take  no  raw  water  for  use  in  their  boilers. 
The  Union  Pacific  has  just  placed  an  order  for  25  more  Kennicott 
water  softeners  and  have  adopted  it  as  standard.  The  smallest 
one  in  the  order  is  of  10,000  gals,  capacity  per  hour.  This  is  the 
third  order  from  the  Union  Pacific  and  it  raises  the  total  capacity 
of  these  softeners  in  use    on  one  order  to  20,034,000  gals,  per  day. 


The  AUis-Chalmers  Company  will  move  on  May  1  from  the 
Home  Insurance  Building  to  the  New  York  Life  Building,  La  Salle 
and  Monroe  streets,  Chicago.  This  is  part  of  the  progressive  pro- 
gramme of  this  concern,  which  includes  large  expenditures  for  bet- 
terments at  Milwaukee,  Chicago  and  Scranton,  all  of  which  are  un- 
dertaken in  order  to  secure  the  best  service  and  prompt  deliveries. 
An  idea  of  the  scope  of  the  business  is  had  from  the  statement  that 
in  the  past  two  months  orders  for  engines,  mining,  rock-crushing, 
saw-mill  or  flour-mill  machinery  have  come  from  every  State  in  the 
Union,  besides  the  following  foreign  countries :  England,  South 
Africa,  Mexico,  Canada,  Chili,  Central  America,  Brazil,  West  Ails- 
tralia,  Turkey,  Finland,  Yukon  Territory,  Belgium,  British  Colum- 
bia, Bolivia,  Hawaiian  Islands,  Peru,  Alaska,  China  and  the  Phil- 
ippine Islands. 


Mr.  George  E.  Martin  has  resigned    as    superintendent     of     the 
shops  of  the  Pedrick  &  Ayer  Co. 


Webb  C.  Ball,  of  Cleveland,  O.,  has  been  appointed  chief  watch 
iiispeclor  of  the  Rutland  Railroad,  with  headquarters  in  Cleveland. 


Mr.  J.  D.  Hurley  and  Mr.  A.  B.  Holmes,  who  were  formerly 
connected  with  the  Standard  Pneumatic  Tool  Company,  are  now 
associated  with  the  Hand  Drill  Company,  in  the  "Imperial"  pneu- 
matic tool  department. 


The  Pittsburgh  Filter  Manufacturing  Company  have  opened  a 
New  York  office  at  29  Broadway.  Mr.  R.  Dorn,  formerly  con- 
nected with  the  Industrial  Water  Company,  will  be  in  charge.  The 
address  of  the  Pittsburgh  Filter  JIanufacturing  Company  in  Pitts- 
burgh lias  been  changed  from  the  Empire  P.uilding  to  the  Parmer's 
Hank   P.uilding. 


The  Baltimore  Railway  Specialty  Company  has  been  formed  to 
lake  over  the  business  of  the  Baltimore  Ball  Bearing  Company, 
which  was  organized  by  Mr.  J.  E.  Norwood  to  manufacture  his 
hall-bearing  center  plates  and  side  bearings,  which  were  illustrated 
on  jiage  208  of  our  July  issue  of  last  year.  The  officers  of  the  new 
company  are:  President.  T.  H.  Symington;  vice-president,  J.  W. 
Middendorf;  secretary  and  treasui'er,  W.  Eason  Williams;  me- 
chanical engineer,  J.  E.   Norwood.     The  capital  is  $900,000. 


The  Chicago  Pneumatic  Tool  Company  have  appointed  Mr. 
Henry  Engels  western  sales  agent  on  the  I'acific  Coast,  with  head- 
quarters with  Messrs.  Eccles  &  Smith.  91  Tremont  street,  San 
Francisco,  Cal.  All  Pacific  Coast  business  will  be  cared  for  at 
that  office.  Messrs.  Eccles  &  Smith  will  continue  in  their  capacity 
of  general  agents  and  they  will  be  assisted  by  Mr.  Engels.  The 
company  reports  an  increase  in  the  already  heavy  demand  for  their 
product  in  this  and  foreign  countries. 


The  Babcock  &  Wilcox  Co.  have  won  their  suit  against  the 
Aultman  &  Taylor  Machinery  Company  and  Thayer  &  Co.  for  in- 
fringement of  their  trade  name,  and  a  perpetual  injunction  was 
issued  against  the  defendants,  enjoining  them  from  using  the  name 
"Babcock  &  Wilcox"  or  the  initials  "B.  &  W."  in  connection  with 
the  sale  of  any  boiler  not  manufactured  by  the  Babcock  &  Wilcox 
Co.  This  firm  name  and  initials  identify  the  product  of  this  com- 
pany and  have  done  so  for  many  years,  representing  a  high  reputa- 
tion gained  by  invariable  integrity.  They  cannot  be  lawfully  used 
in  connection  with  the  boilers  of  any  other  company.  This  action 
by  the  United  States  Circuit  Court  is  an  important  one. 


The  Fort  Pitt  Spring  and  Manufacturing  Company  announce 
that  they  are  manufacturing  railway  springs  and  are  ready  to 
execute  orders  for  spiral  railway  springs  of  any  capacity  and  for 
any  purpose.  They  are  in  position  to  insure  prompt  deliveries,  as 
their  equipment  is  modern  and  up-to-date  in  every  respect.  The 
plant  is  tuider  the  personal  charge  of  Mr.  Martin  B.  Foley,  who 
has  for  a  number  of  years  had  charge  of  the  spring  departments  of 
the  Crescent  Steel  Company  and  Ander.son,  Dupuy  &  Co.,  which 
was  later  the  Crucible  Steel  Company  of  America,  and  afterward 
with  the  Railway  Steel  Spring  Company.  This  wide  experience 
enables  him  to  meet  the  severest  requirements.  The  offices  of  the 
company  are  at  McKee's   Rocks,  Pa. 


A.  Leschen  &  Sons  Rope  Co.,  of  St.  Louis,  manufacturers  of 
wire  rope  and  aerial  wire  rope  tramways,  have  opened  an  office 
and  warehouse  at  1717  Arapahoe  street,  Denver,  Col.,  where  a 
complete  stock  of  wire  and  manila  rope  will  be  carried.  This  is 
the  fourth  branch  office  and  warehouse  opened  by  them.  They 
make  not  only  all  ordinary  grades  of  wire  rope,  but  are  the  sole 
manufacturers  of  Hercules  colored  strand  and  patent  flattened 
strand  wire  rope.  They  also  manufacture  automatic  tramways 
which  load  and  unload  automatically,  several  types  of  friction 
grip  tramways,  single  and  two-line  bucket  tramways. 

W.V  XTFJi.  A  POSITION — By  a  live,  practical  foreman  painter 
who  desires  to  change.  Is  not  an  invalid,  and  will  engage  to  go 
anywhere  in  the  United  States.  Is  recognized  in  the  Master  Car 
and  Locomotive  Painlei-s'  Association  as  a  thinker  and  successful 
■nan.      Best  of  references.     Address  A.  B.  C,  care  this  paper. 


May,  1903. 
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The  machine  shop  floor  area  per  erecting  shop  stall,  tor  a 
large  number  of  shops,  both  repair  and  construction,  has  been 
given  in  Table  7,  an  analysis  of  which  discloses  the  fact  that 
although  there  are  wide  limits  of  practice,  there  is  neverthe- 
less evidence  that  a  liberal  provision  of  machine  shop  floor 
space  very  favorably  affccis  erecting  shop  output.  The  exact 
amount  of  machine  shop  floor  space  which  it  is  best  to  provide 
for  a  given  installation  is  an  economic  problem  which  in- 
volves consideration  of  the  questions  of  interest  on  capital, 
land  values,  etc.  The  design  of  a  machine  shop  not  being 
limited  to  a  few  types,  but  in  fact  admitting  of  great  vari- 
ations, it  is  not  practicable  to  give  one  or  more  typical  cross 


repair  shop  it  is  seldom  the  case  that  tools  occupying  more 
than  one-third  of  the  total  floor  space  cau  be  served  to  best 
advantage  by  an  overhead  traveling  crane,  and  it  so  happens 
that  thise  are  the  tools  which  are  best  adapted  to  the  indi- 
vidual electri(;  drive  and  do  not  require  overhead  shafting.  If 
driving  wheels  are  stored  inside  the  building  it  may  be  neces- 
sary to  increase  the  amount  of  floor  space  covered.  The  bal- 
ance of  the  tools  can  be  better  served  by  local  and  individual 
cranes  and  hoists,  which  also  permit  of  the  placing  of  shafting 
and  motors  overhead.  Every  machine  shop  should  be  so  de- 
signed that  all  shafting  may  be  hung  either  from  the  roof 
trusses,  from  walls,  or  from  structural  columns,  as  floor  stands 
for  shafting  support  are  very  mu<th  in  the  v.'ay  and  occupy 
space  which  is  valuable  for  other  and  more  legitimate  pur- 
poses. The  walking  crane  is  not  as  well  known  in  this 
country  as  in  England,  but  as  modernized  and  adapted  to  be 
electrically  driven  is  a  very  satisfactory  appliance.  It  takes 
up  a  minimum  of  floor  space  and  head  room,  has  a  deck  on 
which  material  may  he  laid,  does  not  require  highly  skilled 
labor  to  operate,  and  leaves  the  operator  free  to  assist  in  ad- 
justing slings,  etc.,  which  cannot  be  done  by  traveling  crane 
operators. 

The  traveling  crane  equipment  and  the  head-room  of  several 
machine  shops  are  given  in  Table  8.  A  capacity  of  ten  tons 
appears  to  be  sufficient  for  the  traveling  crane.  Its  heaviest 
load  would  probably  be  a  pair  of  cylinders  bolted  together, 
which,  in  the  case  of  some  compound  engines,  weigh  upwards 


T.A.BLB    S— TRAVELING    CRANE    EQUIPMENT    AND    HEAD-ROOM 


IN    SEVERAL    TYPICAL    MACHINE 
, Head-room 


Place. 


Railroad. 


Depew,   N.    Y New   York    Central 

Concord.    N.    H :  .  Boston    &    Maine 

Chicago,    111.    (Annex) Chicago    &    Northwestern 

Oelwein,    Iowa    .  .  . Chicago   Great   Western 

Fond   du    Lac,    Wis . ' Wisconsin    Central    

Hannibal,    Mo Hannibal   &  St.   Joseph 

Dubois.    Pa BuiTalo.    Rochester   &    Pittsburg.  . 

Elizabethport.    N.    J Central  Railroad  of  New  Jersey.  . 

Reading.    Pa Philadelphia  &   Reading 

Baring   Cross.    Ark Missouri    Paciflc 

Omaha,    Neb Union    Pacific    

Pocatello,    Idaho     Oregon    Short   Line 

Jackson.    Mich Michigan    Central    

Topeka,    Kan Atchison,  Topeka  &  Santa  Pe. .  .  . 

Oak   Grove.    Pa New   York    Central 

Montreal.   Can Canadian    Pacific    

McKees    Rocks,    Pa Pittsburg  &  Lake  Erie 


Year 

Built. 

1893 

1897 

1900 

1900 

1900 

1901 

1901 

1902 
1902 
1902 
1902 
1902 
1903 
1903 
1903 
1903 
1903 


Traveling  Crane 
Equipment. 


Where  Cranes 
Are  Used. 
Ft.  Ins. 


1  15 -ton 

2  5-ton 


/  1    10-ton  \ 

(  1     5-ton  / 

2  10 -ton 


33—6 
22—9 


30—9 
33—5 


10 -ton 
10-ton 

71/2 -ton 

5-ton 


40—0 
39—0 


2  10-ton 


32 — 9 
25 — 9 


SHOPS. 

( Approximate) . 

Where  Cranes 

Are  Not  Used. 

Ist  Floor.  2d  Floor 

Ft.  Ins.     Ft.  Ins. 

22-0      

18 — 0      

IS — 0  13 — 0 
17—9  14 — 7 
22 9      

16 — 4     ie— 4 

20-0       

20—3      

Cranes  throughout 

21-0      

19 — 0  17—6 

19 — 0  17 — 6 

18—6  ...... 

15-0  12 — 0 

18 — 0       

19-0  17 — 9 

Cranes  throughout 


sections,  as  was  done  in  the  case  of  the  erecting  shop,  but 
certain  essential  features  may  be  considered  and  discussed. 

Good  practice  requires  the  use  of  firm  floors.  Where  laid  on 
earth  a  stratum  of  concrete  should  be  interposed.  This  need 
not  necessarily  be  the  usual  cement  sand  and  broken  stone 
mixture,  but  rather  some  cheaper  substitute  which  may  make 
use  of  locomotive  front  eud  cinders  flushed  with  tar  or  as- 
phaltum,  the  whole  covered  by  a  layer  of  planking  and  a  thinner 
top  dressing  which  may  be  easily  renewed  in  spots.  Such  a 
floor  construction  makes  foundations  quite  unnecessary,  except 
for  a  few  of  the  heavier  tools;  these  and  oth'er  tools  which 
have  individual  electric  drives  are  relieved  from  belt  pull 
tending  to  lift  them  from  or  shift  them  on  their  foundations, 
while  lighter  shaft  driven  tools  may  be  fastened  down  with 
lag  screws  or  hook  bolts.  In  a  two-story  structure  the  upper 
floor  should  be  of  heavy  planking,  with  top  dressing  as  before. 

The  loss  of  time  resulting  from  the  use  of  two-story  struc- 
tures for  machine  shop  purposes,  though  indeterminate,  is 
nevertheless  actual  and  inevitahle,  and  that  form  of  construc- 
tion should  not  be  resorted  to  unless  for  the  reason  that  land 
is  obtainable  only  at  a  prohibitive  price.  In  addition  to  the 
loss  of  time  resulting  from  the  transportation  of  men  and 
materials,  there  is  a  loss  of  floor  space,  repeated  on  each  floor, 
where  stairways  and  elevators  are  provided,  and  the  loss 
which  comes  from  the  impaired  lighting  of  the  lower  story. 
Besides  this  it  is  often  necessary  to  introduce  columns  to  sup- 
port the  second  floor  and  these  are  an  obstruction  and  interfere 
with  the  grouping  of  tools  and  the  movement  of  men  and 
materials  on  the  first  floor. 

In  the  machine  shop  department  of  the  average  locomotive 


of  eight  tons.  When  the  head-room  figures  are  examined  in 
connection  with  the  designs  from  which  they  were  taken  it  is 
found  that  certain  apparently  excessive  dimensions  are  ac- 
counted for  by  structural  considerations.  Eliminating  these  it 
would  appear  that  in  one  story  machine  shop  structures  25  ft. 
is  suflicient  head-room  in  a  crane  bay  (of  moderate  width), 
while  20  ft.  is  liberal  in  a  bay  where  cranes  are  not  used. 
When  these  limits  are  exceeded  it  is  for  structural  reasons 
(as  stated  before)  or,  in  the  case  of  very  broad  shops,  to 
secure  better  lighting.  Where  there  is  a  second  story  in  a  bay 
where  cranes  are  not  used  the  head-rooms  on  the  first  and 
second  floors  might  be  taken  as  approximating  18  and  15  ft. 
respectively. 

The  structural  designs  and  specifications  of  a  building  to  be 
used  as  a  machine  shop  should  require  that  the  members, 
whether  roof  trusses  or  floor  girders,  from  which  shafting, 
hoists,  etc.,  are  to  be  hung,  should  be  built  truly  horizontal, 
without  camber,  and  should  expose  below  broad  flat  surfaces 
with  flanges,  over  the  edges  of  which  hook  bolts  may  be  at- 
tached. This  construction  permits  the  attachment  of  supports 
for  shafting,  hoists,  etc.,  without  drilling  holes  in  metallic 
members,  and  facilitates  slight  changes  of  location,  which 
often  become  necessary. 

The  selection  of  tools  for  the  machine  shop  is  a  matter  of 
critical  importance,  especially  under  existing  conditions,  when 
tools  are  being  redesigned  and  their  output  modified  by  the 
use  of  new  cutting  steels  and  the  electric  drive.  The  safest 
way  in  the  case  of  a  new  and  large  plant  would  be  to  organize 
a  special  commission  to  deal  with  the  question  and  prepare  the 
list.    Two  or  three  men  Who  had  actual  charge  in  large  shops 
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and  Bay  two  representatives  of  the  tool  manufacturers  could, 
by  comparing  the  tool  lists  of  existing  plants,  jointly  de- 
termine the  requirements  of  the  plant  under  consideration.  It 
is  not  simply  a  question  of  the  design  and  specification  of  each 
individual  tool,  but  also  the  question  of  how  many  tools  of 
each  kind  are  needed  in  order  that  work  on  the  several  parts 
of  the  locomotive  may  progress  at  such  a  rate  that  the  finished 
work  will  be  ready  a  little  in  advance  of  the  schedule  time 
when  it  may  be  required. 

The  location  and  grouping  of  tools  may  be  governed  by  a 
few  general  principles.  The  heavier  tools  (say  those  requiring 
5  h.  p.  or  over  to  drive)  should  be  located  under  a  traveling 
crane.  Tools  working  exclusively  on  castings  should  be 
placed  near  the  point  at  which  castings  are  received  into  the 
shop.  Those  working  exclusively  on  forgings  should  be  placed 
near  the  receiving  point  for  forgings.  Different  tools  engaged 
on  the  various  processes  of  producing  one  finished  article 
should  be  grouped  together.  Sufficient  floor  space  adjacent  to 
each  tool  should  be  reserved  for  the  storage  of  a  reasonable 
quantity  of  raw  material  and  finished  product.  Passageways 
for  the  movement  of  men  and  material  must  be  reserved. 

In  applying  these  principles  to  a  given  plant  it  will  at  once 
be  found  that  their  claims  are  often  conflicting,  and  that  a 
judicious  compromise  must  be  effected.  Such  necessary  com- 
promise should  never  fail,  however,  to  provide  direct  passage- 
ways for  the  movement  of  material  along  those  lines  on  which 
the  work  naturally  progresses.  In  a  locomotive  shop,  whether 
for  construction  or  repairs,  a  great  advantage  is  gained  if 
driving  wheels  can  be  handled  entirely  by  the  same  cranes 
that  cover  the  erecting  stalls;  otherwise  the  wheels  must  be 
rolled  from  one  crane  bay  to  another,  which  seems  easy,  but 
is  actually  a  laborious  operation,  and  open  to  many  incon- 
veniences and  objections,  owing  to  the  excess  of  counterbal- 
ance. Custom  has  placed  the  heavier  tools  on  that  side  of  the 
machine  shop  nearest  to  the  erecting  shop;  this  practice  has 
undoubtedly  been  copied  from  locomotive  construction  shops, 
but  can  hardly  be  justified  for  repair  shops,  where  the  aggre- 
gate movement  of  high  priced  labor  between  locomotives  and 
light  tools  greatly  exceeds  the  aggregate  movement  between 
locomotives  and  the  heavy  tools,  this  latter  being  done,  more- 
over, by  cheap  labor. 

Although  a  layout  plan  showing  tool  locations  should  always 
be  made  in  advance,  yet  it  should  never  be  regarded  as  final, 
and  the  person  having  charge  of  the  actual  placing  of  the  tools 
in  the  shop  should  be  empowered  to  make  considerable  varia- 
tions in  the  location  of  Individual  tools,  provided  the  general 
scheme  of  grouping  is  adhered  to.  After  all  the  tools  have  been 
actually  located  a  final  layout  plan  may  be  made  for  purposes  of 
record.  In  this  connection  it  should  be  stated  that  in  general  it 
is  cheaper  In  the  end  to  duplicate  lighter  tools,  say  up  to  a  value 
of  $500  each,  rather  than  to  be  compelled  to  transport  material 
long  distances  from  some  other  tool  by  which  it  has  been 
partly  finished.  The  duplication  of  such  light  tools  in  different 
places  is  simply  a  recognition  of  one  of  the  principles  men- 
tioned above. 

The  best  method  of  driving  tools  is  undoubtedly  the  electric 
drive   applied   Individually   to   the   heavier   tools,   to    isolated 
tools,  to  those  lighter  tools  which  require  the  use  of  variable 
speed,  and  applied  collectively  to  groups  of  such  lighter  tools 
as  may  be  economically  run  at  approximately  constant  speeds. 
Under  present  conditions  direct  current  best  meets  all   the 
conditions,  but  when  the  induction  motor  can  be  made  to  give 
a  variable  speed  then  the  alternating  current  will  undoubtedly 
be  the  primary  current,  which  may  be  transformed  into  direct 
current  for  the  few  remaining  applications  where  the  direct' 
current   will    give   better   results.     Every   electrically    driven 
shop  should  have  motor  speed  control  attachments  to  certain 
motors,  but  it  is  not  possible  to  here  discuss  the  relative  merits 
of   rheostatic   control,   fleld   control,   or   multi-voltage   control, 
which  may  be  combined  and  modified  in  various  ways.     Data 
on   the   power   required    to    drive    individual    tools    has    been 
accumulating  so  rapidly  since  the  electric  drive  was  intro- 
duced that  the  rating  of  tools  has  become  comparatively  easy; 
eimilarly,  enough   completed   plants  have  been   in   operation 


under  close  observation  to  enable  the  designer  of  new  plants 
to  assume  a  load  factor  for  group  drives  which  'will  insure  an 
abundance  of  power  at  the  tools  on  the  one  hand  and  on  the 
other  will  keep  the  size  of  the  motor  down  to  an  economical 
limit. 

A  well  appointed  tool  room  should  be  a  feature  of  every 
machine  shop,  but  its  scope  and  design  admit  of  such  wide 
variation  that  no  standard  proportions  can  be  established. 
The  principal  requisites  are  that  its  location  should  be  central 
and  its  equipment  complete  and  liberal. 
(To  be  Continued.) 
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SECTION  VI.,  AETiCLE  40.     (Continued.) 


(Continued  from  Page  155.) 

If,  now,  an  expression  can  be  found  which  can  be  substi- 
tuted for  the  coeflicient  of  D  and  which  will  represent  the 
height  of  stack  in  inches  in  each  of  the  four  equations,  it  will 
be  possible  to  write  a  single  equation  in  the  place  of  four. 
That  this  may  be  more  readily  accomplished,  the  values  repre- 
senting best  diameters  with  which  we  have  been  dealing  were 
so  chosen  that  while  doing  no  violence  to  the  experimental 
data,  they  will,  when  plotted  in  terms  of  height-of-st>ck,  and 
diameter-of-stack,  fall  upon  the  same  straight  line,  all  as 
shown  by  Fig.  100.  This  fact  makes  it  possible  to  write  in 
simple  form  a  general  equation  expressing  the  relation  thus 
defined.  Thus,  by  i  ig.  100,  it  is  apparent  that  when  the  stack 
height  is  zero,  the  diameter  is  equal  to  something  over  13  ins. 
(more  exactly  13.28)  and  the  slope  of  the  line  connecting  the 
several  experimental  points  is  such  thac  with  each  inch  height 
of  stack,  the  diameter  increases  .00123  in.  X  54.  If,  as  in  the 
previous  case,  we  may  convert  the  expression,  which  as  it 
stands  applys  only  to  the  Purdue  locomotive,  into  a  general 
expression,  by  substituting  D  for  the  diameter  of  boiler  (54 
ins.)  we  may  write  as  the  coefficient  of  D,  in  the  four  pre- 
ceding equations, 

(.246 +  .00123  H) 
in  which  H  is  the  height  of  the  Stack  In  inches. 

As  proof  that  this  expression  satisfifls  the  conditions  of  the 
four  equations  preceding,  we  may  substitute  in  succession  the 
several  values  of  H  for  which  the  preceding  equations  apply, 
and  obtain  in  each  case  a  result  which  will  be  identical  with 
the  coefficient  of  D  which  is  there  written.    Thus: 

In  the  preceding  equation  for  stacks  26%  ins.  high,  the  co- 
efficient of  D  is  .28.  Making  the  H  which  appears  in  the  pro- 
posed coefficient  equal  to  26 V4,  we  have: 

(.246  4-  .00123  H)  =  .246  +  .00123  X  26.5  =  .2785. 
Similarly,  for  stacks  36%  ins.,  the  coefficient  of  D  is  29;   for 
stacks  45%  ins.  the  coefficient  is  .30;   and  for  stacks  56%  ins. 
the  coefficient  is  .31,  respectively.     The  general  expression  for 
each  of  these  coefficients  is: 

(.246  -f  .00123  H)  =  .246  +  .00123  X  36.5  =  .2908 
(.246  -f  .00123  H)  =  .246  +  .00123  X  46.5  =  .3031 
(.246  +  .00123  H)  =  .246  +  .00123  X  56.5  =  .3154 
We  may,  therefore,  write  for  any  straight  stack  when  the 
exhaust  nozzle  is  on  the  center  line  of  the  boiler, 

d  =  (.246  -f  .00123  H)  D 
d  being  the  diameter  of  the  stack  in  inches  when  the  exhaust 
nozzle  is  on  the  center  line  of  boiler,  H  the  height  of  the 
stack  in  inches,  and  D  the  diameter  of  the  front  end  of  the 
boiler  in  inches.  A  liberal  interpretation  of  this  equation  is 
to  the  effect  that  the  diameter  of  a  straight  stack  should  be 
approximately  one-fourth  the  diameter  of  the  front-end  plus 
,0012  inch  for  each  ii)c)j  in  height.    Modification  in  the  form 
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ins.,  gives  maximum  results  for  all  heights  of  stack  between 
the  limits  of  20 '/u  Ins.  and  56%  Ins.  In  other  words,  unlike  the 
straight  stacit,  the  diameter  of  the  tapered  stack  does  not 
need  to  bo  varied  with  changes  in  the  height. 

Stating  this  fact  In  the  form  of  an  equation,  therefore,  we 
have  for  a  tapered  stack  upon  the  Purdue  engine,  the  diameter 
of  the  boiler  of  which  is  i»4  Ins.,  the  following: 

Ja=13.5; 
also  da  =  13.5  =  . 25  X  54  1ns. 

Assuming  that  the  results  thus  obtained  from  the  experi- 
mental engine  may  be  applied  to  other  engines  having  differ- 
ent diameters  of  boilers,  and  using  the  diameter  of  the  holler 
a?  a  unit  of  measure,  we  may  write  for  all  locomotives,  and  for 
all  heights  of  stacks  where  the  exhaust  tip  is  on  the  center  of 
the  boiler: 

d  =  .25  D 

in  which  d  is  the  least  diameter  of  the  tapered  stack  when  the 
exhaust  tip  is  on  the  center  line  of  boiler  and  D  is  the  diameter 
of  the  front-end  of  the  holler. 

Expressing  this  relation  In  words.  It  Is  to  the  effect  that 
when  the  exhaust  nozzle  is  on  the  center  line  of  the  boiler, 
the  least  diameter  of  tapered  stack  should  be  one-quarter  the 
diameter  of  the  front-end  of  the  boiler. 

41.  The  Effect  of  Changes  in  the  Height  of  the  Exhaust 
Vozzle  upon  the  Diameter  of  Stack. — For  the  purpose  of  pass- 
ing from  the  results  obtained  from  the  experimental  engine  to 
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Fig.  10) 

Ol  this  equation  to  satisfy  the  condition  arising  from  varying 
heights  of  exhaust  nozzle  will  be  hereafter  considered. 

Tapered  Stacks. — The  best  results  attending  the  use  of  the 
tapered  stacks  of  each  different  height  experimented  upon  in 
connection  with  the  seven  different  heights  of  exhaust  nozzles, 
appear  in  Figs.  96  to  99,  inclusive.  In  these  diagrams,  the  ex- 
perimental results  are  shown  by  means  of  black  spots  con- 
nected by  horizontal  lines  in  the  manner  already  described  in 
connection  with  the  straight  stack.  When  two  stacks  give 
equally  good  results,  both  points  are  located  and  the  spots 
connected  by  a  horizontal  line,  and  where  a  larger  or  smaller 
stack  gives  results  almost  as  good  as  the  best,  a  line  is  ex- 
tended in  Its  direction  terminating  in  a  small  spot  midway 
between  that  representing  the  best  stack  and  the  position 
representing  the  stack  which  is  almost  as  good. 

Proceeding,  as  in  the  case  of  the  straight  stacks,  to  locate  a 
representative  point  in  line  with  Nozzle  No.  3,  which  will 
fairly  represent  the  experimental  data,  choice  has  been  made 
of  the  diameter  13^4  ins.,  and  a  circle  drawn  upon  all  diagrams 
while  at  this  diameter.  It  appears,  therefore,  that  an  import- 
ant conclusion  to  be  derived  from  the  experimental  data  is  to 
the  effect  that  a  tapered  stack  having  a  least  diameter  of  13% 


Fig.  »02 

those  to  be  expected  from  engines  having  boilers  of  other  di- 
ameters, using  the  boiler  diameter  as  a  unit  of  measure,  it  has 
been  necessary  thus  far  to  deal  with  conditions  for  which  the 
parts  are  symmetrically  arranged.  It  Is  for  this  reason  that 
the  central  position  of  the  nozzle  is  the  only  position  which 
has  been  employed.  We  may  now  consider  the  influence  upon 
the  diameter  of  the  stack  resulting  from  changes  in  the  height 
of  the  nozzle. 

The  points  represented  by  the  circles  (Figs.  92  to  99)  and 
which  have  been  the  basis  of  equations  thus  far  written,  have 
been  so  located  that  it  is  possible  to  draw  through  each  of  them 
a  straight  line  which  will  fairly  represent  the  best  diameter  of 
stack  for  all  heights  of  nozzles.  The  oblique  line  which  ap- 
pears in  the  several  figures  may  be  regarded  as  such  a  line.  It 
now  remains  to  find  an  expression  for  this  line  which  can  be 
added,  as  a  new  term,  to  the  equation  which  has  already  been 
deduced,  for  the  purpose  of  modifying  the  final  results  as  de- 
manded by  the  differences  in  results  obtained  when  changes 
are  made  in  the  height  of  the  nozzle. 

Straight  Stacks. — In  Figs.  92  to  95,  Inclusive,  representing 
the  straight  stacks,  the  oblique  lines  representing  the  relation- 
ship between  diameter  of  stack  and  height  of  nozzl*  aa  dla- 
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closed  by  the  experimental  data  have  all  been  drawn  straight 
and  at  a  constant  angle.  The  slope  of  the  line  is  such  that 
assuming  the  effect  of  the  nozzle  in  Position  3  to  be  zero,  the 
effect  upon  the  diameter  of  the  stack  of  each  inch  change  in  the 
height  of  the  exhaust  nozzle  equals  .19  of  an  inch.  It  is  evi- 
dent that  this  correction  will  effect  an  increase  in  the  diameter 
of  the  stack  when  the  nozzle  position  is  below  the  center  line 
of  the  boiler,  and  a  decrease  in  the  diameter  of  the  stack  when 
the  exhaust  nozzle  is  above  the  center  line  of  the  boiler.  We 
may.  therefore,  write  as  a  new  term  in  the  equation  giving  the 
best  diameter  of  a  straight  stack, 

.19  h 
in  which  h  is  the  distance  in  inches  between  the  center  line 
of  the  boiler  and  the  exhaust  tip,  the  sign  preceding  this  term 
being  positive  when  h  is  the  distance  below  the  center  line, 
and  negative  when  h  is  the  distance  above  the  center  line. 

Tapered  Stacks. — A  similar  process  gives  the  constant  rep- 
resenting the  change  in  effect  to  changes  in  the  height  of  the 
nozzle  for  the  tapered  stack,  excepting  that  for  this  stack,  the 
slope  of  the  line  (Figs.  a6  to  99)  is  different  and  the  constant 
is  different.  Its  value  is  represented  by  .16.  Thus,  to  measure 
the  effect  of  changes  in  the  height  of  nozzle  on  the  diameter 
of  the  stack,  we  may,  for  the  tapered  stack,  write: 

.16  h, 
the  sign  preceding  the  term  being  postive  when  h  is  distance 
below  the  center  line  and  negative  when  h  is  distance  above 
the  center  line. 

42.  Equations  Giving  Stack  Diameters  for  Any  Height  of 
Stack  letween  the  Limits  of  26  Iiis.  and  56  Ins.,  and  Any 
Height  of  Nozzle  between  the  Limits  of  10  Ins.  Below  the  Cen- 
ter of  the  Boiler  and  20  Ins.  Ahove  the  Center  of  the  Boiler,  and 
for  Any  Diameter  of  Front  end. — Combining  the  expressions  of 
the  two  preceding  paragraphs,  we  may  have  equations  giving 
diameter  of  stack  in  terms  of  its  height,  diameter  of  front-end, 
and  the  distance  between  the  center-line  of  the  boiler  and  the 
top  of  the  exhaust  tip.  These  several  equations  obviously  are 
the  equations  of  the  oblique  lines  appearing  in  the  correspond- 
ing diagrams,  Figs.  92  to  99.    They  are  as  follows: 

For  Straight  Stacks: 

When  the  exhaust  nozzle  is  below  the  center  line  of  the 
boiler, 

d  =  (.246  -f  .00123  H)  D  +  .19  h. 

When  the  exhaust  nozzle  is  above  the  center  line  of  the 
boiler, 

d  =  (.246  -f  .00123  H)  D  —  .19  h. 

When  the  exhaust  nozzle  is  on  the  enter  line,  h  Is  equal  to 
zero  and  the  last  term  disappears,  and  there  remains, 
d  =  (.246  4-  .00123)  D. 

For  Tapered  Stacks: 

When  the  nozzle  is  below  the  center  line  of  the  boiler, 
d  =  .25  D  +  .16  h. 

When  the  nozzle  is  above  the  center  line  of  the  boiler, 
d  =  .25  D  —  .16  h. 

When  the  nozzle  is  on  the  center  line  of  the  boiler,  h  becomes 
zero,  and 

d  =  .25  D. 
In  all  of  these  equations,  d  is  the  diameter  of  the  stack  in 
inches.  For  tapered  stack  it  is  the  least  diameter  or  diameter 
of  "choke."  H  is  the  height  of  stack  in  inches  and  for  maxi- 
mum efficiency  should  always  be  given  as  large  a  value  as  con- 
ditions will  admit.  D  is  the  diameter  of  the  front-end  of  th« 
boiler  in  inches,  and  h  the  distance  between  center  line  of 
boiler  and  the  top  of  the  exhaust  tip. 

The  fact  is  worthy  of  all  emphasis  that  H  should  always  be 
made  as  great  as  possible. 

If  D  in  the  several  equations  is  made  equal  to  54,  the  diame- 
ter of  the  front-end  of  the  Purdue  locomotive,  the  equations 
will  give  results  identical  with  those  which  are  assumed  to 
represent  the  maximums  obtained  in  the  course  of  the  experi- 
ments. How  far  they  should  be  employed  in  the  manner 
which  has  been  indicated  for  engines  having  a  boiler  different 
in  size  can  not,  of  course,  be  stated  with  certainty,  though  the 
undersigned  is  of  the  opinion  that  where  the  conditions  sur- 
rounding stack  and  nozzle  are  similar,  they  may  be  depended 


upon  to  give  satisfactory  results  for  any  diameter  of  front-end 
now  in  use  or  likely  soon  to  come  into  use.  What  the  condi- 
tions are  which  should  be  observed  in  the  use  of  the  equationr 
is  best  shown  by  Figs.  101  and  102. 

In  this  connection,  also,  it  should  be  noted  that  it  is  not 
claimed  that  the  plain  stack  and  nozzle,  as  shown,  will  give 
better  results  than  some  other  arrangement,  but  merely  that 
when  the  plain  stack  and  nozzle  are  used,  the  equations  will 
give  the  best  relation  of  diameter  to  height  which  is  obtain- 
able. It  is  this  question  onlj  that  the  experiments  were  de- 
signed to  cover.  Whether,  for  example,  as  a  general  proposi- 
tion, the  application  of  draft  or  petticoat  pipes  will  improve  the 
draft,  or  whether  they  will  affect  the  relation  of  height  and 
diameter  of  stack  as  already  establisned,  can  not  be  determ- 
ined from  the  present  work. 

(To  6e  Continued.) 


CRANE  BEAM  AND  SLINGS. 


FoK  50-ToN  Tr.welino  Cr.\kes. 


On  looking  up,  in  the  technical  papers,  the  subject  of  crane 
Bllngs  and  beams  for  handling  locomotives  in  erecting  shops, 
a  coirespondent  discovered  a  scarcity  of  information  upon  the 
subject  and  suggested  the  advisability  of  putting  on  record  the 
construction  of  these  details.  Through  the  courtesy  of  Mr. 
Charles  E.  Turner  and  W.  R.  Maurer,  of  the  Buffalo,  Rochester 
&   Pittsburg  Railway,   the  accompanying   engravings   of  the 
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DETAILS   OF  A  BOX-GIEDEE  BEAM  AND  THE  SLINGS. 
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DETAILS  OP  THE  CLEVIS  FOE  A   STEEL  ROPE   SLING. 

lifting  beam  and  rope  slings  for  the  Du  Bois  shops  of  that  road 
are  presented. 

The  sling  is  designed  for  a  capacity  of  50,000  lbs.,  and  two 
were  provided.  The  rope  is  of  steel  wire,  the  eye  splices  at  the 
ends  being  made  by  the  manufacturers  of  the  rope.  The  lifting 
beam  Is  a  box  girder,  built  up  of  angles  and  plates  of  the  di- 
mensions Indicated.  The  Du  Bois  shops  have  longitudinal 
tracks. 
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THE  APPLICATION    OF    INDIVIDUAL  MOTOR   DRIVES 
TO    OLD    MACHINE    TOOLS. 


McKees   Rocks   Siiors. — Pittsbubciu   &   La^e  Emie   Railboao. 


BV    It.    V.    WRIUIIT,    MECHANICAL    ENGINEEB. 


II. 


Upon  machine  tools  such  as  lathes,  boring  mills,  etc.,  which 
handle  woric  of  varying  diameter,  the  horse-power  required  is 
practically  constant  over  wide  ranges  of  speed.  An  ideal  motor 
for  such  machines  would  be  one  in  which  the  torque  increases 
as  the  speed  decreases.  The  torque  of  a  motor  is  practically 
constant,  however,  and  the  horse-power  varies  directly  as  the 
speed. 

If,  for  instance,  a  certain  horse-power  is  required  through  a 
range  of  speed  of  8  to  1,  the  motor,  in  order  to  furnish  full 
power  at  its  lowest  speed,  would  be  required  to  have  a  capacity 
which,  at  the  highest  speed,  would  be  equal  to  eight  times  as 
much  as  the  power  required.  This  would,  of  course,  be  modi- 
fied somewhat,  if  the  speed  range  of  the  motor  was  increased 
by  weakening  the  field.  But  as  the  field  is  weakened  and  the 
speed  thus  increased,  the  horse-power  falls  off  rapidly.  Thus, 
if  the  required  range  of  speed  is  large,  and  the  entire  range  is 
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FIG.     1. — DIAGRAM    SHOWING    RELATION    BETWEEN    THE    SPEED    AND 

POWER  OF   A    MOTOR  USING   THE    M.    P.    21    (FIELD 

WEAKENING)    CONTROLLER. 

furnished  through  the  motor,  a  large  and  bulky  motor  will  be 
required,  and,  furthermore,  it  will  not  be  very  efficient  at  the 
lower  speeds. 

With  the  Crocker-Wheeler  Company's  multiple  voltage  sys- 
tem, in  cases  where  machine  tools  require  a  wide  range  of 
speed  with  a  constant  horse-power  throughout,  part  of  the 
range  is  taken  by  the  motor  and  part  by  runs  of  gearing  inter- 
posed between  the  motor  and  the  machine.  This  system  allows 
the  use  of  a  comparatively  small  motor  whose  average  efficiency 
is  greater  than  in"  the  case  cited  above,  since  it  need  not  be 
run  at  such  comparatively  low  speeds. 

A  complete  description  of  the  Crocker-Wheeler  four-wire 
multiple-voltage  system  will  be  found  on  pages  23  and  24  of 
the  January,  1903,  issue  of  this  journal.  For  the  McKees  Rocks 
shops  installation,  the  controller  which  is  illustrated  and  de- 
scribed on  page  24  of  the  January  issue,  and  which  is  known 
as  the  M.  A.  12  controller,  will  be  used  on  part  of  the  machines 
only.  For  certain  machine  tools,  such  as  lathes,  on  which  we 
wish  to  have  a  large  number  of  speed  changes,  the  M.  F.  21 
type  of  controller  will  be  used. 

The  intermediate  speeds  between  any  two  voltages  are  ob- 
tained in  the  M.  A.  12  controller,  by  changing  the  armature 
resistance;  this  arrangement  allows  only  one  Intermediate 
speed  between  any  two  voltages.     The  intermediate  spesda 


with  the  M.  F.  21  controller  are  obtained  by  weakening  the 
field,  and  several  Intermediate  speeds  can  be  obtained 
between  any  two  voltages.  Furthermore,  the  intermediate 
speeds  are  more  stable  with  the  M.  F.  21  controller,  although 
the  power  at  the  Intermediate  speeds  is  reduced  somewhat. 
Fig.  1  shows  dlagrammatlcally  the  relation  between  the  speed 
and  the  power  for  the  M.  F.  21  controller,  and  Fig.  2  shows 
this  relation  for  the  M.  A.  12  controller. 

Let  us  now  consider  the  case  of  the  application  of  a  motor 
to  lathe  No.  C.  This  is  a  20-in.  Reed  lathe,  the  data  for  which, 
as  belt  driven,  is  shown  on  page  125  of  the  April  Issue  of  this 
journal.  We  wish  to  have  a  range  of  speed  upon  this  tool  of 
from  8  to  240  rev.  per  mln.  The  class  of  work  to  be  done  on 
this  latho  will  not  be  very  heavy  and  it  was  decided  to  fit  It 
up  for  a  capacity  of  taking  a  '/4-in.  cut  with  a  1-32-ln.  feed  on 
hard  steel  at  a  cutting  speed  of  50  ft.  per  minute. 

The  maximum  horse-power  required  to  do  this  work  =:  1-32 
X  1/4  X  50  X  12  X  1  X  .7  =  3'A-  (See  formula  on  page  125  of  the 
preceding  article  of  this  series.)  Since  the  work  is  of  a  variable 
diameter,  it  will  require  3V4,  or  say  3  horse-power,  throughout 
the  entire  speed  range.  The  question  which  naturally  presents 
itself  is:  Can  we  make  use  of  the  gearing  now  on  the  lathe  In 
connection  with  the  application  of  the  motor?  The  present 
back  gear  ratio  is  10.7  to  1.    Assume  that  the  motor  is  con- 
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FIG.   2. — DLAGRAU  SHOWLNQ  RELATION  OF  THE  SPEED  AND  POWKB  OF 

A-MOTOB  USING  THE  M.   A.    12    (aBMATDBE  RESISTANCE) 

CONTROLLER. 

nected  so  as  to  drive  the  main  spindle  at  240  revolutions  per 
minute.  Now,  if  the  back  gear  is  thrown  in,  the  spindle  speed 
will  be  240  -=-  10.7  =;  22.4  revolutions  per  minute.  In  order  to 
fill  in  the  gap  between  25  and  240  revolutions  per  minute  the 
motor  would  be  required  to  have  a  speed  range  of  about  9.6 
to  1.    Referring  to  Fig.  1,  it  will  be  found  that  when  the  motor 


is  running  at  10.4  per  cent. 


Q«" 


its  maximum   speed,   or 


the  lowest  speed,  it  will  furnish  about  20  per  cent,  of  its  rated 
power.  Therefore,  in  order  to  furnish  3  horse-power  through- 
out the  range,  a  15  horse-power  motor  would  have  to  be  used. 
A  motor  of  this  size  would  be  very  large  and  bulky  for  a  20-in. 
lathe  and  would  not  be  very  efficient  at  the  lower  speeds. 

With  the  required  power  and  range  of  speed,  can  we  change 
the  number  of  teeth  in  the  present  gears  and  use  a  smaller 
motor? 

Two  hundred  and  forty  to  8  revolutions  per  minute  is  a 
range  of  30  to  1.  For  such  a  range  the  motor  and  the  run  of 
gearing  would  each  have  to  cover  a  range  of  speed  of  about  5.5 
to  1.    Referring  again  to  Fig.  1,  it  will  be  found  that  the  motor 


at  18  per  cent 
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its  maximum  speed,  furnishes  prac- 
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tlcally  the  same  percentage  of  power  as  In  the  case  considered 
above,  and  so  we  are  really  not  much  better  off. 

Suppose  then  we  add  another  run  of  gears.  The  motor  and 
each  run  of  gears  would  be  required  to  have  a  range  equal  to 
the  cube  root  of  30,  or  about  3.108  to  1.  The  spindle  speeds 
would  run  thus: 

Maximum.   Minimum. 

First  run 240  71." 

Second   run    y-f  24. y 

Third   run    2-*-9  ''•C 

It  would  be  Just  as  well,  however,  if  there  were  a  jump  of 

speed  between  the  different  runs  of  gearing  equal  to  the  10  per 

cent,  speed  increments  furnished   by  the  controller.     Reduce 

the  speed  range  of  the  motor  10  per  cent,  or  from  3.108  to  1 

down  to  2.79  to  1,  and  the  spindle  speeds  will  run  thus: 

Maximum.  Minimum. 

First  run   240   •  8H 

Second  run    77.3  2i.8 

Third   run    24.9  8.93 

The  lower  speed  limit  is  increased  somewhat,  but  this  can 
easily  be  remedied  by  changing  the  ratios  slightly.  The  motor 
could,  of  course,  be  run  at  a  still  lower  speed,  but  at  reduced 
power. 

Referring  again  to  Fig.  1,  it  will  be  found  that  when  the 

motor   is   running   at   36    per    cent.!  )    of    its    maximum 

\2.Tt»/' 

speed.  It  furnishes  60  per  cent,  of  its  total  power.  Therefore, 
in  order  to  have  3  horse-power  available  throughout  the  range, 
a  5  horse-power  motor  will  have  to  be  used.  At  controller 
points  10,  11  and  12,  it  will  run  a  little  below  3  horse-power, 
but  the  motor  will  run  at  full  power  at  these  points  a  small 
part  of  the  time,  only,  and  it  can  easily  take  care  of  the  slight 
overload. 
A  chart  similar  to  the  one  shown  ii)  Fig  3  will  be  found  very 
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8IBED  CUTTING   SPEEDS   WITH   WOBK   OF   VARYING    DIAMETERS. 

useful  in  determining  the  spindle  speeds  for  all  cutting  speeds 
with  work  of  various  diameters. 

When  two  runs  of  gearing  are  used  in  connection  with  the 
motor,  the  arrangement  shown  in  Fig.  4  is  very  convenient. 
X  and  Y,  in  the  engraving,  represent  a  double  and  single  jaw 
clutch  respectively.  Gears  F,  C,  B  and  H  run  loose  on  the 
main  spindle.  B  is  keyed  to  an  extension  of  gear  C.  When  X 
Ifl  thrown  to  the  left,  the  motor  drives  the  main  spindle  direct. 
When  X  Is  In  the  center  and  Y  is  thrown  to  the  right,  the  re- 


A         C        E 
duction   is  through  —   x    —  X   — .    When   Y   is  out  and  X  is 
B  D         F 

A       C       G 
thrown  to  the  right,  the  drive  is  through  —  x  —  X  — • 

B       D       H 

Figs.  5  and  6  show  in  detail  the  double  jaw  clutch  used. 
These  clutches  are  made  of  cast  steel  and  have  only  three 
jaws,  which  are  large  and  substantial.  The  corners  of  the 
teeth  are  beveled  off  and  the  teeth  have  1-16-in.  play  in  the 
cavities  into  which  they  fit.  This  allows  the  clutch  to  be 
thrown  in  while  the  lathe  is  slowing  up  and  before  it  has  come 
to  a  full  stop. 

With  the  arrangement  shown  in  Fig.  4,  all  the  gears  will  be 
running  all  the  time  the  lathe  is  in  operation.  The  idle  gears 
will,  however,  run  at  a  slow  speed  and  the  greater  part  of  the 
time  only  one  pair  will  run  idle  since  the  lathe  will  work  on 
one  of  the  two  slower  runs  most  of  the  time.  The  wear  on 
the  gears  while  running  idle  will  not  amount  to  much.  This 
slight  disadvantage  can  be  overlooked  when  we  consider  the 
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ease  with  which  the  change  can  be  made  from  one  run  of  gears 
to  either  of  the  others. 

If,  instead  of  clutches,  the  gears  themselves  were  to  be 
shifted  on  the  shaft,  it  would  be  necessary  to  bring  the  lathe 
to  a  dead  stop  and  then  move  the  machine  slightly  backward 
or  forward  in  order  to  get  the  teeth  to  mesh. 

In  place  of  bronze  bushings  for  the  cast  steel  parts  which 
run  loose  on  the  shaft,  babbitt  metal  will  be  used  as  shown  in 
the  drawing  of  the  jaw  clutch  in  Fig.  6.  This  is  not  as  good 
practice,  but  in  several  cases  we  found  that  it  would  be  very 
inconvenient  to  allow  enough  room  to  take  in  a  bushing. 

Fig.  7  shows  the  motor  attached  to  the  lathe.  The  brackets 
which  support  the  motor  are  cast  with  chipping  strips  where 
they  fit  against  the  headstock.  The  motor  is  connected  to  the 
main  spindle  as  indicated  by  a  214-in.  Morse  silent  chain.  This 
is  easily  applied  and  furnishes  a  very  convenient  method  of 
making  the  speed  reduction. 

With  a  vertical  chain-drive  it  is  necessary  to  have  some 
means  of  talking  up  the  slack,  as  the  chain  wears.  We  expect 
to  do  this  by  placing  shims  under  the  motor  feet.  The  same 
result  may  be  accomplished  by  fitting  a  set  screw  with  a  lock 
nut  into  the  motor  bracket,  with  the  point  of  the  screw  press- 
ing upward  against  the  motor  foot,  so  as  to  adjust  the  height 
thereof.  The  motor  would  be  held  to  the  bracket  by  through 
bolts  as  before.  With  a  horizontal  drive  the  weight  of  the 
chain  itself,  of  course,  provides  for  the  slack. 

With  the  use  of  the  silent  chain  it  is  advisable  to  have  an 
uneven  number  of  teeth  in  both  chain  sprockets  in  order  to 
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KKi.    ^. — DETAILS    OF    TIIK    DOUBLE    JAW    STEEL    CLUTCH. 

keep  the-  wear  on  the  sprocket  teeth  even.  It  Is  advisable 
with  a  motor  drive  to  have  an  uneven  reduction  from  the 
motor  in  any  case,  whether  it  is  made  by  silent  chain  or 
gears;  otherwise,  if  the  work  is  regularly  intermittent  (the 
cut  on  a  piece  in  a  lathe,  for  instance,  might  be  light  except  at 
one  part  of  the  revolution  where  it  might  be  very  heavy),  an 
excessive  torque  may  be  necessary  at  one  point  of  the  revolu- 
tion, and  If  it  comes  on  the  same  commutator  bar  each  time  it 
will  cause  a  had  sparking  and  eventually  ruin  that  commutator 
bar. 

In  designing  new  gears  and  in  checking  over  the  strength 
of  such  old  ones  as  we  found  it  possible  to  use,  the  formula, 
W  =  s  p  f  y,  devised  by  Wilfred  Lewis  (see  Kent's  Pocket 
Book,  page  901),  was  used.  Comparing  this  with  the  practice 
followed  by  some  of  the  tool  builders  we  found  that  it  gave  a 
rather  low  value  for  the  strength,  and,  therefore,  in  several 
cases  where  the  load  on  the  gears  was  steady  we  used  some- 
what higher  values,  for  the  safe  working  strength  for  different 
speeds,  than  those  given  in  connection  with  the  formula. 

The  sizes  of  keys  were  determined  by  reference  to  table  on 
page  976  of  Kent's  Pocket  Book,  entitled,  "Size  of  Keys  for 
Machine  Tools."  The  sizes  for  sliding  feathers  were  deter- 
mined from  Table  III.  on  page  977  of  Kent's  Pocket  Book. 

In  order  to  prevent  a  careless  workman  from  throwing  in 
the  two  opposing  clutches  at  the  same  time  an  interlocking 
device  was  devised  by  our  chief  draughtsman,  Mr.  W.  P.  Rich- 
ardson.   This  mechanism  is  illustrated  in  Figs.  7  and  8. 

A  and  B  are  the  handles  of  the  two  levers  which  operate  the 
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il<i.  7. — DETAILS  OF  THE  APPLICATION  OF  THE  MOTOB  TO  THE  LATHE,   SHOWING  ABBANGE- 
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FIG.    8. — DETAILS    OF    CLUTCH    HANDLE    INTEBLOCEINa    MECHAinSK. 


clutches  on  the  main  spindle  of  the  lathe. 
C  is  the  latch  bracket  for  lever  A,  anl 
carries  the  locking  mechanism.  The  latch 
bracket  for  lever  B  is  a  plain  bracket  (not 
shown),  merely  provided  with  holes  for 
engaging  the  latch  pin  D. 

E  is  a  latch  bar  pinned  to  lever  B,  and 
slides  freely  in  a  groove  of  the  bracket  C 
when  the  lever  A  is  in  its  mid  position, 
and  the  clutch  it  operates  Is  thus  dis- 
engaged. 

Any  side  movement  of  the  lever  B  slides 
the  bar  E  so  that  it  engages  In  the  slot  In 
latch  pin  F  and  thus  locks  lever  A;  the 
latter  remains  locked  nntU  the  lever  B  Is 
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returned  to  its  central  position  and  the  clutch  operated  by  it 
Is  thus  disengaged. 

When  B  is  in  its  central  position,  the  bar,  B,  is  moved  along 
so  that  the  latch  pin,  F,  may  be  drawn  past  it  through  the  slot, 
G,  and  the  lever,  A,  thus  unlocked.    But,  in  so  doing,  the  stop 


pin,  H,  no  longer  held  up  by  the  latch  pin,  P,  has  been  forced 
down  by  the  spring  above  it,  into  slot,  G,  and  the  bar,  B,  is 
securely  locked;  this  in  turn  locks  lever,  B,  in  its  central  posi- 
tion with  its  clutch  out. 

(To  be  continued.) 


STEEL    CARS     ON 


THE     BESSEMER    &    LAKE 
RAILROAD. 


ERIE 


A  complete  record  of  steel  car  construction  in  this  country 
would  be  valuable  and  interesting.  Its  value  would  be  greatest 
hi  showing  that  some  of  the  earliest  designers  in  this  field 
worked  out  ideas  the  importance  of  which  is  only  now  ad- 
mitted or  recognized.  The  record  would  reveal  a  number  of 
backward  steps  and  it  would  impress  the  importance  of  know- 
ing what  has  been  done  in  order  to  retain  continuity  of 
progress. 

By  special  request  for  a  record  of  the  designs  which  have 
impressed  themselves  upon  the  construction  of  this  equipment, 
drawings  and   information   have   been   secured   showing   the 


THE  FOX  STEEL  FLAT  CAR — 1S94. 

development  upon  the  Bessemer  &  Lake  Erie  Railroad,  the 
pioneer  in  this  country  in  the  use  of  steel  cars  on  a  large  scale. 
The  credit  belongs  to  Mr.  Charles  L.  Taylor,  who  has  been 
connected  with  the  Carnegie  interests  for  more  than  twenty 
years  and  is  now  chairman  of  the  Carnegie  Relief  Fund. 
While  traveling  in  Europe  early  in  1894,  Mr.  Taylor  became 
thoroughly  impressed  with  the  successful  use  of  steel  in  car 
construction  on  the  Continent  and  returned  to  this  country 
firmly  convinced  that  the  time  for  large  capacity  steel  cars 
had  arrived.  He  had  been  closely  identified  with  the  first 
manufacture  of  soft  Bessemer  steel  in  this  country  as  super- 
intendent of  the  Homestead  Steel  Works  from  1882  to  1886. 
During  this  period  the  transition  from  iron  to  steel  in  the 
manufacture  of  ship  plates,  bridge  and  structural  material 
had  been  most  marked,  these  works  having  been  pioneers  in 
this  development. 

The  Havre  de  Grace  bridge  of 
the   Baltimore   &   Ohio   Railroad 

was     the     first     Bessemer     steel 

structure  in  this  country,  and  it 
converted  Rear-Admiral  Robley 
D.  Evans  to  this  material.  He 
was  the  inspector  of  the  steel  for 
that  structure  and  had  much  to 
do  with  introducing  soft  steel 
plate  and  developing  its  manu- 
facture for  vessels  of  the  navy. 
With  the  growth  of  the  demand 

the  manufacturers  were  prepared  for  extending  the  manufac- 
ture, and  thus  the  shipbuilding  interests  and  others  using  soft 
Bessemer  steel  had  an  important  infiuence  on  the  steel-car 
situation  by  rendering  the  steel  car  possible  commercially. 
In  1894  the  first  step  In  the  large  scale  development  of  the 
steel  car  was  taken.  It  was  not  taken  by  a  railroad  but  by  a 
Bteel  company,  and  since  that  time  the  use  of  steel  in  this  con- 
struction has  increased  with  marvelous  rapidity.  During  the 
three  years  from  1900  to  1902,  inclusive,  the  Carnegie  Steel 
Company  alone  has  furnished  about  1,000,000  tons  of  steel  for 
car  construction,  over  400,000  tons  having  been  shipped  during 
the  year  1902.  Other  companies  have  added  their  quota,  but 
thMe  figures  serve  to  show  the  growth  of  the  Industry.    Up  to 


January  1,  1903,  the  total  output  of  the  six  largest  manu- 
facturers ot  steel  cars  has  been  96,021  all-steel  cars,  not 
including  cars  with  steel  underframes. 

It  is  diflicult  to  believe  that  well-known  high  oflicials  of  our 
railroads  only  eight  years  ago  ridiculed  and  discouraged  the 
introduction  of  steel  in  this  direction,  but  this  is  true.  Only 
six  years  ago  railroad  men  considered  the  steel  car  movement 
merely  a  selfish  effort  of  a  steel  company  to  find  another  mar- 
ket for  their  product  for  steel  plates.  One  year  later,  however, 
the  Pittsburg,  Bessemer  &  Lake  Erie  Railroad  was  quite  will- 
ing to  make  an  investment  of  over  $1,000,000  in  steel  cars. 
U  was  a  bold  step,  and  in  the  light  ot  subsequent  experience 
it  reflects  great  credit  upon  all  concerned.  From  this  begin- 
ning there  developed  a  special  branch  of  structural  engineer- 
ing in  which  many  millions  have  been 
invested  and  many  thousands  of  men 
employed. 

FOX  STEEL  FLAT  CARS,  1894. 

In  the  autumn  of  1894  the  Carnegie 
Steel  Company  received  from  the  Fox 
Solid  Pressed  Steel  Car  Company,  of 
Joliet,  111.,  seven  steel  flat  cars  of 
80,000  lbs.  capacity.  These  were  de- 
signed jointly  by  oflicers  of  both  of 
these  companies;  they  were  exhibit- 
ed at  the  convention  of  the  Master 
Car  Builders'  Association  at  Sara- 
toga, N.  Y.  They  have  been  in  continuous  service  for  the 
Carnegie  people  and  are  now  in  daily  use,  giving  entire 
satisfaction  in  carrying  rough  and  finished  steel  products. 
Drawings  of  these  cars  are  not  now  available,  but  the 
engravings  show  their  appearance.  They  were  built  of 
rolled  shapes,  without  truss  rods,  and  decked  with  planks, 
and  were  of  the  following   dimensions: 

Fox  Steel  Flat  Cars,  1894. 

Length   over  end    sills....  » 34  ft.  1  in. 

Length  between  truck  centers 24  ft. 

Wheel  base  of  trucks 5  ft.  2  ins. 

Width   over   decking 8  ft.  7 1/2  ins. 

Width  over  stake   pockets 9  ft.  5  ins. 

Height  of  deck  from  top  of  rails 3  ft.  11 1/2  ins. 

Capacity     80,000  lbs. 

Weight  of  No.  1002 26,220  lbs. 

Weight  of  No.  1007 25,150  lbs. 

PENNOCK    FLAT    CARS,    1895. 

An  outcome  of  numerous  interviews  between  Mr.  Charles  L. 


r 


IHh.    I'J-.N.NOCK     t.Tl'.l-.L    1-LAT     C.\K 1895. 

Taylor  and  Mr.  Willard  Pennock,  of  Pennock  Bros.,  Minerva 
Car  Works,  Minerva,  Ohio,  was  the  construction  of  a  Pennock 
all-steel  flat  car  purchased  by  the  Carnegie  Steel  Company  in 
June,  1895.  This  car  was  rated  with  a  capacity  of  60,000  lbs.,  and 
was  tested  at  Pittsburg  in  July,  1895,  with  a  load  of  118,000  lbs. 
of  steel  billets,  giving  a  deflection  at  the  center  of  %  in.  This 
car  was  constructed  of  fish-bellied  steel  channels  placed  side 
by  side,  the  webs  forming  the  floor  and  the  flanges  being 
secured  together  by  rods  extending  across  the  car,  forming 
longitudinal  ribs  extending  the  full  length  of  the  car.  The 
construction  is  illustrated  by  the  accompanying  engraving. 
This  car  weighed  22,620  lbs.  Its  center  was  reinforced  by  a  12- 
In.  I  beam  split  in  the  center,  each  half  being  used  as  a  center 
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Bill.  This  car  is  still  in  service.  It  has  given  entire  satisfac- 
tion for  seven  years,  and  is  apparently  good  for  a  great  many 
more  years. 

FIIIST  STEEL  lIOrrEIt  CAIi,   189G. 

A  wooden  hopper  coal  car,  designed  and  built  by  the  Penn- 
sylvania Railroad  in  1895,  has  exerted  a  strong  influence  on 
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CROSS  SECTION  OF  THE  I'ENNOCK  CAB. 

the  design  of  steel  cars.  This  was  the  first  hopper  car  on  that 
road  and  it  is  believed  to  be  the  first  large  car  of  this  type. 
Ill  the  Pennsylvania  classification  it  is  known  as  the  "G  g" 
car.     More  will  be  said  about  it  later. 

In  the  design  of  the  first  steel  hopper  cars  by  the  Carnegie 
Company  the  chief  features  of  the  Pennsylvania  "G  g"  car  were 
closely  followed.  In  fact,  the  officers  of  that  road  were  con- 
sulted at  the  time,  though  they  were  not  quite  ready  to  go 
ahead  in  steel  construction.  The  experience  of  the  Carnegie 
Company  with  their  steel  flat  cars,  which  had  repeatedly  trans- 
ported armor  plate  across  the  continent  to  the  shipyards  of 
the  Paclflc  coast,  led  them  to  advance  with  confidence,  their 
next  step  being  the  construction  of  two  large  steel  hopper 
cars  of  structural  shapes  and  plates,  the  work  being  done  at 
the  Keystone  Bridge  Works  of  the  Carnegie  Company  in  1897. 
These  cars  were  designed  by  M.'. 
Charles  L.  Taylor,  ably  assisted 
In  the  design  and  construction  by 
Mr.  J.  B.  Hardie.  The  drawings 
of  these  cars  show  that  their 
capacity  was  supposed  to  be  80,- 
000  lbs,,  but,  as  the  photograph 
indicates,  they  were  stenciled  100,- 
000  lbs.  These  cars  were  exhibit- 
ed at  the  Saratoga  convention  of 
1896,  and  they  have  been  in  con- 
tinuous service  on  the  Pittsburgh, 
Bessemer  &  Lake  Erie  (and  its 
successor,  the  Bessemer  &  Lake  Erie) 


since  that  lime,  making  about  fi.OOO  miles  per  year  In  haul- 
ing ore  from  the  lakes  to  the  Pittsburgh  district. 

KETBTONB  HOPPEB  CABS,  1896. 

Capacity    ^SS'SSS  !5'- 

WrlKht    39,850  lbs. 

Length  over  end  slll» •  •  •  •  •»p   "• 

Length  between  truck  centers ^  ,  .•    2  . 

Wheel    base    of   trucks •  •/>  tt.f   n3. 

Width   over  end  sills aU';5??  .   °' 

Width,     Inside     8  ft.  lOii  Ins. 

Length  of  body,    Inside ;  ■•.',/  i 

Depth  of  sides,  over  sills o  K.  Vb  ">• 

Height,  top  of  rail  to  top  of  sides iA  ..  '«?  i   "' 

Extreme  width  over  grab  Irons 10  ft.  %  ins. 

These  two  cars  were  mounted  on  Fox  pressed  steel  trucks 
and  it  is  specially  noteworthy  that  they  were  equipped  with 
the  Westinghouse  friction  draft  gear,  with  Carnegie  nickel 
axles  and  with  the  hopper  door  opening  devices  devised  by 
Mr.  G.  L.  Potter,  now  general  manager  of  the  Baltimore  ft 
Ohio  Railroad,  The  builders  tested  them  with  a  load  ot 
125,000  lbs,  of  wet  sand  and  found  no  important  deflections. 
It  was  stated  at  that  time  that  their  weight  could  be  reduced 
to  35,000  lbs.  with  perfect  safety.  After  this  test  the  capacity 
was  stenciled  at  100,000  lbs. 

These  cars  had  15-in.  I  beam  center  sills  (41  lbs.  per  ft.) 
The  side  sills  were  12-in.  20-lb.  channels,  concealed  under  the 
side  plates.  The  end  sills  were  15-In.  33-lb.  channels  with  14  by 
12  in.  plates  riveted  to  their  upper  flanges.  The  body  bolsters 
were  12-in,  20-lb,  channels  with  5-16  by  14  in.  plates  secured 
to  their  upper  flanges;  as  a  center  transom  a  12-in.  32-lb.  I 
beam  was  used.  The  center  sills  were  made  continuous  from 
end  to  end.    It  is  interesting  to  notice  that  the  underframe  Is 
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STEEL  CAB  BUILT   BY   THE   KEYSTONE   BRIDGE   WORKS — 1896. 
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PLAN,  AND  SIDE  AND  SECTIONAL   ELEVATIONS  OF  TBS  STBCOTUBAL   STEEL  CAB  BUILT  BY  THB  EEYBTONX  BBIOOE  WiOBK« 
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a  Structure  by  itself  and  that  the  hopper  construction  was 
built  upon  it.  The  drawings  of  these  cars  are  dated  January 
22  and  January  31,  1896. 

The  exhibits  of  these  cars  by  the  Carnegie  Company  at  the 
Saratoga  convention  in  1896  elicited  the  interest  not  only  of 
car  builders  but  of  operating  officers  throughout  the  country. 
The  claims  for  the  steel  car  being:  Lightness,  durability  and 
strength;  greater  proportion  of  live  to  dead  weight;  longer 
life;  reduced  cost  of  maintenance;  less  liability  to  damage 
and  greater  salvage  value.  Experience  has  verified  these 
claims  and  the  present  state  of  the  steel  car  industry  gives 
proof  of  the  sagacity  of  the  pioneers. 

EAELIEST   SCHOEN    CAES. 

On  March  26,  1897,  the  first  contract  for  building  steel  cars 
in  this  country  was  signed  by  the  Pittsburg,  Bessemer  &  Lake 
Erie  and  the  Schoen  Pressed  Steel  Company.  Up  to  this  time 
the  Schoen  Company  had  confined  its  attention  to  small  parts 
ol  pressed  steel.  The  execution  of  this  contract  for  1,000  cars 
rendered  possible  the  enlargement  of  the  Schoen  Company, 
which  has  exerted  so  powerful  an  inlluence  upon  steel  car 
building  and  has  earned  the  title  for  the  credit  for  the  subse- 
quent development  of  this  industry. 

The  contract  called  for  the  construction  of  1,000  hopper  cars. 
Four  hundred  were  built  of  structural  shapes  and  600  were 
from  the  original  design  of  pressed  steel  construction  by  Mr. 
Charles  T.  Schoen.  This  contract  was  the  beginning  of  the 
development  of  large  capacity  steel  cars  on  a  large  scale  and 
the  pressed  steel  hopper  car  has  closely  followed  the  first  de- 
sign in  cars  built  since  that  time.  The  drawings  of  the  struc- 
tural car  bear  the  date  of  January  22,  1897,  this  design  having 
been  developed  by  Mr.  Taylor  and  Mr.  Hardie  of  the  Carnegie 
Company.  The  drawing  of  the  Schoen  car  bears  the  date  of 
June  20,  1898.  Both  designs  employed  the  Westinghouse  fric- 
tion draft  gear  and  Carnegie  nickel  steel  axles,  having  about 
3  per  cent,  of  nickel.  These  axles  have  given  most  gratifying 
results  In  continuous  heavj'  service.  We  are  informed  that 
only  two  out  of  the  4,000  axles  in  this  order  have  broken  in  a 
service  of  bIx  years.     In  order  to  test  the  construction  and 


utility  of  various  steel  trucks  these  cars   were  equipped  as 
follows: 

STEEL  TBUCKS   FOB   THE   FIRST   1,000    STEEL   CABS. 


Type  of  Truck. 

Schoen 

Vogt 

Buckeye 


Number  of  Cars.  Design. 

200 Schoen  

395 Schoen  

6 t. .  . .  Schoen  

600 

100 Carnegie    Schoen 

200 Carnegie    Fox 

50 Carnegie    Kindl 

30 Carnegie    Cloud 

10 Carnegie     Vogt 

10 Carnegie    Goltra 

400 

FiBST  Contract  fob  Steel  Cabs,  1897. 

400    cabs,    CARNEGIE    DESIGN,    STRUCTUB.VL   SHAPES. 

Capacity     100.000  lbs. 

Weight    37,150    lbs. 

Length  over  end  sills 30  ft. 

Length  between   truck  centers 20  ft.  3  ins. 

Wheel  base  of  trucks 5  ft.  6  ins. 

Width   over  end   sills 9  ft.  5%  ins. 

Width,    inside    8  ft.  10%  ins. 

Length    of   body,    inside 28  ft.  6  Ins. 

Depth  of  sides  over  sills 5  ft.  11%  ins. 

Height,  top  of  rail  to  top  of  sides 8  ft.  9  ins. 

The  underframe  of  this  car  was  based  upon  15-in.  I  beam 

center  sills  and  had  no  side  sills.     Instead  of  using  side  sills 

of  structural  shapes,  the  lower  portions  of  the  side  plates  were 

reinforced  by  longitudinal  angles,  as  shown  in  the  engravings. 

This  resulted  in  a  construction  giving  the  appearance  of  15-in. 

side  sills  between  the  bolsters  and  12-in.   members  from  the 

bolsters    to    the    end    sills.      This    design    employed    latticed 

bolsters  of  the  unusual  depth  of  2  ft.  4  ins.,  and  at  the  center 

of  the  car  was  a  transom  of  plates  and  angles.    In  this  car  the 

Bides  were  depended  upon  to  assist  in  carrying  the  load,  and 

many  designers  of  more  recent  date  have  forgotten  this  fact. 

600  CABS,  schoen  peessed  steel  design. 

Capacity     100,000  lbs. 

Weight    34.350    lbs. 

Length  over  end   sills 29  ft.  6  Ins, 

Length  between  truck  centers 19  ft.  9  ins. 

Wheel  base   of  trucks 5  ft.  7  ins. 

Width,    over    stakes 9  ft.  8  ins. 

Width,  inside   9  ft.  2  ins. 

Length,    Inside    28  ft.  %  In. 

Height,  top  of  rail  to  top  of  sides 8  ft.  9  Ins. 
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jrlBST  STBUCTURAL  HOPPEB  CABS  BUILT  FOB  THE  PITTSBDBG,  BE8BEUEB  &  lAKE  EBIE  B.  B.   BY  THE  SCHOEN   FBESSEO   STEEX  CAB  CO., 

OABNEOIE   DESIGN — 1897. 
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DETAILS  Oi-  THE  ABOVE  STBUCTUBAL  HOPPEB  CAB,  CABNEGIE  DESIGN,    BUILT  BY  THE  SCHOKN  PBESSED  BTEEL  CAB  CO. 
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ITBST  SOHOEK  PEESSED  STEEL  HOPPEB  OAKS  FOB  PITTSBUBQ,    BESSEMEB  &  LAKE  ERIE  R.  B. 


This  car  has  the  Schoen  flsh-beUled  center  and  side  sills, 
which  are  10  Ins.  deep  at  the  ends  and  17  ins.  at  the  center. 
The  body  bolsters  are  pressed,  of  trough  section,  and  the  con- 
struction Is  in  general  similar  to  that  which  has  become  bo 
familiar.  The  trucks  shown  in  this  engraving  are  the  Vogt 
type,  with  pressed  steel  arch  bars. 

OEIGINAL  SOHOEN   GONDOLA  CAR,    1898. 

This  car  was  the  original  of  a  large  number  of  gondolas 
built  for  the  Pittsburg,  Bessemer  &  Lake  Erie  by  the  Schoen 
Company.  In  January,  1903,  this  road  had  in  service  3,690 
hopper  and  2,100  gondola  cars,  all  of  steel  construction,  and 
1,000  steel  gondolas  are  now  being  built  for  the  Carnegie  In- 
terests for  use  on  the  Union  Railway  (of  Pittsburg.) 


ORIGINAL    SCHOEN    STEEL    GONDOLA    CAB,    1898. 

Capacity 80.000  lbs. 

Weight    29.900    lbs. 

Length   over   end    sills 35  ft.  6  ins. 

Length  between    truck   centers 24  ft. 

Wheel  base  of  trucks 5  ft.  7  Ins. 

Width    over    stakes 9  ft.  9%  Ins. 

Width   inside    9  ft.  2  Ins. 

Length  inside 34  ft. 

Height  of  top  from  top  of  rail 7  ft.  4%  Ins. 

Height  of  sides,  inside 3  ft.  10  Ins. 

The  vital  point  In  the  net  cost  of  transportation  being 
directly  dependent  on  the  relation  of  live  to  dead  load.  In 
which  cost  is  involved,  economy  in  tractive  resistance;  fuel 
and  steam  consumption;  reduction  in  train  crew  forces; 
reduction  in  transportation  mileage;    fewer  number  of  cars 
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Pennsylvania  Railroad   wood   gondola 28.000  18,500  137  4.345  2.534.500  3.850,000  6.384,500  60.30 

Pennsylvania   Railroad  wood   gondola 40.000  24,800  96  3.235  2.380,800  3.850,000  6.230,800  61.80 

Pennsylvania  Railroad  wood   gondola 40.000  20,700  96  2,400  1,987,200  3,850,000  5,837,200  65.95 

Pennsylvania  Railroad   wood   gondola 40.000  21.000  96  3,600  2.016,000  3,850,000  5,866,000  65.63 

Chicago  &  Northwestern  wood  hopper 40,000  23.800  96  2.210  2,284,800  3,850,000  6,134.800  62.75 

Philadelphia  &  Reading  wood  gondola. 50,000  23,745  77  2.810  1,828,365  3,850,000  5,678,365  67.81 

Southern  wood   gondola 60,000  26,100  64  2,340  1,670,400  3,850,000  5,520,400  69.74 

Baltimore  &  Ohio  wood  hopper 60,000  29,700  64  1,860  1,900.800  3.850,000  5.750,800  66.95 

Lake  Shore  &  Michigan  Southern  wood  drop-bottom 60.000  27,150  64  2,240  1,737,600  3,850,000  5,587.600  68.91 

Norfolk  a  Western  wood  drop-bottom 60,000  27,400  64  2,340  1,753,600  3,850,000  5,603,600  68.71 

New  York,  Ontario  &  Western  wood   hopper 60,000  25.150  64  1.865  1,609,600  3,850,000  5,459,600  70.52 

Individual    wood    hopper 60,000  23.400  64  1.730  1.497,600  3,85(^000  5,347,600  71.99 

Baltimore  &  Ohio  lines  wood  hopper 60,000  30,800  64  2,340  1,971,200  3,850,000  5,821,200  66.13 

Erie    wood    hopper 70,000  33,300  55  2,090  1,831,500  3,850,000  5.681.500  67.77 

Hocking  Valley  wood  hopper 80,000  33.600  48  1,800  1,612.800  3.850,000  5.462,800  70.4.7 

Lake  Shore  &  Michigan  Southern  wood  hopper 80,000  36.500  48  1,590  1.752,000  3.850.000  5,602,000  68.73 

Pennsylvania  Gg.  wood  hopper 80.000  35.200  48  1,500  1,689,600  3,850,000  5,539,600  69.50 

Bessemer  &  Lake  Erie  steel  hopper 110,000  36.300  35  1.070  1.270,500  3,850,000  5,120,500  75.19 

Algoma  Central   steel  hopper 110.000  29.200  35  840  1,022,000  3.850,000  4,872,000  79.03 

Duluth  &  Iron  Range  steel   hopper 29,000  32  755            928.000  3,850,000  4,778,000  80.58 

Note. — ^The  cars  represented  In  the  table  were  taken  at  random  and  represent  a    fair  average  of    those    in  service    under   their    respective 
classes.     Those  of  the  Algoma  Central  and  Duluth  &  Iron  Range  represent  the  most  compact  modern  types  of  steel  hopper  cars,  but  on  account 

of  the  extremely  short  wheel  base,  concentrating  the  load  on  a  short  span,  the  limit  of  their  operations  must  be  confined  to  the  roads  tor  which 
they  were  constructed. 
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to  handle  and  repair;  and  reduction  in  equipment  of  cars, 
wheels,  axles  and  other  actiessorics  connected  therewith,  and 
so  on  down  to  a  saviuK  in  track  equipment,  all  of  which 
advantages  were  apijarcnt  during  the  early  stages  of  the 
development  of  the  steel  car,  is  shown  by  an  increase  of 
about  20  per  cent,  in  the  ratio  of  paying  freight  to  total  load 
hauled.     The  tabulation  presented  aliove  details  this  increase. 

Assuming  a  standard  ore  train  on  the  Bessemer  &  Lake  Erie 
Railroad  made  up  of  35  .steel  hopper  cars  as  a  basis,  the  total 
load  hauled  being  l,92.'j  net  tons,  or  an  average  of  55  net 
tons  (110,000  lbs.)  per  car,  the  advantages  of  the  steel  car 
over  the  wooden  type  are  quite  clearly  defined. 

Note. — The  cars  representea  in  tue  above  table  were  taken 
at  random  and  represent  a  fair  average  of  those  in  service 
under  their  respective  classes.  Those  of  the  Algoma  Central 
and  Duluth  &  Iron  Range  represent  the  most  compact  modern 


DRIVING    PLANERS. 


The  Vabiable  Powkk  RwiuiKKK,  ah  RKvt:Ajj£u  by  tue  Individual 
MOTOB  Dbivb. 


nV  J.  C.   STEEN. 


If  the  Individual  driving  of  planers  by  electric  motors  had  no 
other  advantage  than  that  of  enabling  its  performance  to  be 
investigated  from  the  standpoint  of  power  consumed  through- 
out the  complete  cycle  of  its  movements,  that  alone  would  be 
of  great  value.  In  a  certain  large  and  well-equipped  machine 
shop  there  is  an  individual  motor-driven  planer  which  pre- 
sents in  an  interesting  manner  the  characteristic  features  of 
the  driving  of  an  ordinary  planer. 

The  motor  which  drives  the  planer  is  belted  to  the  counter- 


SCHOEN  GONDOLA  CAB  FOR  THE  PITTSBrRQH,  BESSEMER  &  LAKE  ERIE  RAILBOAD. 


types  of  steel  hopper  cars,  but  on  account  of  the  extremely 
short  wheel  base,  concentrating  the  load  on  a  short  span,  the 
limit  of  their  operations  must  be  confined  to  the  roads  for 
which  they  were  constructed. 

We  are  Indebted  to  Mr.  B.  H.  Utley,  general  manager  of  the 
Bessemer  &  Lake  Erie  Railroad,  for  these  valuable  drawings, 
and  to  Mr.  Charles  L.  Tayior  for  assistance  in  securing  in- 
formation. 

The  study  of  this  subject  in  collecting  this  information  has 
led  to  similar  treatment  of  the  problem  on  another  railroad, 
which  will  be  presented  in  another  issue. 


Inasmuch  as  the  amount  of  current  required  for  exciting  the 
field  magnets  of  an  electric  motor  is  only  a  small  fraction  of 
the  total  current  taken  by  the  motor,  the  efficiency  of  the 
method  of  varying  speed  by  field  control  is  very  high  and  is 
practically  the  same  at  minimum  and  maximum  speeds;  the 
relatively  small  amount  of  current  handled  permits  of  the  use 
of  a  very  small  controller  and  renders  it  very  easy  to  arrange 
for  a  large  number  of  different  running  speeds. 


A  test  of  a  300  h.  p.  horizontal  engine  in  England  with  super- 
heated steam,  produced  under  the  improved  Schmidt  system 
of  superheating,  has  shown  a  figure  of  9  lbs.  of  steam  per  horse 
power  hour.  The  temperature  at  the  superheater  was  800 
deg.  F. 


shaft  in  the  usual  manner  and  operates  at  a  constant  speed. 
The  planer,  which  was  a  60-in.  x  18-ft.  machine,  was  made  by  a 
prominent  machine  tool  builder,  has  four  cutting  heads  and  is 
spur-gear  driven.  An  ammeter  was  permanently  connected  in 
the  motor  supply  circuit  and  showed  at  all  times  the  quantity 
of  energy  being  used.  At  the  time  of  the  observations  noted 
below,  the  machine  was  at  work  planing  a  block  of  forged 
steel  about  20-ins.  long,  one  tool  cutting  only.  The  capacity 
of  the  ammeter  limited  its  indications  to  100  amperes;  beyond 
that  point  there  was  a  stop  pin. 

The  diagram  presented  in  the  engraving  shows  graphically, 
as  nearly  as  was  possible  to  reproduce  it,  the  varying  quantity 
of  power  input  required  during  a  cycle  of  cutting  and  reversal 
movement  of  the  work.  At  the  moment  of  the  reverse  from  the 
cutting  to  the  return  stroke,  the  pointer  on  ammeter  went 
hard  against  the  stop  pin,  rebounding  slightly  each  time,  thus 
preventing  correct  reading  at  this  period.  The  extreme  amount 
at  that  period  is  here  assumed  as  120  amperes,  which  is  un- 
doubtedly somewhat  low. 

Reference  to  the  diagram  will  show  that  during  the  cu: 
(between  points  A  and  B)  from  10  to  20  amperes  were  used, 
the  average  being  about  15.  At  the  time  of  reverse  from  cut  to 
leturn,  120  (assumed)  amperes  were  used;  during  the  return 
motion  this  dropped  to  40  amperes.  At  the  time  of  the  reverse 
from  return  to  cut,  80  amperes  were  required,  which  quickly 
dropped  to  10  amperes  at  the  beginning  of  the  cut. 
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From  this  data  we  have  the  following: 

'    Power  required  to  reverse  from  cut  to  return  =  40.2  H.P. 
Average  pewer  required  during  return  stroke  ^   22  H.   P. 
Power  required  at  reverse  from  return  to  cut  ~  26.8  H.  P. 
Average  power  required  during  cutting  stroke  =  5  H.P. 

From  this  it  may  be  seen  that  at  the  instant  of  reversal  of 
the  platen  from  the  cutting  to  the  return  stroke,  a  surge  of 
power  equal  to  eight  times  that  required  for  the  cut  was  de- 
manded. 

The  machine  was  working  at  a  rate  of  six  strokes  per  min- 
ute, and  the  amount  "of  metal  removed  per  minute  was  2  ou.  ins. 
Ten  amperes  being  the  lowest  amount  required  during  the 
cutting  stroke  it  is  assumed  that  the  power  required  to  move 
the  platen,  countershaft,  pulleys,  belts,  etc.  ^  3.35  h.  p.  and 
the  power  required  to  remove  the  metal  =  1.65  h.  p.,  or  .825  h.  p 
per  cu.  in. 


TANDEM    COMPOUND    FREIGHT    LOCOMOTIVE. 


< Lengtb-of  Cut^SO-inebes. 

I      1 

K lengtb  of  Table  Traiiel-=24  inches  — 


A^E\ 


DIAdRAAt    SHOWING    CURHENT   REQUIRED   DURING    A    COMPLETE   CYCLE 
OF   THE    planer's    MOVEMENTS. 

While  this  figure  agrees  very  closely  with  one  which  is  usea 
by-a  certain  electrical  engineer  for  estimating  purposes,  it  is 
of  value  only  for  similar  conditions,  as  to  metal,  shape  of  tool, 
depth  of  cut,  and  amount  of  feed.  The  power  necessary  to 
move  the  platen  alone  could,  of  course,  have  been  more  closely 
obtained  had  time  allowed. 

The  conditions  noted  are  about  the  worst  under  which  the 
machine  could  be  operated,  from  an  economical  standpoint. 
These  conditions  are  that  of  the  heavy  platen  worked  at  short 
stroke,  which  means  poor  lubrication  and  frequent  reversals, 
and  only  one  tool  at  a  comparatively  light  cut.  The  average 
power  required  for  operating  this  machine  under  the  conditions 
noted  :=  11.6  h.  p.  If  the  power  cost  per  horse-powerhour  be 
taken  as  unity,  and  120  cu.  ins.  of  metal  were  removed  per 
hour,  then  10.3  cu.  ins.  were  removed  tor  each  unit  of  horse 
power  cost. 

Could  this  same  cut  have  been  taken  at  the  full  length  of 
platen  travel,  the  average  horse  power  would  probably  not  have 
been  over  8.1  h.  p.  This  would  correspond  to  the  removal  of 
nearly  15  cu.  ins.  per  unit  of  power  cost.  Again,  could  the  four 
tools  have  been  at  work  under  the  same  conditions  of  material, 
cut,  etc.,  the  average  power  used  would  have  been  about  11.5 
h.  p.,  but  the  metal  removed  would  have  been  four  times  as 
great,  or  480  cu.  ins.  per  hour — at  the  rate  of  41.7  cu.  ins.  per 
unit  of  power  cost.  While  these  figures  are  not  exact,  they  are 
sufficiently  close  for  approximate  comparison. 


A  train  of  25  English  cars  was  required  to  carry  the  125  in. 
Bement-Miles  crankshaft  lathe  recently  shipped  over  tho 
Manchester  Ship  Canal  Company's  tracks,  on  its  way  to  the 
Manchester  works  of  the  Westinghouse  Electrical  &  Manu 
facturing  Company.  This  interesting  fact  was  noted  recently 
in  the  American  Machinist,  in  an  illustrated  description.  The 
lathe  has  a  bed  64  ft.  long  and  will  swing  pieces  45  ft.  long. 


2—8—0  Type. 


NEW   TORK   CENTRAL  &  HUDSON   RIVER  RAILROAD. 


As  a  result  of  favorable  experience  with  the  experimental 
locomotive  of  this  type,  illustrated  in  these  pages  last  month, 
the  Schenectady  Works  of  the  American  I^ocomotive  Company 
have  delivered  a  number  of  more  powerful  locomotives  of  the 
same  type,  which  are  the  most  powerful  ever  used  on  this 
road.  This  class  is  known  as  "G-4"  and  the  tractive  effort  is 
47,500  lbs.,  which  gives  them  the  rating  of  47.570  on  a  basis  of 
100,000  lbs.  as  100  per  cent.  The  experimental  design  was 
rated  at  39  per  cent.  The  new  class  has  4,116  sq.  ft.  of  heating 
surface,  a  figure  which  is  exceeded  by  only  four  locomotives 
in  our  record.  This  surface  is  obtained  with  a  77-in.  boiler 
and  tubes  14  ft.  9  ins.  long. 

The  cylinders  are  16  and  30  by  30  ins.  Both  cylinders  have 
piston    valves,    which    are    exactly    alike.      By    using    crossed 


CROS.S     SECTION. — TANDEM-COMPOUND     FREIGHT     LOCOMOTIVE. 
NEW  YORK   CENTRAL  &   HUDSON  RIVER  RAILROAD. 

ports  tor  the  high  pressure  cylinders  the  high  pressure  valve 
gives  inside  admission  and  the  low  pressure  valve  gives  out- 
side admission.  This  construction  and  the  arrangement  of  the 
cylinders  closely  resemble  the  first  Schenectady  tandem  com- 
pound for  the  Northern  Pacific  (American  Engineer,  Septem- 
ber, 1901,  page  271).  For  packing  the  piston  rod  between  the 
cylinders  a  brass  floating  bushing  is  used  as  before,  but  in  this 
case  it  has  water  grooves  and  is  lubricated  from  the  cab.  To 
take  out  the  low  pressure  packing  rings  the  high  pressure 
piston  is  removed  by  a  clamp,  the  back  head  of  the  low  pres- 
sure cylinder  is  loosened,  the  vertical  portion  of  the  guide 
yoke  is  unbolted  from  the  horizontal  portion  and  the  guides 
come  away  with  the  head  and  the  yoke  without  disturbing  the 
alignment  of  the  guides.  It  is  now  customary  on  this  road 
to  provide  all  new  locomotives  with  cylinder  bushings.  This 
is  done  for  the  high  pressure  cylinders  in  this  case,  but  not 
for  the  low  pressure,  because  of  their  large  diameter.  The 
arrangement  of  the  valves  and  cylinders  on  one  side  of  the 
engine  is  as  shown  on  page  276  of  this  journal  tor  September, 
1901. 

The  frames  are  very  heavy,  being  5  ins.  wide  throughout 
their  length.  They  are  of  cast  steel,  having  forked  back  ends 
for  the  front  portions.  At  the  cylinders  these  have  a  section 
of  5  by  10  ins.  In  large  engines  thimble  pedestal  binders  are 
giving  place  to  the  older  form  of  straps.  In  this  case  cast 
steel  is  used  and  the  straps  have  toes  2  ins.  deep. 

This  boiler  is  the  largest  ever  used  on  this  road.     It  has  a 
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lAXhK.M-COMPOUND  FREIGHT  LOCOMOTIVE.— 2-8-0  TYPE. 
NEW    YORK    CENTRAL    &    HUDSON    RIVER    RAILROAD. 

American  Locomotive  Company,  Schenectady  Woeks,  Builders. 


CROSS   section   of   i,o\v -pressure   cylindeb  and   valve. 


i.onnltldtnal  section  of  hkih-pressure  cylinder  and  valve, 
showing   crossed   ports. 


4^<2^-^— j^-^-^l^ 


PISTON  VALVE,  USED  FOR  BOTH  HK.II   AM)  LOW  PRESSURE  CYLINDERS. 


curved  crown  sheet  and  a  steam  space  of  23  ins.  over  the 
crown  sheet,  which  Is  liberal  for  so  large  a  boiler.  The  front 
end  is  short  and  has  no  cinder  pocket.  In  order  to  obtain  a 
good  attachment  for  the  cylinders  the  smokebox  has  two  5% 
by  1  in.  rings,  one  at  the  tube  sheet  and  the  other  at  the 
extension  joint.  Two  16  by  166  in.  main  reservoirs  furnish  a 
large  air  storage  capacity. 

The  following  ratios  and  list  of  dimensions  furnish  means 
for  comparisons  with  other  engines: 

RATIOS. 

Heating  surface  to  volume  of  high-pressure  cylinders =:  591.4 

Tractive  weight  to  heating  surface =    48.6 

Tractive  weight  to  tractive  effort =      4.2 


Tractive  effort  to  heating  surface ^    11.5 

Heating  surface   to   grate   area =    70.9 

Tractive  effort  X  diameter  of  drivers  to  heating  surface =  588.6 

Heating   surface   to   tractive    effort ~       8.6% 

Total   weight   to  heating  surface =    54.7 

TANDEM     COMPOUND     FREIGHT     LOCOMOTIVE. 

2 — 8 — 0   Type. 

New  York  Central  &  Hudson  River  Railroad. 

General   Dimensions. 

Gauge    4  ft.  8  %    ins. 

Fuel    Bituminous    coal 

Weight  in  working   order 225.000   lbs. 

Weight  on  drivers    200,000  lbs. 

Weight  engine  and  tender  in  working  order 360,500  lbs. 

Wheel   base,   driving 15   ft. 

Wheel  base,   rigid    15  ft. 

Wheel  base,  total -. 23  ft.  5  ins. 

Wheel  base,  total,  engine  and  tender 59  ft.  3  ins. 

Cylinders. 

Diameter  of  cylinders 16  and  30  ins. 

Stroke  of  piston    30   ins. 

Horizontal   thickness  of  piston    5'/^    ins. 

Diameter  of  -piston  rod h.  p.,  3  ins, ;    1,  p.,  4  ins. 

Kind  of  piston-rod  packing Gibbs  vibrating  cup 

Valves, 

Kind  of  slide  valves Piston  type 

Greatest  travel  of  slide  valves 6   ins. 

Outside   lap   of  slide  valves %    in. 

Inside  clearance  of  slide  valves H.  p..  0  in. ;    I.  p.,   ^4  In. 

Lead  of  valves  in  full  gear  : 

Line  and  line  F.  &  B.  Vi  in.  lead  at  half  stroke 

Wheels,  Etc. 

Number  of  driving  wheels 8 

Diameter  of  driving  wheels  outside  of  tire 51  ins. 

Material  of  driving  wheels,  centers    .  , ,  ,  , Cast  steel 

Thickness    of   tire S'/o    ins. 

Diameter  and   length  of  driving  journals  : 

Main,  10  Ins.;    others,  91^  x  12  ms. 
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Dhunutcr  ami  length  of  niulri  tnink|iln  JouriialH.  .7  Ins.  diameter  x  7  Ibh. 
DiaiiK'ter  and   ItMiKth  of  side-rod  crankpin  Journals: 

Front,  .■)  X  ■(  Ins.;    back,  5  x  4 '/i   Ins;    Inter.,  n',:^   ins.  diani.  x  5  ins. 

ISnglne  truck,  kind   Two-wheel,  swImr  bolster 

Engine  truck.  Journals   (i  1/4    ins.  diameter  x  10   Ins. 

Diameter  of  engine  truck  wheels ■'("   Ins. 

Kind  of  engine  truck   wheels Krupp   steel  tire 

Holler. 

Style    Extended   wagon  top 

Outside  diameter  of  first   ring 77    ins. 

Working  pressure 210    lbs. 

Thickness  of  plates  in  barrel  and  outside  of  firebox; 

13-16,  15-18,  9-16,  1,  %.  %  and  %   in. 

Firebox,    length    lo.'j    ins. 

Firebox,    width    TO 'A     ins. 

l^'irebox.  depth   Front,   82  Ins. ;    back,  65  Ins. 

i'^irebox  plates,  thickness: 

Sides,  5-1(1  in.;    back,   %   In,;    crown,   %   in.;    tube  sheet,  9-16  in. 

l'"irebox,  water  space 4  ins,  front,  4  ins,  sides.  4   ins.  back 

Pirebox,    crown    staying ..  Hadial    stays   screw   through    crown    and    shell 

except   11  center  rows  to  liavc  button   heads  under  crown  and  3  front 

transverse    rows    expansion    stays 

Firebox,  staybolts Taylor  iron,   1    in.  diameter,  4-ln.  centers 

Tubes,    number    507 

Tubes,   diameter    » 2    ins. 

Tubes,   length  over  tube  sheets 14   ft.  9  ins. 

Firebrick,    supported    on Tubes 

Heating  surface,   tube.-i    3  889.3  sq.  ft. 

Heating   surface,   water   tubes   ", 26  sq.  ft. 

Heating   surface,    firebox    201.2  sq.  ft. 

Heating    surface,    total    4,116.5  sq.  ft. 

Grate   surface    58  sq.  ft. 

Ashpan,   style    Hopper,    sectional 

Exhaust  pipes Single,    low 

Exhaust  nozzles   5,  5 '/i ,  and  5%  ins.  diameter 

Smokestack,    inside  diameter    20    ins. 

Smokestack,  top  above  rail    14   ft.  10  ins. 

Boiler  supplied  by Monitor   injector  No.   11 

Tender. 

Style    Water    bottom 

Weight  empty    (Est.)    51,500   lbs. 

Wheels,    number     .  . '. 8 

Wheels,   diameter    33   ins. 

.Journals,  diameter  and  length 5V>   ins.  diameter  x  10   ins. 

Wheel  base    20  ft.  3  ins. 

Tender   frame 10-in.    steel    channels 

Tender  trucks ...  .Two-wheel,  center  bearing.  Fox  pressed  steel   bolsters 

Water  capacity    7,000  U,    S.   gals. 

Coal  capacity    12  ton  . 


WHAT  MOTIVE  POWER  OFFICERS  ARE  THINKING 
ABOUT. 


EDITORIAL  COREE.SPONDENCE, 


The  draughting-room  is  becoming  an  index  of  the  character 
of  a  motive  power  organization.  By  a  visit  to  the  draughting- 
room  one  may  form  a  correct  opinion  not  only  as  to  the  liind  of 
men  in  charge  of  the  department,  but  of  the  probability  of 
their  advancement.  The  contrasts  in  draughting-rooms  are 
becoming  more  striking,  and,  in  fact,  impressive. 

A  large  road,  which  in  the  past  has  been  noted  as  progres- 
sive, is  now  found  to  have  a  draughting-room  filled  with  men 
Bome  of  whom  have  been  there  for  many  years,  who  have 
worked  at  the  same  tables,  doing  the  same  kind  of  work,  ac- 
companied by  a  sprinkling  of  youngsters  from  the  shop.  The 
room  is  in  a  dirty  place,  next  to  a  roundhouse,  with  an  ash- 
pit on  one  side  and  coal  chutes  on  the  other.  The  room  is 
crowded,  poorly  lighted,  unventilated,  littered  with  old  draw- 
ings and  generally  slovenly.  The  presence  of  the  old  men 
indicates  that  the  draughiing-room  is  a  pocket  in  which  the 
faithful  draughtsman  is  allowed  to  remain  until  he  becomes 
unambitious.  The  presence  of  the  boys  from  the  shop  is  a 
good  feature,  but  in  this  instance  it  seems  to  give  the  impres- 
sion of  a  desire  to  run  the  room  cheaply,  there  are  so  many 
of  them. 

This  draughting-room  was  not  always  in  this  condition,  and 
that  it  has  been  allowed  to  drift  indicates  a  lack  of  apprecia- 
tion on  the  part  of  the  aepartment  officers  of  one  of  the  most 
useful  and  profitable  tools  given  to  their  hands  to  use.  The 
draughting-room  cannot  possibly  be  what  it  should  be  under 
any  such  conditions.  Instead  of  being  an  important  part  of  the 
brains  of  the  department,  it  seems  to  be  considered  a  neces- 
sary evil,  and  those  who  are  condemned  to  its  imprisonment 
are  to  be  pitied. 

These  comments  are  suggested  by  conversation  between  the 
visitor  and  the  men  in  the  leisure  of  the  noon  hour.  The  sub- 
jects of  the  railway  clubs  and  technical  press  were  mentioned. 
The  draughtsmen  showed  little  interest  in  either,  which  led 
the  visitor  to  remark  that  if  they  would  read  a  good  technical 
paper  and  follow  the  work  of  the  railway  clubs  they  might 
perhaps  obtain  advancement.  It  would  ue  perfectly  safe  to 
make  a  rule  to  discharge  draughtsmen  or  foremen  who  do  not 


familiarize  themselves,  through  a  technical  paper  and  the  rail- 
road cluljs,  witli  general  progress  in  their  line  of  work. 

A  very  pleasing  contrast  was  found  on  another  and  much 
smaller  road,  whore  the  draughting-room  was  large,  bright, 
clean  and  orderly,  and  full  of  earnest.  Interested  and  bright- 
looking  young  men.  It  was,  in  fact,  a  busy  workshop,  telling 
of  the  prlue  of  the  officers  of  the  road  in  an  efficient  working 
department.  It  is  evidently  considered  as  a  channel  through 
which  the  mm  may  pass  into  other  branches,  and  is  not  al- 
lowed to  become  an  ambition-killing  pocket.  It  Is  easy  to  pre- 
dict a  bright  and  growing  future,  not  oniy  for  the  young  men 
in  this  (liaughliiig-rooni,  but  for  the  superior  officers  of  the 
department,  who  are  broad-minded  enough  to  make  the 
draughting-room  contribute  to  their  success. 

It  is  hoped  that  those  to  whom  these  paragraphs  may  apply 
will  read  them.  It  is  also  hopeo  that  discouraged  draughts- 
men will  read  luem.  The  draughting-room  is  one  of  the 
best  schools  of  experience  to  be  had  on  a  railroad,  but  It  is 
not  a  place  in  which  a  good  man  should  stay  until  he  is  old. 
It  is  not  difficult  to  gel  oul  of  the  draughting-room  if  a  man 
shows  by  his  work  as  a  draughtsman  his  ability  to  carry  execu- 
tive responsibilities.  Good  foremen  are  always  in  demand, 
and  this  should  be  noted  by  the  draughtsman  who  has  execu- 
tive ability. 


Electric  distribution  of  power  is  a  feature  of  every  plan  for 
extending  railroad  shop  plants  and  of  every  new  plant.  The 
progress  of  the  last  five  years  in  this  direction  has  been  phe- 
nomenal. In  all  cases  the  plans  for  power  houses  provide  for 
extension  when  the  demand  for  power  shall  increase  beyond  a 
reasonable  overload  for  the  equipment  which  is  installed. 
But  there  is  danger  of  providing  too  little  space  for  this  pur- 
pose. The  convenience  of  electric  driving  is  such  as  to  lead  to 
unexpected  extensions,  and  while  going  to  the  expense  of 
erecting  a  power  house,  a  larger  provision  for  the  future 
should  be  made.  In  the  case  of  the  shop  improvements  on 
the  Chicago  &  Northwestern  Railway,  completed  about  two 
years  ago,  the  power  house  was  made  large  enough  for  an 
increase  of  100  per  cent.,  and  now  the  only  available  space 
remaining  is  that  which  will  soon  be  required  for  another 
air  compressor.  A  new  Allis-Chalmers  cross-compound 
vertical  engine  is  now  nearly  ready  for  service.  It  is  direct- 
coupled  to  a  500-kw.  General  Electric  generator  furnishing 
2,000  amperes  at  250  volts.  The  engine  has  22  and  36  x  42-in. 
cylinders  and  operates  non-condensing.  An  engine  of  this 
character  gives  a  power  house  a  business-like  appearance; 
and  that  a  capacity  of  500  kw.  is  needed  is  an  indication  of 
the  possibilities  of  the  growth  of  electric  power  distribution. 

When  constructing  a  power  house  of  large  capacity,  the 
steam  and  electrical  engineering  problems  become  interesting, 
and  an  opportunity  is  offered  for  the  application  of  good 
business  and  engineering  judgment.  This  constitutes  a  new 
field  on  steam  railways  and  a  new  opportunity  is  offered  for 
young  men  who  are  thoroughly  informed  on  electric  and  steam 
engineering  questions.  Railroad  shops  are  nearly  always 
located  near  large  cities  in  order  to  secure  a  good  labor  mar- 
ket. Railroads  always  have  a  large  amount  of  lighting  at 
such  points,  and  they  are  beginning  to  appreciate  the  oppor- 
tunities for  extending  their  central  power  station  functions 
to  include  station  and  yard,  as  well  as  shop  lignting.  In  sev- 
eral places  plants  of  this  kind  are  being  worked  out. 


In  several  of  tfee  older  shops  visited  bolt  and  even  forging 
machines  were  found  in  small  buildings-  at  some  considerable 
distance  from  the  machine  or  blacksmith  shops,  and  in  one 
case  this  machinery  was  placed  in  a  corner  of  the  erecting 
shop.  This  location  was  selected  because  the  space  was  avail- 
able, and  without  thought  of  the  fact  that  convenience  to  the 
stock  of  supplies  and  easy  supervision  are  important  for  such 
work.  While  such  locations  may  sometimes  be  justified,  this 
sort  of  thing  is  typical  of  the  old  school  of  railroad  shop  man- 
agement, in  which  commercial  questions  were  not  given  suffi- 
cient attention.  Such  mistakes  are  not  made  in  successful 
commercial  establishments,  and  they  are  fortunately  becoming 
less  frequent  in  railroad  shops. 
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MACHINE    TOOL    PROGRESS. 


Feeds  and  Drives. 


V. 


BY   C.   W.    OBEKT. 


either  slot  1  or  2,  clutch  N  is  actuated  and  clutch  M  is  locked 
In  a  central  position;  when  handle  L  is  in  slots  3  or  4,  clutch 
M  is  in  UB«  and  N  is  locked  out  of  clutch. 

Four  speeds  are  also  available  from  the  back  gear  box,  Y. 
This  device  consists  of  a  three-shaft  change-gear  arrangement 
in  which  two  double-throw  clutches  are  operated  by  the 
handles,  Q  and  K,  Figs.  21  and  24.  This  device  is  similar  in 
principle  to  the  four-speed  change  gear  mechanism  described 


The  most  extensive  use  of  the  positive-drive  variable-speed 
mechanism  has  been  made  by  the  Bickford  Drill  and  Tool 
Company,  Cincinnati,  Ohio,  who  have  utilized  it  not  only  for 
the  feeds  but  also  for  the  main  drives  of  their  Bickford  radial 
drills.  The  manifest  advantages  of  the  gear-drive  mechan- 
ism over  the  cone-pulley-and-belt  method  of  driving  offer 
strong  inducements  to  its  ,  use  on  main  drives  and  it  has 
proved  very  successful  in  this  application. 

,  The  main  drive  of  the  Bickford  drill  is  through  two  inde- 
pendent change  gear  mechanisms,  one  at  the  base  of  the 
column,  X,  and  the  other,  Y,  at  the  rear  of  the  arm,  as  shown 
in  Figs.  22  and  'Zi,  and  also  in  Fig.  21.  The  main  speed  box, 
X,  receives  power  on  pulley,  P,  and  delivers  to  a  vertical 
sti^ft  within  the  column.  The  vertical  shaft  drives  back  gear 
box.Y  through  gears  at  the  top  of  the  column  and  a  splined 
shaft  extending  down  along  the  rear  to  permit  vertical  adjust- 
ments of  the  arm:  from  the  back  gear  mech- 
anism the  drill  spindle  is  driven  direct. 

Figs.  22  and  23  present  an  external  and  a 
sectional  view  of  the  main  speed  box,  X. 
Power  is  received  on  pulley  P  of  the  device, 
which  is  keyed  to  the  driving  shaft  S,  Fig. 
23.  Upon  this  shaft  S  is  keyed  the  four 
gears.  A,  B,  C  and  D,  of  varying  sizes,  and 
each  one  of  these  gears  meshes  with  a  cor- 
responding gear  running  loose  on  the  driven 
shaft.  T,  as  shown  at  E,  F,  G  and  K.  The 
four  different  speeds  available  through  these 
combinations  are  obtained  by  throwing  one 
of  the  clutches.  M  or  N,  in  the  proper  direc- 
tion, which  is  accomplished  by  the  handle  L. 
The  proper  direction  in  which  to  throw 
handle,  L,  is  indicated  on  the  upper  side  of 
the  gear  case  (see  Fig.  22),  at  the  open- 
ing through  which  the  handle  projects.  This  opening  is 
shaped  like  a  letter  "H"  laid  sideways,  and  each  of  its  four 
corners  or  slots  are  numbered  in  succession  from  1  to  4,  as 
shown  in  Fig.  22.  The  lever  L  is  capable  of  being  swung  in 
two  directions,  so  that  it  may  be  set  over  into  line  with  either 
pair  of  slots,  1  and  2  or  3  and  4,  and  then  may  be  thrown  into 
either  slot  of  that  pair. 

The  lever  L  is  arranged  to  positively  operate   a   different 
clutch   for  either  pair  of  slots  in  the   "H."     Thus,   when   in 


FUi.     21. — THE 


BICKFORD     R.\DI.\L    DRFLL.        EQUIPPED     WITH     VARIABLE-SPEED   GEARED 
DRIVE    AND    FEED. 
THE  BICKFORD  DRILL  AND  TOOL  COMPANT. 

on  page  143  (Fig.  18)  of  the  preceding  article  of  this  series, 
which  mechanism  was,  we  are  informed,  suggested  by  the 
speed  box  used  by  the  Bickford  Company,  who  were  the  first 
to  make  use  of  this  type  of  mechanism.  Friction  clutches  are 
used  in  this  device  to  permit  clutching  and  disengagement 
without  noise  or  shock  while  the  machine  is  running.  It  is 
arranged  so  that  each  speed  transmits  to  the  spindle  more  than 
double  the  pulling  power  of  the  next  faster  speed. 
These  two  devices  thus  afford  a  possible  variation  of  sixteen 


FUi.    22. — VIEW  OF  THE  M.\IK   DRIVE   SPEED   UUX,    SIIUWl.Mj    THE 
SLOT    ARRANGEMENT    FOB    CONTROLLING    THE    FOUR 
CLUTCHES    WITH    ONE    LEVEB. 


24. — VIEW    OF     THE    BACK     GEAR     BOX     ON     THE     ARM.        THIS 
MECHANISM    IS    DRIVEN    THROUGH    A    SPLINED    SHAFT   AT 
THE    REAB    OF    THE    COLUMN. 
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device,  operated  by  the  piill-plil  t,  "sh'Owti  in  Fig.  25,  by  means 
of  which  eight  different  speeds  are  made  available.  A  feeJ- 
plate  is  placed  upon  the  case  of  this  fped  box  which  indicates 
directly  the  spindle  feed  that  'Will  be  obtained  with  each  com- 
bination, the  range  being  from  .007  to  .064  In.  per  revolution 
of  the  spindle. 

These  applications  of  the  gear  methofl  of  speed  changing 
make  the  liickford  drill  the  most  completely  equipped  for 
positive  driving  of  any  machine  tool  yet  designed.  The 
various  devices  here  shown   are  praiseworthy  for  their  sim- 


FIU.    23. — LONGITUDINAL    KECTION    OF   THE    M.\l.\    DRIVE    KPEED    BOX. 

different  speeds,  capable  of  easy  and  instantaneous  changes, 
and  attended  with  no  interruption  of  power,  as  is  necessary 
with  belt  changes.  In  this  way,  aside  from  the  many  other 
advantages,  the  gear-drive  mechanism  is  far  superior  to  the 
older  cone  pulley  and  belt  method  of  driving. 

The  feed  gear  box  for  the  drill  spindle  feeds  is  mounted  on 
the  head  at  the  left  of  the  spindle,  as  shown  at  O,  Fig. 
25,  the  interior  arrangement  of  which  box  is  shown  in 
Fig.  26.  This  device  consists  of  a  series  of  loose  gears — 5,  6. 
7  and  8,  Pig.  26 — which  run  loosely  on  shaft  W,  constantly  in 
mesh  with  a  nest  of  corresponding  driving  gears  not  shown. 
The  method  of  changing  speeds  used  here  is  shown  at  V;  the 
driven  shaft,  W,  has  a  "pull  pin,"  U,  inserted  in  a  hole  in  its 
upper  end,  and  a  sliding  key,  V,  is  hinged  to  the  end  of  pin  U. 


FKi.    26. — \'ERTICAL    SECTION    THROUGH   THE    FEED   GEAR    BOX     SHOW- 
ING   "PULL    pin"    MECHANISM. 

This  key  projects  through  a  slot  in  the  side  of  shaft  W,  so  as 
to  enter  the  keyways,  of  which  there  are  three  in  the  hub  of 
each  gear. 

Between  each  of  the  gears  there  is  a  steel  ring.  Z.  which 
serves  to  lift  key  V  out  and  free  it  from  any  keyway  when 
shifting  to  another  speed,  and  then  to  direct  it  accurately  into 
a  keyway  in  the  next  gear  as  it  comes  around.  The  position 
of  the  lever,  J,  a  quarter  turn  of  which  lever  changes  the  teed 
to  the  next  either  higher  or  lower  gear,  indicates  which  of  the 
gears  is  operating.  This  portion  of  the  mechanism  furnishes 
four  different  speeds,  but  this  is  supplemented  by  a  two-speed 


FIG.   25. — VIEW  OF  THE  HEAD   SHOWING   ARRANGEMENT  OF  THE  FEED 
GEAR  BOX  AT  THE  LEFT  OF  THE   SPtXDLE. 

plicity  and  ingenious  design,  and  are  unrivaled  for  ease  of 
manipulation.  Steel  gears  have  been  found  unnecessary  with 
the  ample  design  of  parts  that  is  used.  The  capacity  of  this 
drill  with  the  positive  drive  and  feeds  is  remarkable — a  lV2-in. 
drill  has  been  driven  on  this  machine  at  a  feed  of  .035  in. 
per    revolution    of    the    spindle    through    .45    carbon    steel. 


Mr.  E.  H.  Harriman  is  truly  one  of  the  busiest  men  in 
Wall  street,  says  a  writer  in  the  March  Cosmopoliia7i.  and  it  ir. 
only  by  the  most  careful  system  that  he  can  attend  to  all  of 
the  duties  that  require  his  attention.  On  Thursdays  he  ha.-. 
about  twenty  committee  meetings  to  attend.  He  has  so  sub- 
c'ivided  the  time  that  they  succeed  one  another,  at  intervr-ls 
of  fifteen  to  thirty  minutes,  with  the  regularity  of  clockwork. 
In  fact,  they  are  cut  short  by  the  clock.  In  some  cases,  the 
performances  go  off  with  as  much  precision  as  a  Punch-and- 
Judy  show — the  strings  being  pulled,  as  it  were,  by  the  power 
that  dominates  them.  Extensive  oflBces  have  been  fitted  up 
by  Mr,  Harriman  on  the  fourth  floor  of  one  of  the  largest 
dcwn  town  buildings,  and  the  concours?  of  men  passing  in  and 
out  on  Thursdays  is  an  interesting  sight 
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WANTED-RESULTS. 


Time  was,  and  not  so  long  ago,  when  all  locomotives  looked 
"alike,"  a  car  was  a  car,  a  machine  tool  was  a  machine  tool, 
and  all  tool  steels  ran  cool.  The  progress  of  years  has  brought 
comparatively  few  new  fundamental  principles  of  construction, 
but  it  has  brought  an  infinite  number  of  improvements  in 
details  in  all  these  lines  of  mechanical  development.  To-day 
only  the  best  will  answer  and  the  requirements  are  specialized 
so  that  every  new  addition  to  equipment  is  wanted  for  a  definite 
and  specific  purpose.  This  is  particularly  true  of  motor  driv- 
ing and  machine  tools.  Nowadays  he  who  is  not  strictly  up-to- 
date  in  selecting  machinery  is  not  likely  to  hold  his  position 
long,  simply  because  he  can  not  get  what  is  wanted — restUts. 

The  engineers  of  the  Interborough  Rapid  Transit  Company 
of  New  York  conducted  tests  of  seven  weeks'  duration  and 
spent  several  thousands  in  preparation  for  ordering  the  motor 
and  control  equipments  tor  that  road.  They  needed  to  know 
what  they  were  doing  and  it  was  worth  while.  Nowadays  the 
mechanical  equipment  of  a  new  railroad  shop  costs  from  a 
quarter  to  half  a  million  dollars  or  more,  and  such  orders  must 
necessarily  be  carefully  placed. 

Mechanical  railroad  men  are  studying  motor  driving  and 
machine  tools  as  never  before.  The  best  talent  available  is 
employed  by  the  machine  tool  builders  to  meet  and  even 
anticipate  the  demands  and  it  is  the  privilege  of  the  technical 
journal  to  bring  these  factors  into  touch.  This  journal  in- 
tends to  meet  the  need  and  to  exert  its  influence  in  the  inter- 
ests of  advancement  and  improvement.  The  campaign  now 
being  conducted  in  these  pages  meets  gratifying  encourage- 
ment, particularly  from  the  leaders  in  this  improvement,  and 
we  shall  endeavor  to  provide  a  meeting  ground  for  those  who 
know  and  those  who  want  to  know  how  to  apply  the  best  com- 
mercial practice  to  the  railroad  field. 

Here  is  a  three-sided  problem.  The  railroad  oflicer  desires 
to  improve  his  practice,  the  machine  tool  builde-  must  supply 
special  machinery  for  railroad  requirements,  the  electrical 
people  must  know  how  railroad  shops  are  operated.  These 
three  do  not  yet  understand  each  other  and  only  a  railroad 
paper  and  a  policy  such  as  this  journal  has  inaugurated  can 
supply  the  educational  advantages  which  the  present  situation 
requires.  . 


UNIFORMITY    IN  RAILROAD    SIGNALING. 


With  the  increase  in  the  intensity  of  traflic  more  and  more 
dependence  is  placed  upon  signaling  for  the  safe  operation  of 
trains.  This  fact  is  made  clear  by  the  outcries  against  "mere 
visual  signals"  whenever  a  collision  occurs  in  a  congested  dis- 
trict which  is  supposed  to  be  fully  protected  by  signals.  Auto- 
matic stops,  to  take  the  control  of  trains  out  of  the  hands  of 
the  engineers,  are  strongly  advocated  after  such  disasters, 
and  the  number  of  such  devices  is  growing  rapidly.  The 
question  is,  whether  the  control  of  the  train  should  be  taken 
out  of  the  hands  of  the  engineer.  This  must  be  done  if  safety 
demands  it,  and  we  may  yet  come  to  the  point  of  requiring 
apparatus  of  this  kind.  The  public  may  some  time  demand 
automatic  stops  as  they  now  demand  automatic  brakes,  and 
if  so  the  flexibility  of  train  operation  will  be  seriously  im- 
paired. The  automatic  stop  does  not  appear  to  have  been 
developed  to  a  stage  which  entitles  it  to  the  confidence  of  signal 
engineers,  and  the  difficulties  are  great  enough  to  justify  skep- 
ticism as  to  whether  it  ever  will  command  confidence  for  use 
on  steam  roads.  Let  those  interested  in  this  device  continue. 
They  cannot  fail  to  benefit  the  cause  of  signaling,  and  they 
may  succeed.  But  there  is  much  which  may  be  done  with 
present  methods  which  will  tend  to  render  these  stopping  de- 
vices unnecessary. 

Signaling  needs  to  be  made  more  uniform.  Not  only  should 
the  locations  of  signals  and  signaling  practice  in  general  be 
uniform,  but  the  treatment  of  the  application  of  signaling 
should  indicate  the  true  opinion  of  signals  which  is  held  by 
the  ofllcials  of  railroads.     Locomotive  engineers  are  largely 
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governed  in  Uieir  use  of  signals  by  the  opinion  ot  tiic'K<3  oin- 
cei's  as  expressed  by  tlie  methods  used.  For  example,  an  engi- 
neer must  necessarily  have  a  small  opinion  of  automatic  block 
signals  when  he  is  governed  by  them  tor  only  a  few  miles  out 
of  an  important  terminal.  Uniformity  which  takes  the  form 
of  signaliuK  the  entire  road  is  what  is  needed.  Uniformity 
which  is  niaiiUained  without  undue  respect  to  a  few  dollars 
in  first  cost  for  locating  .signals  where  they  can  be  seen  with- 
out the  necessity  of  carefully  hunting  for  Ihcni  is  also  greatly 
to  be  desired. 

The  development  of  signaling  should  be  in  the  hands  of  men 
of  wide  experience  who  have  sufficient  authority  to  command 
respect  of  their  opinions  and  who  can  make  the  most  of  what 
is  now  available.  It  is  unfortunate  that  a  department  of  oper- 
ation of  su<'h  importance  has  not  made  more  progress  in  the 
strong  current  of  advancement  of  the  past  ten  years.  The 
chief  want  is  more  signals,  more  uniformity  in  practice,  and 
better  discipline  may  then  follow.  The  Railway  Signal  Asso- 
ciation might  perform  an  important  service  by  establishing 
principles  of  good  signaling  as  a  guide  for  practice.  This, 
thus  far,   has  not  been  done. 


COMMUNICATIONS. 


FLY-WHEELS  ON  PLANER   DRIVES. 

It  was  with  considerable  surprise  that  we  learned  the  atti- 
tude assumed  by  one  of  the  most  prominent  machine  tool 
builders  in  regard  to  the  desirability  of  using  flywheels  upon 
the  driving  shafts  of  motor-driven  planers.  The  fact  that  the 
fly-wheel  as  an  auxiliary  to  the  planer  drive,  as  was  fully  dis- 
cussed in  the  article  on  the  motor-driven  machine  tools  at  the 
Collinwood  shops  of  the  L.  S.  &  M.  S.  Railway,  in  our  March, 
1903,  issue  (page  102),  was  regarded  by  them  as  of  questionable 
value,  indicates  a  lack  of  investigation  upon  their  part  of  the 
events  attending  the  cycle  of  the  planer's  movements;  in  fact, 
it  seems  that  little  was  known  regarding  the  actual  conditions 
met  in  driving  planers  until  motor-driving  methods  came  into 
use. 

An  interesting  statement  of  the  peculiar  conditions  met  in 
driving  planers  is  presented  in  an  article,  on  page  174  of  this 
issue,  by  Mr.  J.  C.  Steen.  The  conditions  actually  met  in  all 
portions  of  the  cycle  of  a  large  planer's  movements  have  been 
traced  by  means  of  the  current  required  by  the  motor  driving 
it.  The  results,  at  least,  indicate  the  fact  that,  in  the  absence 
of  a  flywheel  upon  the  driving  shaft,  heavy  surges  of  power 
are  demanded  at  reversals  of  the  platen,  which  in  the  case  of 
motor  driving,   more  particularly,   should   be  avoided. 


The  tendencies  of  modern  practice  seem  to  indicate  that  the 
requirements  of  railroad  repair  shops  can  be  most  satisfac- 
torily met  by  a  judicious  combination  of  the  individual  motor- 
drive  and  the  group  driving  methods  of  operating  the  machine 
tools.  The  two  principal  problems  to  be  met  are  a  simple 
means  of  reducing  the  normal  speed  of  the  motor  to  drive  the 
machine,  and  a  successful  method  of  readily  changing  the 
cutting  speeds  of  the  machines  to  suit  the  varying  character  of 
the  work.  Arrangements  for  reducing  the  speed  from  motor 
to  machine  by  means  of  long  belts  with  countershafts  on  plat- 
forms supported  from  the  floor  only,  have  proven  unsatisfac- 
tory in  every  way;  the  noiseless  chain  belt  is  now  being  very 
extensively  and  successfully  used  for  this  purpose. 


That  the  overlap  is  not  necessary  when  distant  signals  are 
employed  in  automatic  bloclt  signaling,  was  the  opinion  of 
twenty-two  out  of  twenty-seven  members  of  the  Railway  Sig- 
naling Club  in  an  informal  vote  on  this  question  taken  at  the 
recent  annual  meeting.  This  is  an  expression  of  superlative 
confidence  in  the  discipline  of  our  locomotive  engineers.  The 
writer  believes  that  the  overlap  has  not  passed  its  usefulness. 
As  long  as  appropriations  for  signals  are  so  limited  as  to  af- 
fect their  proper  application,  as  long  as  locomotive  engineers 
must  periodically  explore  the  landscape  for  these  signals  be- 
cause of  lack  of  uniformity  of  location,  and  as  long  as  these 
men  are  expected  to  haul  600-ton  passenger  trains  at  60  miles 
per  hour  with  loO-ton  locomotives,  and  are  called  before  their 
superiors  for  not  making  time,  the  overlap  will  be  needed. 


THE    SPEQAL    APPRENTICE. 


To  II]"  Kditor.s : 

Vuiu-  views  of  the  .special  apijrcntice  question  arc,  to  Kay  the 
liiist,  interesting,  and,  wlmt  is  more  important,  they  are  very  nearly 
right.  The  writer  ha.s  probably  less  cinim:  for  coiiiidaint  than  the 
great  majority  of  this  claws,  as  he  has  had  sjilenilid  opportunitieM 
for  getting  cxiwrience  in  both  car  and  locomotive  work.  A  man 
arrives  at  a  stage  sooner  or  later,  however,  when  he  thinks  that  a 
little  salary  should  be  a<lded  to  the  large  amount  of  experience 
wliicli  liiis  const  iluted  the  principal  part  of  his  wages. 

When  the  c.\pi>ripnce  has  made  the;  man  of  some  possible  value  to 
the  railroad  compiiny,  other  peoi)ie  are  generally  able  to  sec  that 
he  is  capable  of  earning  a  little  more  tuoncy,  and  the  chances  are 
lliiit  the  .vouiig  man  will  be  sorely  tempted  to  go  with  some  car  or 
locomotive  concern  or  into  .some  other  business  for  which  he  is 
pailially  fitted.  Generally  the  railroad  company  does  not  come  to 
the  rescue  with  an  offer  of  a  definite  position  attached  to  living 
wanes.  lie  is  told  :  "Hemember  the  exi)erience  you  are  getting, 
my  boy.  You  stand  well  with  the  company,  and  if  you  will  'plug 
along'  for  a  while,  you  will  be  duly  rewarded."  No  doubt  the 
railroad  comjiaiiy  means  well,  and  knows  that  we  will  be  rewarded 
in  the  next   world,  or,  at   least,  recognize   their  gfxwl   intentions. 

.Special  ai>prenllcps  should  not  be  promoted  over  the  heads  of  old 
employees  simply  because  they  are  "xuppuiicd  to  he  specially  well 
prepared  for  advancement"  or  hecau.se  the  "father  is  a  great  friend 
of  the  vice-president."  The  fact  of  the  matter  is.  however,  that  a 
man  of  technical  education  and  two  or  three  years'  experience  i.s 
at  least  worth  nn  ordinary  mechauic's  wages  if  he  is  at  all  worth 
retaining  in  the  service.  "Q." 


THE    DAVIS    COUNTERBALANCE. 


To  the  Editors  : 

If  ease  of  riding  had  been  the  only  object  sought  in  counter- 
balancing, the  Master  Mechanics'  Association  rules  would  be  very 
different  from  what  they  are.  In  general,  an  engine  can  b<!  nujde 
very  faulty  with  any  system  of  counterbalancing  with  revolving 
weights,  if  the  features  that  are  conducive  to  easy  riding  are 
bestowed  too  liberally  upon  the  wjieels.  Riding  qualities,  more- 
over, depend  upon  so  many  other  factors  besides  counterbalaucing: 
the  estimation  of  these  qualities  depends  to  such  an  extent  upon 
the  personal  element,  and  a  rational  comparison  of  the  two 
methods  of  counterbalancing  is  au^arently  so  simple,  that  one 
cauuot  be  fully  satisfied  unless  he  is  shown  why  the  Davis  wheel 
is  better  than  the  wheels  now  in  general  use. 

What  is  now  greatly  desired  by  all  interested  in  counter- 
balaucing is  a  demonstration  founded  on  Newton's  three  laws  of 
motion,  in  which  the  series  of  cause  and  effects  is  shown  by  logical 
steps  so  comjilete  as  to  leave  no  room  for  questions  between  them, 
leading  to  the  final  effect  on  the  engine.  Does  uot  the  importance 
of  the  subject  warrant  Mr.  C.  E.  Miller  in  taking  time  to  indulge 
in  a  technical  discussion  of  this? 

Will  Mr.  Ira  C.  liubbell  explain  ,ihii  the  system  of  forces 
which  he  describes  yields  the  "distribution  of  weights  necessary 
for  a   correctly   counterbalanced   wheel"? 

How  can  revolving  weights  perfectlv  balance  the  forces  of  vary- 
ing magnitude  and  direction  which  act  en  the  crank  pin  in  conse- 
quence of  the  motion  of  the  reciprocating  parts? 

G.  F.  Stabbuck. 


To  the  Editors: 

I  have  been  much  interested  in  the  discussions  of  the  Davis 
counterbalance  in  recent  issues  of  The  American  Exuixiiek,  and 
wish  to  refer  to  the  article  on  page  142  of  your  April  number  over 
the  signature  of  Mr.  Ira  C.  Hubbell. 

Ml'.  Hubbell  evidently  overlooks  the  fact  that  the  revolving 
weights  on  a  locomotive  driving  wheel  can  be.  as  everyone  admits, 
and  actually  are.  perfectly  balance<l.  and  that  it  is  the  overbalance, 
or  that  which  is  added  to  goimterbalance  the  reciprocating  parts, 
that  causes  the  blow  on  the  rail.  He  has  no  more  right  to  expect 
a  resultant  between  one  of  his  counterbalances  of  the  DavLs  system 
and  the  crank  than  he  would  have  to  expect  to  isolate  a  part  of  the 
tire  or  one  of  the  spokes  and  get  a  resultant  between  that  and  the 
counterbalance,  because  all  of  these — tire.  rim.  spokes,  etc. — are 
revolving  parts,  and  none  are  more  perfectly  balanced  than  are 
those  weights  which  are  commonly  known  as  the  "revolving  parts" 
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of  the  driver.     And  none  of  these  revolving  parts  are  instrumental 
in  causing  the  hammer  blow  of  which  Mr.  Fetters  speaks. 

To  determine  this  hammer  blow  we  must  take  the  excess  balance 
alone,  considering  all  the  rest  as  part  of  a  perfectly  balanced  wheel. 
Then  it  is  readily  seen  that  there  can  be  only  one  resultant,  and 
that  it  acts,  a.s  Mr.  Fetters  pointed  out,  between  the  two  weights, 
directly  opposite  the  crank,  so  that  the  same  effect  is  obtained  with 
twice  the  weight  as  with  the  single  counterbalance. 

RoBEKT  M.  Campbell. 


NEW  LOCOMOTIVE  SHOPS. 


To  the  Editors : 

Will  some  one  who  is  acquainted  with  the  theory  and  merits  of 
the  Davis  counterbalance  answer  the  following  questions  with 
reference  to  the  diagram  given?  Let  us  suppose  that  the  diagram 
reproduced  below  represents  a  driving  wheel : 

Fir.st — Is  there  any  objection  to  the  revolving  parts  being  bal- 
anced with  a  weight  opposite  the  pin  as  shown  at  R ;  as  the  re- 
volving parts  do  not  cause  the  hammer  blow  if  balanced? 

Secoud — Will   not   one-half   as  much   weight   at   R   balance   the 


DIAGRAM    OF    LOCOMOTIVE    DRIVING    WHEEL. 

revolving  parts  as  it  would  take  if  weights  are  located  at  A  and  B, 
the   120"   position? 

Third — Is  the  balancing  of  the  revolving  parts  with  a  weight  at 
R  unmeehanical,  mathematically  incorrect  or  does  it  involve  a 
waste  of  material? 

Fourth — If  the  counterbalance  weights  are  shifted  out  to  the 
180°  position  at  X  and  T,  and  as  suggested  by  Mr.  Hubbell,  give 
no  hammer  blow,  is  the  wheel  balanced?  Is  any  portion  of  the 
reciprocating  parts  balanced?  Will  any  addition  or  subtraction 
of  an  equal  quantity  of  weight  from  X  and  T  offset  the  balance? 

Fifth — If  the  120'  or  Davis  location  is  correct  and  the  weights 
are  placed  at  A  and  B,  have  they  not  a  resultant  center  of  gravity 
which  will  fall  half  way  between  the  center  of  the  axle  and  the 
center  of  gravity  of  the  weight  R,  as  Mr.  Fetters  has  outlined? 

Sixth — Is  not  the  real  problem,  in  either  the  Davis  method  or 
Master  Mechanics'  method,  to  balance  the  reciprocating  parts 
which  exert  a  force  which  varies  from  nothing  as  the  piston  comes 
to  rest  at  either  end  of  the  stroke  to  the  maximum  as  the  pin 
passes  the  top  or  bottom  quarter,  with  fixed  weights? 

Seventh — Will  fixed  weights  in  rotation  vary  themselves  to  meet 
the  conditions  of  the  above  problem  by  either  system? 

Eighth — Is  it  not  a  fallacy  to  assume  that  because  a  weight 
which  is  needed  at  R,  under  the  one  method,  causes  a  hammer  blow 
and  that  because  two  weights  placed  at  X  and  T  cause  no  hammer 
blow  under  the  other  method,  as  suggested  by  Mr.  Hubbell,  that 
weights  placed  midway  between  these  points  would  both  balance 
the  reciprocating  parts  and  do  away  with  the  hammer  blow  (re- 
membering the  increase  in  size  needed  in  the  Davis  location  in  order 
to  get  a  resultant  equal  to  a  weight  at  R,  if  the  same  proportion  of 
reciprocating  parts  are  to  be  used)  ? 

Ninth — Is  the  "phenomenon"  that  a  wheel  can  be  balanced  with 
weights  120°  apart  any  greater  discgvery  than  that  a  fly-wheel 
can  be  built  correctly  with  the  spokes  120°  apart — which  is  not  a 
new  discovei"y? 

Tenth — Are  there  not  some  Davis  balances  so  arranged  that  a 
portion  of  the  weight  comes  in  the  180°  field  on  the  pin  side  of  the 
ivheel,  so  that  the  edges  of  the  counterbalance  come  about  as  the 
line  S  E  S.  to  the  pin?     Is  this  either  mathematical  or  mechanical? 

X.  Y.   Z. 


Reading,  Pa. 


Philadelphia  &  Reading  Railway. 


(For  previous  article  see  page  156.) 


THE    POWER    PLANT. 


The  growing  importance  of  the  part  that  the  central  power 
plant  and  the  electrical  method  of  distribution  of  power  are 
playing  in  modern  railroad  repair  shop  installations  is  striking- 
ly emphasized  by  the  thorough  and  careful  design  and  the  char- 
acter of  the  work  of  installation  of  the  building  and  equip- 
ment of  the  power  plant  for  the  Reading  shops.  The  plant 
that  has  been  installed  there  is  undoubtedly  the  most  com- 
plete and  well-equipped  power  plant  that  has  ever  been  built 
for  use  in  connection  with  railroad  repair  shop  work.  It  is 
designed  for  a  large  ultimate  capacity,  and  is  intended  to 
supply  current  for  all  classes  of  service — power  and  lighting, 
both  arc  and  incandescent — to  all  of  the  departments  of  the 
railroad  located  at  Reading.  Besides  supplying  power  and 
lighting  for  all  departments  of  the  locomotive  repair  shop, 
current  will  also  be  furnished  to  the  car  repair  shops,  which 
are  located  adjoining;  to  the  depot  buildings,  roundhouses, 
freight  yards;  to  a  storehouse  and  to  a  repair  plant  within 
the  city,  and  to  a  pumping  station  some  distance  outside  of 
the  city.  In  this  way  a  great  deal  will  depend  upon  the 
constancy  of  the  service  furnished  by  this  plant,  but  the  pro- 
visions made  to  prevent  breakdowns  are  very  elaborate  and 
are  not  to  be  excelled  in  the  very  best  modern  power  plant 
practice. 

The  power  house  is  a  substantial  steel  and  brick  building, 
175  ft.  long  and  112  ft.  wide  inside,  and  with  a  clear  vertical 
space  inside  of  35  ft.  under  the  roof  trusses.  It  is  divided 
into  two  sections  by  a  division  wall,  one  the  boiler  room  (50  ft. 
wide)  on  the  east  side  and  the  engine  room  (62  ft.  wide)  on 
the  west,  the  engine  room  having  an  8  ft.  8  in.  basement  in 
which  all  the  steam  and  exhaust  piping  for  the  engines  is 
carried.  The  general  arrangement  of  apparatus  in  the  plant 
is  indicated  in  the  floor  plan  drawing  on  the  opposite  page, 
together  with  which  is  presented  a  cross  section  of  the  build- 
ing. Two  external  views  of  the  power  house  were  presented  on 
page  14  of  our  January  (1903)  issue,  one  from  the  west  side 
and  the  other  from  the  boiler-room  side,  showing  the  separate 
building  for  handling  the  ashes. 

An  important  feature  of  the  power  plant  building  is  the  tile 
roof,  providing  the  advantage  of  freedom  from  dripping 
moisture,  inherent  with  all  iron  roofs  in  cold  weather;  also  it 
is  absolutely  fireproof,  there  being  no  wood  used.  The  roof  is 
built  up  of  hollow  book  tiles  laid  upon  inverted  T  bars  resting 
as  purlins,  upon  the  steel  roof  frame,  and  the  whole  is  covered 
with  slag  cement.  In  fact,  the  entire  building  is  equally  as 
fireproof,  no  wood  being  used  in  any  part  of  it  except  for  doors 
and  window  casings. 

The  engine  room  is  served  by  a  10-ton  hand  crane,  all  the 
steam  piping  being  carried  below  the  engine  room  floor  to  give 
free  head-room.  The  crane  was  used  very  successfully  from 
the  completion  of  the  building  for  installing  all  of  the  ma- 
chinery. The  lower  portion  of  the  engine  room  walls  were 
laid  to  a  height  of  6  ft.  above  the  floor  with  white  tile-faced 
brick;  this  is  found  to  very  materially  brighten  up  the  room, 
reflecting  light  upon  the  machinery,  as  well  as  also  to  present 
a  very  pleasing  appearance.  The  ventilator  windows  in  the 
lantern  upon  the  roof  are  opened  and  closed  by  hand  control 
from  the  floor  through  chain  and  sprocket  connections — a  very 
convenient  and  quick  method  in  case  of  a  sudden  storm. 

The  boiler  room  contains  8  Wickes  vertical  water  tube  boilers, 
set  in  batteries  of  two  each,  as  indicated  in  the  floor  plan. 
Each  boiler  is  of  250-h.  p.  (heating  surface  =  5,112  sq.  ft.) 
capacity  at  the  working  pressure  of  150  lbs.  per  sq.  in.,  making 
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S.  F.  Prince,  Jr.,  Superintendent  Motive  Power.  B.  E.  Bbown,  Electrical  Engineer. 
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a  total  plant  capacity  of  2,000-h.  p.  The  boilers  are  fired  by  the 
well-known  Roney  rocking-grate  stokers,  which  were  furnished 
by  Westinghouse,  Church,  Kerr  &  Co.  Each  boiler  has  an 
effective  grate  area  of  62%  sq.  ft. 

(The  stokers  are  operated  by  two  small  Westinghouse  en- 
gines, the  drives  being  so  arranged  that  each  engine  operates 
only  four  stokers.  Extension  couplings  are  provided  tor  the 
drive  shafts,  however,  so  that  in  case  of  shut-down  at  eithfer 
engine  the  other  can  be  arranged  to  drive  all  the  stokers,  for 
which    either   engine    has   sufficient    capacity.      Steam    engine 

drives  were  preferred  to  electric  motors  for  convenience  in 
starting.  Draft  is  furnished  both  by  a  chimney  and  by  a  fan 
on  the  forced-draft  system,  the  requirements  calling  for  both 
an  air  pressure  below  the  grate  and  an  exhaust  above. 

Natural  draft  is  furnished  by  a  very  pretty  brick  stack,  125 
ft.  high,  with  an  inside  diameter  of  10  ft.  This  stack  was 
built  to  special  design  by  the  Alphons  Custodis  Chimney  Con- 
struction Company.  New  York.  The  connection  between  the 
boilers  and  the  chimney  is  had  through  an  8%  ft.  by  9Vj  ft. 
underground  smoke  flue  located  at  the  rear  of  the  boilers,  as 
shown  in  the  cross-section  view  of  the  power  house.  The 
undergrate  forced  draft  is  furnished  by  a  10-ft.  blower  fan, 
located  at  the  north  end  of  the  boiler  room  and  delivering 
through  the  underground  air  flue  shown  in  front  of  the  boilers. 


\1E\V   IN   FIRE  BOOM,   SHOWING  THE  WICKES   VEBTICAI.  BOII^RS   AND 
THE    COAL    CHUTES    LEADING    FKOM    THE    ELEVATED    COAL 
BUNKERS     TO     THE     STOKERS. 

Dampers  are  provided  at  each  boiler  to  regulate  the  air  pres- 
sure, as  well  as  to  regulate  the  effect  of  the  natural  draft. 

The  reason  that  both  natural  exhaust  draft  and  forced  draft 
are  used  is  that  both  were  required  with  the  stoker  as  in- 
stalled in  order  to  obtain  the  desired  working  efficiency  of 
10.5  lbs.  of  water  evaporated  per  pound  of  combustible.  The 
specifications  call  for  an  exhaust  suction  above  the  grate 
which  would  produce  a  %-in.  difference  of  level  in  a  U-tube, 
and  a  forced  draft  pressure  below  the  grate  sufiScient  to  pro- 
duce a  difference  of  level  of  1  in.   in  a  U-tube.      In  a  test 


that  was  made  shortly  after  the  boilers  were  placed  into 
service,  a  performance  was  shown  of  10.6  lbs.  of  water  evapor- 
ated per  pound  of  combustible  with  the  regular  coal,  showing 
under  analysis  19.6  per  cent,  of  refuse  and  2.14  per  cent,  of 
moisture,  and  with  an  exhaust  draft  above  the  grate  of  7-32  in. 
(U-tube)  and  a  forced  draft  below  of  9-32-in-  (U-tube),  the 
steam  pressure  averaging  only  140  lbs.  and  the  boilers  work- 
ing under  only  an  87.4  per  cent,  rating. 
Coal   is  stored   in  a  series  of  elevated   hopper  bins,  of  300 


VIEW    IN    UOILEp    ROOM.    SHMiri.NG    THE    VEKTU'AL    liOII.ER.S    AND    TIIK 
RELATIVE   LOCATIONS   OF  THE  TWO    16-IN.   STEAM    HEADERS. 


tons  capacity,  located  above  the  fire  room,  from  which  it  is 
delivered  direct  to  the  stokers  by  chutes,  as  shown  in  the 
cross  section  and  also  in  the  view  of  the  boilers.  The  bins 
are  of  built-up  steel  construction  and  are  supported  partially 
from  the  side  wall  and  partially  from  the  roof  trusses,  which 
are  extra  heavy;  this  frees  the  fire  room  of  obstructions.  The 
coal  is  delivered  into  the  bins  by  a  conveyor  system  of  a 
capacity  of  100  tons  per  hour,  which  carries  it  from  the  re- 
ceiving pit  under  the  track  at  the  east  side  of  the  building  and 
distributes  it,  in  connection  with  a  scraper  conveyor  above  the 
pockets,  into  any  desired  bin.  The  coal  used  is  a  buckwheat 
grade,  containing  about  20  per  cent,  of  ash. 

The  ash  conveyor  system  is  entirely  separate  from  that  for 
the  coal;  it  consists  of  a  scraper  line  leading  through  the  ash 
tunnel  under  the  ash-dumping  portions  of  the  grates,  and 
delivers  underground  into  the  separate  ash  storage  building 
outside  of  the  boiler  room.  In  this  ash  building  another  ele- 
vator conveyor  raises  the  ashes  up  into  bins,  from  which 
they  are  dumped  into  cars  for  removal.  The  ash  storage  build- 
ing involves  an  interesting  construction;  the  bin  floor  slants 
at  an  angle  of  about  45  degrees  toward  the  dumping,  or  track 
side,  and  is  lined  with  1-in.  glass  plate,  'ihis  produces  an 
absolutely  non-corrosive  surface,  upon  which  the  ashes  slide 
with  the  utmost  freedom. 

The  piping  systems  are  undoubtedly  the  most  complete  and 
best  arranged  of  any  to  be  found  in  power  plant  practice. 
Two  illustrations  of  the  same  are  presented  herewith  to 
indicate  the  method  of  swing  suspension  of  the  steam  header.^ 
to  allow  for  all  conditions  of  expansion  and  also  to  show  the 


Mat.  1903.         AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.  186 


partial  duplioate  arrangement  of  connections.  Expansion  18 
well  cared  for,  being  takrii  care  of  by  the  swing  suspension 
and  longradius  bends  in  all  cases,  except  in  the  power  tunnel, 
where  it  was  found  necessary  to  use  slip  joints.  ]Jui)lication 
is  almost  wholly  provided  for  by  the  two  steam  headers 
(marked  H  and  h  in  the  cross  section),  each  of  which  headers 
are  of  three-quarters  the  size  that  would  have  been  required  if 
a  single  header  had  been  used,  thus  ensuring  ample  receiver 
capacity.  There  are  three  14-in.  pipe  conne<-tions  between  the 
two  headers  to  permit  cutting  around  any  leak  or  disabled 
portion.     Another  valualilc   feature  of  the   i)iping  connections 


GERMAN    LOCOMOTIVE    TESTS. 


BY    LAWKOUU    II.    FItV. 


VIEW    OF   STE.\M    PIPLM:     .SHOVVl.Mi    JSWIXI,    METllUl)    (IF   .■5USl'ENS10.'>i 

AND    ARRANGEMENT    OF    LONG    RADII'S    liENDS    TO    MAKE 

CONNECTIONS  ON   UPPER  SIDES  OF   HEADERS. 

is  that  all  leads  from  either  header  are  taken  from  the  top,  so 
tuat  no  condensation  is  liable  to  be  entrained  but  will  tend 
to  pocket  in  the  header  from  which  it  is  regularly  drained. 

The  piping  is  an  excellent  example  of  steamfitting  work,  hav- 
ing been  installed  by  the  Best  Manufacturing  Company,  Pitts- 
burg, Pa.  By-passes  are  included  on  all  steam  valves  above  S 
ins.  in  diameter.  The  live  steam  system  is  carefully  ar- 
ranged to  avoid  interruptions  of  service.  Each  boiler  feeds 
from  its  steam  drum  directly  into  the  upper  IG-in.  header,  H 
and  the  upper  header  delivers  steam  to  the  lower  16-in.  header 
h,  through  either  one,  or  all,  of  three  14-in.  connections  with 
long-radius  bends.  The  pumps,  the  engines  and  the  air  com- 
pressor take  steam  from  the  lower  header  through  5  and  8-in. 
pipes  as  required.  An  interesting  feature  of  the  installation 
was  the  assumption  of  a  cost  of  the  entire  piping  at  $10  per 
boiler  horse-power  in  the  preliminary  estimate— this  figure 
proved  to  be  very  close,  tending,  however,  a  trifle  low. 

The  boilers  are  fed  by  Janesville  boiler-feed  pumps,  and  are 
protected  from  high  and  low  water  by  Reliance  whistle 
alarms.  The  feed  water  is  heated  by  a  Cochrane  2,000-h.p. 
open  exhaust  steam  heater,  through  which  all  the  exhaust 
steam  passes  on  "«  way  lo  shop  heating  or  to  the  atmosphere. 


In  the  .lournal  of  the  Association  of  German  Engineers 
{Zeitschritt  iler  Ve.reines  Deuischt^r  Ini/enieurp)  for  Novem- 
ber 22,  1902,  Herr  von  Borries  reports  a  most  interesting  series 
ot  tests  made  on  the  Prussian  State  Railway  with  the  latest 
superheater  engines  and  four-cylinder  balanced  compounds. 
Translated  extracts  from  this  report  appear  on  page  195  of 
this  issue  and  will  be  found  interesting  In  more  than  one 
direction.  Not  only  the  figures  obtained,  but  the  thorough 
manner  in  which  the  results  are  presented,  deserve  attention. 
It  will  be  seen  that  in  determining  the  horsepower  devel- 
oped by  the  locomotives,  the  resistance  of  the  locomotive  and 
tender,  and  the  resistance  of  the  train  are  calculated  sepa- 
rately by  independent  formulae  and  then  added  together  to 
obtain  the  total  tractive  power  required.  This  appears  to  be 
a  most  logical  procedure  and  it  is  interesting  to  compare  the 
results  thus  obtained  with  those  obtained  by  the  method 
usually  employed  in  this  country.  The  figures  below  show 
the  results  of  comparing  the  Barbier  formulae,  which  Herr  von 
Borries  uses,  with  those  of  Engineering  News  and  of  the  Bald- 
win Locomotive  Works,  which  find  general  acceptance  here. 
The  formulae,  R  being  the  resistance  in  pounds  per  ton  (2,000 
lbs.)  and  V  the  speed  in  miles  per  hour,  are  as  follows: 

V 

Engineering  News R^=2H 

4 

V  ' 

Baldwin  Locomotive  Works R  =  3H 

6 

V  +  20 
Barbier  (Locomotive  and  Tender)  ....  R  ^  7.6  +  4.6  V 

1000 

V  +  31 
Barbier  (Train) .'. .  H  =  3.2  +  1.55  V 

1000 

The  resistance  in  pounds   per  ton  for   various   speeds   which 
are  given  by  these  formulae  are  shown  in  the  following  table: 

Resistance  In  Pounds  per  Ton. 

L  a     .         £■=-;         £  • 

D-  "^K  "E-t-  T^ 

CMS  -=•£  ^~S  ^- 

Speed  in  Mile.-^  per  Hour.  "S^.^         "^-2  :^  Z  ^  c  £ 

a  >~^  >- 

10    4.50  4.67  8. 98  3.84 

20                7.00  6.33  11.28  4.78 

30    9.50  8.00  14.35  6.03 

40    12.00  9.67  18.61  7.60 

50    14.50  11.33  23.70  9.48 

60    17.00  13.00  29.65  11.66 

70    19.50  14.67  36.58  14.16 

80    22.00  17.33  44.40  16.96 

90    24.50  18.00  53.14  20.08 

100    27.00  19.67  62.80  23.50 

It  will  be  observed  that  while  the  German  locomotive  re- 
sistances are  very  considerably  higher  than  the  American  fig- 
ures, yet  the  car  resistances  are  lower  at  all  speeds  below  80 
miles  per  hour,  above  which  speeds  the  application  of  the 
formulcB  is  somewhat  problematical.  Presumably  the  German 
figures  are  intended  to  give  the  indicated  tractive  power  re- 
quired— that  is,  the  tractive  power  which  must  be  developed 
In  the  cylinders  to  overcome  the  resistance  of  the  machinery 
of  the  engine  in  addition  to  the  rolling  jesistance,  while  the 
American  formulas  are  intended  to  give  the  required  available 
tractive  power — that  is,  the  tractive  power  required  at  the 
rails  to  move  the  train  exclusive  of  the  power  required  to 
move  the  locomotive  and  machinery. 

Another  noteworthy  point  is  the  limit  which  Herr  von 
Borries  sets  for  the  rates  of  evaporation  and  combustion, 
which  are: 

Maximum  evaporation — 14.5  lbs.  of  water  per  square  foot 
of  heating  surface  per  hour. 

Maximum  combustion — 97  pounds  of  coal  per  square  foot  of 
grate  area  per  hour. 

If  these  figures  are  compared  with  Professor  Goss's  tests  of 
the  Purdue  locomotive  it  will  he  seen  that  while  the  maximum 
evaporation  is  about  the  same  in  both  cases,  the  rate  of  fuel 
consumption  in  the  Purdue  boiler  was  carried  to  about  180 
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lbs.  per  square  foot  of  grate  per  hour,  or  nearly  double  the 
amount  which  Herr  von  Borries  takes  as  the  maximum  rate 
for  the  German  engines.  Of  course,  the  more  rapid  Ameri- 
can combustion  corresponds  to  a  higher  smoke-box  vacuum 
and  a  smaller  amount  of  water  evaporated  per  pound  of  coal. 


OIL    FUEL    TESTS    ON    LOCOMOTIVES. 


NEW    LOCOMOTIVE    AND    CAR    SHOPS. 


COLLINWOOD,  OHIO. 


LAKE  SHORE  &   MICHIGAN   SOUTHERN   RAILWAY. 


vin. 


BOSTON    &    MAINE    KAILKOAll. 


Descriptions  of  the  application  of  oil  fuel  to  pushing  loco- 
motives used  at  the  Hoosac  Tunnel  on  the  Boston  &  Maine 
were  published  in  this  journal  in  June.  1902,  page  185;  August, 
page  233,  and  September,  page  273. 

Because  of  the  impossibility  of  securing  satisfactory  data 
in  tests  at  the  tunnel,  where  trains  are  usually  handled  by  two 
locomotives,  one  burning  coal  and  the  other  oil,  the  tests  for 
comparative  consumption  of  coal  and  oil  were  made  on  the 
western  section  of  the  Fitchburg  division,  between  September 
17  and  November  29  of  last  year.  The  oil  burner  made  3S 
trips  between  Mechanicville  and  East  Deerfleld,  85  miles,  and 
the  coal  burner  made  23  trips  with  the  same  trains  and  sched- 
ules. At  the  prices  prevailing  at  the  time  oil  was  more  expen- 
sive than  coal  and  its  use  will  probably  not  be  extended  be- 
yond the  present  special  service  at  the  tunnel.  The  locomo- 
tives were  exactly  alike,  except  as  to  the  arrangements  for 
burning  oil  or  coal,  and  have  the  following  dimensions: 

Type,  2 — 8 — 0;  simple  engines,  cylinders,  20x24  ins.; 
driving  wheels,  57  ins.;  weight  on  drivers,  121,000  lbs.;  total 
weight,  141,000  lbs.;  weight  of  tender,  80,000  lbs.;  total  weight 
of  locomotive  and  tender,  221,000  lbs.;  firebox,  ^IVi  x  102  ins.; 
tubes,  length  11  ft.  6  ins.,  diameter  2  ins.,  number  285;  boiler 
uiameter,  64  Ins.;  total  heating  surface,  1,856  sq.  ft.;  grate 
area,  29.6  sq.  ft.;  steam  pressure,  200  lbs.  per  square  inch, 
'the  diameter  of  the  exhaust  nozzle  was  4%  ins.  with  coal 
and  4 '54   ins.  with  oil. 

Special  attention  is  directed  to  the  large  number  of  trips 
with  each  engine.  This  was  an  important  test,  from  which 
the  future  policy  of  this  road  with  respect  to  oil  fuel  was 
determined.  It  was  therefore  carefully  conducted.  Train 
No.  298  is  scheduled  between  Mechanicville  and  East  Deer- 
field,  85  miles,  at  28  miles  per  hour  with  no  stops.  Train  No. 
207  is  scheduled  between  the  same  stations  in  the  opposite 
direction  at  13  miles  per  hour,  rui'ning  time,  with  one  stop, 
this  being  in  the  direction  of  the  heavy  grade.  The  tunnel  was 
included  in  both  cases  and  the  results  were  not  complicated  by 
the  use  of  helpers  through  the  tunnel.  Mr.  Henry  Bartlett, 
superintendent  of  motive  power,  has  kindly  supplied  this  in- 
formation and  has  included  the  comparison  of  the  cost  of  oil 
and  fuel  with  the  prices  prevailing  at  the  time  of  the  tests. 

COMPARISON   OF  OIL  AND    COAL    FUEL. 

Boston   &    Maine   Railroad. 

„      .               ^  Oii.  CoaL 

Engine  numbers   1068  1074 

Train    numbers    207.  298  207   298 

Trips     38  '2.3 

Cars    hauled     1,079  626 

Average  cars   hauled  per  trip 28.39  27   22 

Tons    hauled    30,481  17,982 ' 

Average  tons  hauled  per  trip 802.13  781   S3 

Engine    miles     3.230  1  955 ' 

Average  engine  miles  per  trip 85  85 

Car    miles     91,715  53.210 

Average   tar  miles   per  trip... 2.413.55  2  313   48 

Ton    miles    2  590.885  l,528!47o' 

Average  ton  miles  per  trip CS,1S1.1S  66,455.22 

Gallons   oil    consumed    33.700 

Average  gallons  oil  consumed  per  trip  886.84       ,  •■■•■ 

Pounds    consumed    260  164  295,075 

Average  pounds   consumed   per  trip...  6.846.42  12!s29.35 
.\verage   pounds   consumed   per  engine 

.    ™ile     80 .  55  150 .  93 

Average     pounds     consumed     per     car 

.   "'!»     2.84  5.55 

Average     pounds     consumed     per    ton 

„  ™''8     .100  .193 

Cost      $1,011.00  $458.56 

Average  cost  per  trip    26.61  19   94 

Average   cost   per  engine   mile ..'^130  2346 

Average  cost   per  car  mile .01102  OOSC 

Average  cost  per  ton  mile .00039  1 00030 

Gallon  of  oil  weighs  7.72  lbs. 

Cost  of  oil.  3  cents  per  gallon. 

Cost  of  coal.  $3.45  per  ton    (2.220  lbs.). 

Oil  test — September  17  to  October  11,   1902. 

Coal  test,  November  10  to  November  29,  1902. 

Test   between    Mechanicville  and  East  Deerfleld. 


GROUP  DBIVINCi   OF  TOOLS   IN   THE   MACHINE   SHOP. 

As  Stated  in  the  fifth  article  of  this  series,  about  five-eighths 
of  the  total  number  of  machine  tools  in  the  locomotive  repair 
department  shops  at  Collinwood  are  driven  in  groups  from 
short,  isolated  sections  of  line  shafting,  each  groui)  having  its 
line  shaft  driven  by  a  separate  constant-speed  motor.  The 
group  driven  tools  are  divided  up  into  17  groups  of  varying 
sizes  and  arrangement,  according  to  convenience;  the  distri- 
bution of  the  groups  has  largely  been  a  result  of  the  lay-out  of 
the  tools,  but  it  also  gives  evidence  of  an  attempt  to  depart- 
mentize  certain  classes  of  work,  such  as  the  rod  work,  or  the  . 
motion  work,  for  instance.  The  actual  arrangement  of  the 
group  driven  tools  is  indicated  in  the  list  of  tools  and  motors 
tor  the  Collinwood  shops,  which  appeared  upon  pages  42  and 
43  of  the  February  (1903)  issue  of  this  journal,  in  which  list 
was  given  not  only  the  types  and  sizes  of  tools  included  in 
each  group,  but  also  the  total  power  that  may  be  required  for 
each  tool  and  the  capacity  of  the  driving  motor  that  was  in- 
stalled to  carry  the  aggregate  load  from  each  group. 

As  before  stated,  group  driving  was  deemed  advisable  and 
was  given  the  preference  in  the  problem  of  powering  the 
machine  tools  at  the  Collinwood  shops.  Only  where  important 
and  valid  reasons  ruled  otherwise  were  the  tools  arranged  for 
individual  drives,  among  which  were  when  the  tools  were 
located  under  crane  runways,  where  overhead  belts  and 
countershafts  would  interfere  with  crane  service;  where  the 
advantages  to  be  gained  from  the  variable  speeds  afforded  by 
individual  driving  were  of  sufficient  weight;  or  where  the  tools 
are  isolated,  as  in  the  boiler  shop,  so  that  the  long  stretches 
of  shafting  necessary  would  be  inconvenient  and  wasteful  of 
power,  etc.  The  great  majority  of  the  tools  were  arranged  for 
the  group  driving,  including  the  smaller  lathes,  the  milling 
machines,  shapers,  drill  presses,  turret  lathes  and  other  rapid 
duplicating  machinery,  etc' 

An  important  feature  of  the  group  drives  in  this  installation 
is  that  all  the  line  shafts  are  driven  from  their  motors  by  high- 
speed "silent"  sprocket  chains.  All  of  the  group  drives  in  th 
locomotive  shop,  excepting  the  flue  machinery  group,  art, 
equipped  with  the  Renold  silent  chain,  made  by  the  Link-Belt 
Engineering  Company,  Philadelphia,  Pa.;  the  drive  for  the 
group  of  machines  in  the  flue  department,  as  well  as  for  the 
group  drives  in  the  bolt  and  spring  shops  and  for  the  coal  con- 
veyor, is  made  through  the  Morse  rocker-joint  silent  chain, 
furnished  by  the  Morse  Chain  Company,  Trumansburg,  N.  Y. 
The  blower  and  exhauster  fans  in  the  smith  shops  are  driven 
by  Renold  chains. 

The  most  remarkable  features  of  these  drives  are  the  com- 
paratively high  speed  at  which  the  chains  are  run,  and  also 
the  closeness  of  centers  at  which  the  sprockets  for  the 
chains  are  set.  The  chains  are  in  all  cases  operated  at  speeds 
of  from  1,100  to  1,200  ft.  per  minute,  and  their  sprocket-wheel 
centers  are  in  most  cases  spaced  30  ins.  apart;  in  the  flue  de- 
partment group  and  in  the  blacksmith  shop  drives  the  sprocket 
centers  are  spaced  slightly  farther  apart  for  convenience. 

The  great  advantages  of  the  chain  drive  are  the  posit iveness 
of  diive,  which  chara-^terizes  gear  driving,  and  the  possibility 
of  running  at  high  speeds  without  the  disagreeable  noise 
attending  gear  drives  or  drives  using  the  ordinary  sprocket' 
chain  when  operated  at  high  speeds;  thus  all  the  adyantages 
of  gear  driving  are  retained  and  the  advantage  of  much  greater 
flexibility   added. 

As  is  well  known,  the  silent  chain  consists  of  stamped  links 
or  bars  of  steel  pivoted  together  into  a  multiple  chain.  The 
Renold  chain  uses  a  shouldered  solid  stud  for  pivoting,  while 
the  Morse  chain  builds  up  the  links  upon  frictionless  rocker- 
joint  pivots.     Besides  permitting  high  speeds  without  excessive 
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noise,  these  chains  do  not  require  the  sprocliets  to  t)o  set  at 
fixed  distances  or  short  centers.  They  run  with  a  smooth 
action  and  are  not  affected  by  wear  or  stretching,  as  the  chain 
merely  rides  higher  upon  the  sprocltet  teeth  after  stretching. 
Excessive  journal  friction  is  absolutely  avoided,  as  these  chains 
are  always  run  slack.  They  are  also  not  affected  by  excessive 
heat  or  by  dampness. 

The   engravings,    presented    below,    illustrate    typical    chain 


end  of  the  bracket  and  drives  the  initial  portion  of  the  line 
shaic  by  a  Morse  silent  chain,  as  shown. 

The  line  shaft  passes  behind  the  motor,  running  In  the  floor- 
stand  and  wall  bearings  shown,  and  from  it  the  bolt  header 
below  the  motor  bracket  (an  Ajax  bolt  header)  is  driven. 
The  machines  beyond  require  a  slower  speed,  the  reduction 
for  which  is  obtained  by  a  geared  connection  involving  a  pin- 
ion on  the  initial  .shaft  driving  a  gear  on  the  further  shaft. 


TYPICAL  AKEANGEMENT  OF  CEILING    MOTOB  FOB  OROUP   DRIVING. 

I.KillT   Tool.   SECTION   OF    MACHINE   SHOP. 


VIEW    OF    A    CHAIN    DBU'E    UPO.N    A    MACHINE    TOOL. 
RENOLD     "SILENT"     CHAIN. 


drives,  one  presenting  a  view  of  one  of  the  ceiling  constant- 
speed  motors  driving  a  line  shaft  in  the  machine  shop,  and  the 
other  a  chain  drive  for  a  machine  tool,  in  both  of  which  cases 
the  Renold  chain  is  used.  The  close  spacing  between  centers 
of  sprocket   wheels   is   made   very   noticeable   in   these   drives. 

The  further  illustrations  presented  below  show  applications 
of  chain  driving  to  the  drives  of  wood-working  machinery 
located  in  the  tender  department  of  the  boiler  shop.  One  is 
that  of  a  drive  for  a  band  saw,  while  the  other  is  for  a  table 
saw,  both  being  driven  through  Morse  rocker-joint  chains. 
These  chains  are  running  at  high  speeds,  open  and  exposed 
to  dust  and  dirt,  and  are  giving  excellent  results. 

The  drawing  reproduced  in  the  engraving  upon  page  188. 
indicates  an  interesting  arrangement  of  the  motor  and  the 
manner  of  supporting  it,  for  the  group-drive  in  the  bolt  shop, 
in  the  blacksmith  shop  building.  In  this  case  the  line  shaft, 
as  well  as  the  motor  support,  are  located  upon  a  side  wall. 
The  motor  is  supported  by  a  very  substantial  bracket, 
built  up  of  structural  shapes  and  steel  plata  as  indicated  and 
attached  to  the  wall  by  substantial  through  bolts  passing 
through  and  bearing  upon  angles  at  the  opposite  side  in  order 
to  distribute  the  pressure.     The  motor  is  located  at  tlie  outer 


The  line  shaft  for  each  of  the  group-drives  in  the  machine 
shop  is  driven  at  a  speed  of  150  revolutions  per  minute.  The 
line  shaft  for  the  flue  machinery  is  operated  at  175  revolutions 
per  minute,  while  those  in  the  blacksmith  shop  are  driven 
at  higher  speeds,  from  200  to  450  revolutions  per  minute,  as 
required.  The  countershaft  speeds,  of  course,  vary,  being  in 
all  cases  adapted  to  the  machine  driven.     In  the  machine  shop 


(IIAIN     riUIVE    FOR    A     SAW    IN    THE    TENDER    DEI'AUTMKNT 
BOILER    SHOP.       MORSE   ROCKER-JOINT   CHAIN. 


CHAIN    nRI\'E   FOR   .V    B\NI),SA\V    IN    THE    BOILER    SHOP. 
MORSE    ROCKER-.IOI.NT    CHAIN. 

groups  the  speed  reduction  in  the  drive  from  the  motor  to  the 
line  shaft  is  about  6  to  1;  In  th»  various  other  groups  it 
varies  according  to  the  machines  driven. 

An  important  feature  of  the  construction  of  the  light  tool 
section  of  the  machine  shop,  which  was  indicated  in  the  draw- 
ing on  page  369  of  the  December,  1902.  issue,  is  the  arrange- 
ment of  the  lower  roof  trusses  with  intermediate  cross  mem- 
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bers  to  accommodate  the  countershafting  supports.  The  lower 
trusses  are  divided  up  into  panels  approximately  11  ft.  square, 
so  that  all  countershafting  supports  used  in  the  machine  shop 
are  of  the  same  length,  irrespective  of  which  direction  they 
run;    this  greatly  facilitated  the  getting  out  of  the  counter- 


l'' Pitch.  3'Wide  Renoldt; 
High-speed  Silent 

Driving  Chain.  I 


\H  Plato        'Ji  Plate 
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AURANOEMENT    OP    A    GKOUP    DRIVE    IN    THE    BOLT    SHOP,    SHOWING 
METHOD   OF    MOUNTING    MOTOR   UPON    A    SIDE-WALL   BRACKET. 

shafting  supports,  and  furthermore  makes  them  interchange- 
able in  case  of  possible  future  alterations.  In  the  heavy  tool 
section,  this  intermediate  truss  work  is,  of  course,  omitted,  as 
the  crane  service  there  prevents  shafting  being  used. 

MOTOR   DRIVEN    TOOLS    IN    THE    jHACIIINE    SHOP. 

A  few  more  representative  examples  of  motor-drive  appli- 
cations to  the  machine  tools  in  the  machine  shop  are  pre- 
sented herewith.  The  machines  shown  here  appear  well 
chosen  to  indicate  the  sturdy  and  substantial  character  of  the 
tools  selected  for  the  Collinwood  equipment — the  effort  ap- 
pears to  have  been,  and  rightly  so,  to  obtain  the  greatest 
possible  production  by  the  use  of  the  new  high-speed  tool 
steels  and  machine  tools  strong  enough  to  "pull  the  heavy 
cuts,"  rather  than  to  economize  by  the  use  of  lighter  or  old 
tools.  An  instance  of  the  saving  effected  in  one  direction  by 
this  policy  is  to  be  had  in  the  increased  number  of  driving 
tires  which  are  now  bored  per  day  as  compared  with  previous 
practice.  Where  formerly  only  about  three  tires  were  bored 
per  day  of  ten  hours,  now  with  the  new  tool  steel  and  the 
heavy  boring  mill  from  seven  to  eight  tires  are  bored  and 
finished  complete  per  day,  including  time  of  placing  on  table, 
setting  and  removing. 

The  machine  tool  upon  which  the  above  operation  is  per- 
formed is  one  of  the  84-in.  Niles  boring  mills,  with  two  heads, 
which  is  driven  by  a  10-h.p.  multiple  voltage  motor.  The 
tires  in  question  were  56-in.  Midvale  driving  tires,  and  the 
cut  was  taken  at  a  cutting  speed  of  19  ft.  per  minute  and  at 
a  feed  of  3-16-in.  per  revolution  of  the  table,  the  depth  of  cut 
varying  with  the  tire.  The  tool  steel  used  was  the  Styrian 
brand  of  air-hardening  steel.  When  beginning  boring,  the 
roughing  tool,  carried  by  one  of  the  two  heads,  is  started 
first  and  run  down  with  a  heavy  cut  for  about  1%  ins., 
after  which  the  finishing  tool,  carried  by  the  other  head,  is 
started  in  and  the  two  are  then  operated  together. 


\4  RivtI.-.   ;      I  Bolts 
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DETAILS  OF  STRUCTURAL  STEEL  BRACKET  FOB  SUPPORT  OF  MOTOR  IN 
BOLT   SHOP  GROUP  DRIVE. 

The  illustration  on  page  189  presents  a  view  of  the  51-in. 
boring  mill  (tool  No.  9  of  the  Collinwood  tool  list), 
which  "was  furnished  by  the  Niles  Tool  Works  Company.  The 
drive  for  this  tool  is  from  a  T'/i-h.p.  Crocker-Wheeler  multiple- 
voltage  motor,  through  a  gearing  reduction,  as  shown  at  the 
rear  of  the  machine.  The  circuit-breaker  for  the  motor  is 
located  at  the  rear  of  the  machine,  so  that  in  case  it  is  opened 
the  operator  cannot  lean  over  and  throw  it  in.  He  has  to  walk 
some  little  distance — this  Is  intended  to  call  his  attention  to 
the  fact  that  the  main  switch  must  be  opened  before  the  circuit- 
breaker  is  thrown  in;  it  serves  to  remind  him  that  he  must  not 
throw  in  the  circuit-breaker  without  opening  the  switch. 

A  number   of   tools   were   furnished   for   the   equipment   of 


48-lN.    RADIAL    DRILL. PRENTICE    BROS.    CO. 

DRIVEN  BY  A  3-H.P.   CONSTANT-SPEED   CROCKER-WHEELER  MOTOR. 
COLLINWOOD  SHOPS. — ^LAKE  SHOBE  &  MICHIGAN  SOUTHERN  BT, 
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these  shops  by  Prentice  Bros.  Com- 
pany, Worcester,  Mass.  One  of  them, 
a  4S-in.  electrically  driven  radial  drill, 
is  illustrated  in  the  accompanying  en- 
gravinK,  page  188.  This  machine  (tool 
No.  42)  is  driven  by  a  ah. p.  constant- 
speed  Crocker-Wheeler  motor,  which  is 
connected  to  the  cone  shaft  by  two 
trains  of  gears  running  in  opposite  di- 
rections for  reversal.  These  gears 
drive  the  cone  shaft  through  friction 
clutches  which  are  controlled  by  a 
lever  from  the  front  of  the  machine, 
so  that  by  it  the  machine  may  be  in- 
stantly stopped,  started  or  reversed. 
The  gears  are  heavy  and  well  propor- 
tioned. Bight  changes  of  speed  are 
available  at  the  drill  spindle  by  means 
of  the  four-step  cone  pulleys  and  the 
back  gears,  and  also  geared  variable- 
speed  feeds  are  provided,  furnishing 
eight  changes  of  feed  from  .0057  to 
.0540  in.  per  revolution  of  the  spindle. 
An  important  feature  of  this  ma- 
chine is  the  arrangement  of  the  arm 
upon  ball  bearings,  in  order  to  swing 
easily,  and  also  the  vertical  adjust- 
ment of  the  arm  by  power.  The 
spindle  of  this  machine  has  an  im- 
proved quick  return  and  stop  motion, 
by  which  the  point  of  the  drill  may  bo 
quickly  moved  down  to  the  work  and 
then  thrown  in  on  the  power  feed-^ 
all  while  the  machine  is  in  operation. 
The  feed  is  automatically  released 
when  the  spindle  reaches  its  lowest 
position,    preventing    damage    to    the 

gears.  Among  the  other  machine  tools  furnished  to  the  Collin- 
wood  machine  shop  by  the  Prentice  Bros.  Company,  besides 
the  above-mentioned  drill,  are  a  30-in.  swing  drill,  a  24-in.  drill, 
a  21-in.  drill,  eight  21-in.  swing  engine  lathes  and  nine  16-in. 
engine  lathes,  all  of  which  were  handledi  through  their 
Cleveland  selling  agents,  the  atrong,  Carlisle  &  Hammond 
Company. 


51-IN.   BORING   MILL. — NILES   TOOL   WOBKS   CO. 

DBIVEN  BY  A  7%-H.P.    MULTIPLE-VOLTAGE  CROCKEB-WHEELEE   MOTOB. 

COLLIN  WOOD    SHOPS. LAKE    SHORE    &    MICHIGAN    SOUTHEBN    BAILWAY. 


48-IN.    CAB    WIIEEL    UOBI.XU    MACHINE. — PUTNAM    .MACHINE    CO. 

DRIVEN  BY  A  7%-H.P.   MULTIPLE-VOLTAGE  CEOCKEB-WHEELER   MOTOR. 

COIXINWOOD    SHOPS. — LAKE   SHORE   &    MICHIGAN    SOUTHEBN   BAILWAY, 


The  machine  illustrated  below  is  the  48-in.  car-wheel 
boring  machine  (tool  No.  77),  which  was  furnished  by  the 
Putnam  Machine  Company,  Fitchburg,  Mass.  This  machine 
is  driven  by  a  7%-h.p.  multiple-voltage  motor,  the  controller 
for  which  is  located  at  the  right-hand  side  of  the  tool  con- 
venient to  the  operator. 

This  machine  is  from  a  new  and  extremely  heavy  design, 
intended  to  adapt  it  to  the  heavy  duty  self-hardening  steels. 
The  gea'ring  is  of  ample  strength  throughout.  The  chuck  has 
five  jaws,  operated  either  universally  or  independently,  which 
will  receive  wheels  from  15  to  48  ins.  in  diameter.  The  hub 
facing  attachment  is  independent  of  the  main  spindle,  being 
arranged  to  work  automatically  with  the  spindle.  The  spindle 
has  six  changes  of  feed,  varying  from  3-16  to  %  in.  per  revo- 
lution of  the  chuck,  and  also  has  an  automatic  stop  which 
throws  out  the  feed  after  the  boring  cutter  has  passed  through 
the  hub.  An  important  feature  of  this  machine  is  the  power 
crane  at  the  side  of  the  machine  for  swinging  wheels  up  onto 
the  chuck;  this  is  conveniently  handled  by  a  lever  and  speed 
mechanism  at  the  front  of  the  machine. 

At  the  top  of  the  following  page  is  illustrated  the  37-in. 
boring  mill,  two  of  which  (tools  Nos.  71  and  72) 
were  furnished  by  the  Bui  lard  Machine  Tool  Com- 
pany, Bridgeport,  Conn.  They  are  belt-driven  by 
5-h.p.  constant-speed  motors,  the  necessary  speed 
changes  being  obtained  by  belt  and  five-step  cone 

\  pulleys. 

M  '  This  machine  has  two  swivel  heads,  which  are 

entirely  independent  in  their  movements  both  as 
to  direction  and  amount  of  feed.  Either  head  can 
be  set  at  any  angle  and  can  be  brought  to  the 
center  for  boring.  The  feeds,  which  are  positive 
gear-driven,  have  ten  changes  ranging  from  1-32 
to  "i-in.  horizontally  and  from  1-50  to  %-in.  in 
angular  and  vertical  directions.  The  cross  rail  is 
raised  or  lowered  by  power. 
The  engraving  on  page  190  illustrates  the  42-in. 
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xJS-in.  X  13  ft.  motoi'-driven  planer  (tool  No.  46)  built  by  the  G. 
A.  Gray  &  Co.,  Cincinnati,  O.  It  is  driven  by  a  15-h.p.  multiple- 
voltage  motor,  the  motor  operating  the  planer  through  a  belted 
drive  to  the  countershaft  pulley;  the  arrangement  shown  is 
what  is  designated  as  the  "motor-belted"  type  of  drive  by  the 
G.  A.  Gray  Company. 
This  planer  has  a  table  drive  of  the  spur  gear  type,  and  is 


37-IN.    BORINU    MILL. — BULL.\RU    MACHINE    TOOL    CO. 
IIUIVEN     BY     A     5-H.l".     CONSTANT-.Sl'KKl)     CROCKER-WHEELER     MOTOR. 

arranged  for  raising  and  lowering  the  cross  rail  by  power. 
The  table  has  two  pairs  of  independent  dogs,  the  extra  pair 
on  the  rear  side  of  the  table,  operating  with  an  extra  belt 
shifter  lever;  hinged  to  each  shifter  lever  is  a  special  trip 
which  may  be  lifted  when  it  is  desired  to  run  the  table  for- 
ward without  disturbing  the  rear  dog.      In  this  way  the  work 


\ERTICAL  .Sl'l.NDLE    MILLINC    MACHINE. KEWTU.X    JIACIIISE   TOOL  CO. 

DRIVEN    BY    A    10-H.P.    MULTIPLE-VOLTACE   CROCKER-WHEELER    MOTOR. 

may  be  set  and  the  cut  started  complete  from  either  side  of  the 
planer. 

The  engraving  above  illustrates  the  No.  3  vertical  spindle 
milling  machine  (tool  No.  20J  which  was  furnished  by  the 
Newton  Machine  Tool  Company,  Philadelphia,  Pa.  It  is  driven 
by  a  lU-h.p.  multiple-voltage  motor,  the  controller  not  being 
shown.  An  interesting  motor  support  bracket  is  used  upon 
this  machine;  it  is  of  cast-iron  bolted  to  the  side  of  the 
machine's  frame.  The  recess  beneath  the  bracket  furnishes  a 
convenient  receptacle  for  the  resistance  box  used  in  connection 
with  the  motor  control. 
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42-IN.  X  42-IN.  X  12-FT.    PLANER. — THE    H.    A.    GRAY    COMPANY. 
11BIVEN   BY   A    15-H.P.    MULTIPLE- VOLT  AGE   CBOCKEB-WHEELEE   MOTOE. 


PLATE    HI-M1I\'(.    BOLL IIILLIS    i    JO.NES. 

DHIVE.N    BY    A    10-H.l'.    M tLTH'LE-VOLTA(iE    CROCKER- WHEELER    MOTOR. 

The  bending  roll  (tool  No.  S4),  illustrated  above,  is  the 
No.  2  plate  roll  made  by  Hilles  &  Jones,  Wilmington,  Del. 
It  is  driven  by  a  10  h.  p.  multiple-voltage  Crocker-Wheeler 
motor  through  cut  gears,  as  shown.  The  motor  is  mounted 
upon  an  extension  of  the  bed,  in  front  of  which  is  located  the 
controller. 

This  method  of  driving  a  bending  roll  is  found  very  con- 
venient, inasmuch  as  the  rolls  can  so  easily  be  reversed  by 
the  controller.  The  rolls  are  driven  through  steel  pinions, 
and  the  back  housing  is  hinged  to  permit  removing  plates 
after  having  been  rolled  to  full  circles. 


May,  1903. 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.       191 


THE  CONSTRUCTION  OF  SEAMLESS  BOILERS. 


BY   O.   LENTZ,   C.  E.,  DUSSELDOBF,   UEBMANY. 


At  the  recent  Diisseldorf  Exhibition,  in  the  pavilion  of  the 
Uhcinisohe  Metallwaarcn  und  Maschinen  Fabrik,  the  products) 
of  the  Ehrhardt  hydraulic  pressing  process  were  exhibited. 
These  works  were  established  in  1889  by  Mr.  Ehrhardt,  and 
now,  with  their  supplemental  works,  employ  more  than  (j,000 
hands. 

The  Ehrhardt  process,  patented  by  the  inventor  in  1891, 
consists  essentially  in  simultaneously  punching  and  shaping 
metal  blocks.  To  produce  a  hollow  cylinder,  a  square  piece  of 
red-hot  steel  (a.  Figs.  1  and  2)  is  placed  in  a  matrix  (b).  The 
cross-section  of  the  steel  block,  measured  diagonally,  corre- 
sponds to  the  diameter  of  the  matrix.  The  latter  is  then  closed 
by  the  lid  d,  serving  as  a  guide  for  a  mandrel  (c),  which  is 
driven  into  the  metal  by  means  of  a  powerful  hydraulic  press. 
The  diameter  of  the  mandrel  is  chosen  so  that  the  malerial 
forced  aside  by  it  is  exactly  sufficient  to  fill  the  four  segment- 
shaped  spaces  (e)  between  the  square  sides  of  the  block  and 
the  interior  surface  of  the  matrix.  Thus  it  is  possible  to  work 
upon  the  minimum  amount  of  metal  necessary  for  the  produc- 
tion of  the  piece  under  consideration. 

If  R  be  the  radius  of  the  matrix,  the  radius  (r)  of  the  man- 
drel is  found  by  the  formula: 

^  r"  =  TT  R=  —  2R» 
r  =  0.603R. 

As  the  metal  while  being  acted  upon  can  give  way  at  the 
sides,  the  mandrel  enters  the  metal  without  great  difficulty, 
and  a  hollow  cylinder  with  closed  bottom,  as  shown  in  Fig.  3, 
is  produced;  the  bottom  has  naturally  the  shape  of  the  head 
of  the  mandrel  (c).  This  hollow  body  can  be  drawn  out  anew 
in  order  to  produce  tubes  with  thin  walls.  In  the  same  way 
hollow  bodies  with  square  sections  may  be  manufactured, 
which  are  punched  in  a  corresponding  matrix,  the  blocks  con- 
stituting the  inscribed  circle  of  the  rectangular  section  of  the 
square  to  be  produced.  Blocks  of  irregular  sections  may  be 
punched  and  shaped  in  quite  the  same  way,  there  being,  how- 
ever, the  necessary  condition  that  the  piece  of  metal  be  cen- 
tered by  the  matrix,  and  that  sufficient  space  be  left  for  re- 
ceiving the  material  pressed  away  by  the  mandrel.  In  press- 
ing, such  an  amount  of  friction  is  produced  against  the  walls 
of  the  matrix  that  the  pressure  of  the  mandrel  on  the  block  is 
proportionately  small,  and  only  a  slight  longitudinal  com- 
pression of  the  material  is  effected. 

Figs.  4  to  7  illustrate  apparatus  for  producing  hollow  tubular 
bodies,  starting  from  a  blank  (a)  of  any  shape.  This  blank  is 
first  punched  by  means  of  a  nlandrel  (c)  in  a  die  (b)  the  bot- 
tom of  which  is  formed  by  a  slide  (s)  which  is  moved  hori- 
zontally in  the  die  by  a  screw-spindle  and  hand-wheel.  After 
the  metal  blank  in  the  die  has  been  perforated  as  described, 
the  slide  s  is  withdrawn,  the  mandrel  is  moved  downward 
together  with  the  tubular  body  and  presses  together  with  the 
latter  successively  through  the  drawing  rings  d.  di,  ds,  until 
the  tubular  body  has  acquired  the  requisite  thickness.  The 
punching  may  also  be  effected  by  means  of  a  short  steel  cylin- 
der and  a  matrix  of  a  special  shape,  wider  at  the  top  than  at 
the  bottom   (Figs.  6  and  7). 

The  precision  with  which  objects  of  determined  dimensions 
are  produced,  and  also  the  smoothness  and  polish  of  their  sur- 
faces, are  remarkable.  It  is,  for  example,  possible  to  make 
base-chamber  shrapnels  with  walls  only  2  mm.  (0.07S7  in.) 
thick,  without  the  necessity  of  any  machining  inside. 

In  order  to  produce  long  weldless  hollow  t'odies — tubes,  for 
instance — the  blank,  alter  being  perforated,  is  cripped  by  the 
pincers  of  a  draw-bench  and  drawn  out,  during  which  opera- 
tion the  direction  of  movement  remains  the  same.  Thick  tubes 
can  thus  be  drawn  out  three  times  successively  without  it 
being  necessary  to  heat  the  body  after  each  operation.  It  is 
therefore  possible  with  one  heating  only  to  produce  a  tube  of 
great  length. 

When  the  thickne.-!S  of  the  walls  does  not  exceed  3.5  mm. 
(0.138  in.)  the  tubes  are  generally  calibered  by  cold  drawing 


on  a  solid  bar.  A  red-hot  temperature  is  very  suitable  for  all 
these  operations,  and  need  not  be  exceeded.  The  perfection 
of  the  machinery  at  present  employed  allows  the  producing  of 
weldless  tubes  with  a  precision  of  diameter  or  thickness  of 
0.1  mm. (0.0039  sq.  in.).  The  mandrel  being  exactlv  centered  and 
precisely  guided,  continues  to  advance  without  deviating  when 
the  movement  has  once  been  correctly  started.  The  manufac- 
ture of  steel  flasks  for  highly  compressed  gases  particularly 
serves  to  illustrate  the  valuable  qualities  of  press  work.  These 
flasks,  which  are  made  in  all  sizes,  are  tested  before  being 
officially  accepted,  by  a  pressure  test  made  as  follows:  The 
flask  is  filled  with  water  and  carefully  weighed,  then  sub- 
jected to  a  pressure  of  at  least  250  atmospheres.  A  steel  band 
laid  around  the  flask  serves  to  determine  the  expansion  result- 
ing from  this  test.  If  it  indicates  no  permanent  deformation, 
the  flask  is  accepted. 

In   consequence  of  the   pressure   operation   the   strength   of 
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APPABATUS     FOB     FOBMING     HOLLOW     TUBULAB     B0DIE.S    FBOM     TUB 
SOLID   BLOCK. 

the  metal  is  materially  increased;  the  walls  of  the  flask  show 
an  equal  solidity  and  a  great  tenacity  in  all  parts,  so  that  it 
can  stand  a  pressure  above  500  atmospheres.  At  a  still  higher 
pressure  the  flask  does  not  break  up  into  fragments,  but  only 
splits  open  at  one  place.  The  metal  employed  must  possess  a 
tensile  strength  32  to  100  kg.  per  sq.  millimeter,  and  an  elonga- 
tion of  15  to  30  per  cent.  After  the  operaticd  it  is  found  that 
not  only  the  tensile  strength,  but  aiso  the  elonfation,  has  ma- 
terially increased. 

Practical  experience  has  clearly  proved  the  superiority  of  the 
Ehrhardt  weldless  tubes  over  the  best  welded  tubes  for  water- 
tube  boilers  with  thin  tubes.  For  this  several  reasons  are 
given:  First,  the  metal  employed  is  carefully  chosen  from 
among  the  best  products  of  the  Martin  furnace,  for  in  order 
to  be  able  to  stand  this  pressure  operation  it  must  be  exempt 
from  all  defects  resulting  from  casting;  furthermore,  the 
cherry-red  heat  at  which  the  work  is  performed  makes  anneal- 
ing superfluous  and  thus  avoids  its  detrimental  consequences. 
As  there  is  no  weld  seam,  the  inner  surface  of  the  object  shows 
no  unevenness.  The  expansions  and  contractions  which  occur 
in  the  fireboxes  of  boilers  take  place  in  a  regular  manner, 
while  a  weld-seam,  though  as  perfect  as  possible,  breaks  the 
homogeneousness  of  the  metal  and  constitutes  the  primary 
cause  for  dislocations  under  the  influence  of  varying  tempera- 
tures. To  this  cause  of  inferiority  must  be  added  the  difficulty 
experienced  in  obtaining  an  irreproachable  seam.  Lastly,  the 
quality  of  the  material  employed  for  the  seamless  tubes  allows 
of  their  being  thickened  up  by  upsetting,  enlarged  by  bell- 
mouthing,  or  fitted  with  collars,  etc.,  under  the  press,  which 
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work  cannot  be  executed  with  the  same  degree  of  perfection  on 
welded  tubes.  Furthermore,  there  is  no  great  difference  to-day 
between  the  prices  of  production  of  the  two  kinds  of  tubes. 
The  manufacture  of  welded  tubes  can  only  be  termed 
economical  in  cases  where  the  quality  of  the  metal  is  of  sec- 
ondary importance  owing  to  the  low  pressures  it  has  to  with- 
stand, as,  for  instance,  in  gas  and  water  pipes.  The  exigencies 
created  by  the  progress  of  modern  industry  are,  moreover, 
only  to  be  satisfied  by  weldless  tubes.  Besides,  the  employ- 
ment of  first-class  metal  leads  to  a  diminution  of  the  thickness 
of  the  walls,  and  consequently  also  to  economy.  These  weld- 
less  tubes  are  especially  suitable  for  marine  and  locomotive 
boilers;  the  German  Admiralty  Office  is  using  them  exclusive- 
ly. The  manufacturing  of  shells  has  been  improved;  projec- 
tiles of  extraordinary  tenacity  and  solidity  are  thus  produced, 
for  which  the  hardest  steel,  with  a  tensile  strength  of  100  kg. 
per  square  millimeter  and  more,  is  employed. 


.\lilt.V.\UEMENT  OF  SWrnCLING  ROLLS  FOR  ROLLING  OUT  HEAVY  TUBES 
INTO    BOILER    BARRELS. 

Gun  tubes,  made  from  special  alloys  of  steel,  are  first  forged 
under  a  forging  press  and  then  punched  by  the  Ehrhardt 
process,  thus  obtaining  a  high  degree  of  resistance  to  pressure 
in  the  bore.  By  building  up  a  gun  from  a  tube  and  a  jacket, 
both  parts  being  manufactured  by  the  Ehrhardt  process  and 
united  by  shrinkage,  its  strength  is  augmented  still  more.  In 
consequence  of  the  compression  undergone  by  the  inner  layers 
of  the  tube  while  the  bore  is  being  pressed,  the  surface  of  the 
latter  becomes  very  hard  and  compact,  thus  obviating  to  a 
great  extent  the  erosion  which  the  high  temperatures  accom- 
panying the  combustion  of  modern  powders  are  liable  to  pro- 
duce. In  short,  the  products  obtained  by  the  Ehrhardt  process 
are  generally  recognized  to  be  of  most  excellent  quality. 

After  having  explained  fully  the  Ehrhardt  process  in  making 
seamless  tube  from  a  full  square  block,  I  will  now  explain  this 
process  as  applied  to  the  rolling  out  of  a  heavy  tube,  made  in 
this  manner,  into  a  boiler-barrel. 

Mr.  Ehrhardt  uses  a  rolling  mill  with  two  rollers,  of  which 
the  top  roller  takes  the  hollow  block  and  the  bottom  one 
swivels  in  rolling.  The  hollow  block  is  made  of  such  a  diam- 
eter that  it  goes  easily  over  the  top  roller;  the  bottom  of  the 
blank  is  cut  off  so  that  a  cylinder  of  the  finished  length  re- 
mains. The  rolling-out  to  the  proper  thickness  and  diameter 
is  done  on  the  rolling  mill,  which  has  a  very  powerful  engine. 
The  bottom  roller  is  arranged  to  swivel  right  and  left  (Fig.  9) 
around  the  center-point  a,  and  is  pressed  upward  by  hydraulic 
pressure,  so  that  the  same  pressure  is  always  acting.  For 
facilitating  the  rolling  out  and  reducing  the  pressure  upon 
the  rollers,  the  bottom  roller  oscillates  during  its  work  as 
shown  in  Fig.  9.  In  the  inclined  position  the  pressure  is 
exerted  only  in  the  middle  at  a,  and  spreads  gradually  from  the 
middle  position  until  it  covers  the  whole  length  of  the  rollers; 


as  rollers  always  bend  somewhat,  this  oscillating  move- 
ment ensures  uniform  thickness  of  the  cylinder.  It  is  not 
thicker  in  the  middle,  as  is  usual  with  rolled  plates.  For 
guiding  the  rolled  cylinder  side  rollers  are  used,  which  give  a 
steady  run  to  the  cylinder.  These  side  rollers  are  arranged  so 
that  they  are  fixed  by  a  lever  corresponding  to  the  diameter  of 
the  boiler-barrel  to  be  produced. 

A  boiler-barrel  made  in  this  way  possesses  In  all  its  parts  an 
equal  resistance,  and  is  far  superior  to  a  welded  or  riveted 
barrel.  The  press  and  rolling  mill  of  Mr.  Ehrhardt  at  Diissel- 
dorf-Reisholz  produces  boiler-barrels  for  locomotives  and 
marine  from  1  to  5  meters  (3.28  to  16.4  ft.)  diameter,  cylinders 
for  hydraulic  presses  and  accumulators,  and  all  other  kinds  of 
hollow  bodies  of  great  resistance  for  great  pressures.  Loco- 
motive and  marine  boilers  made  with  seamless  barrels,  accord- 
ing to  Ehrhardt's  process,  are  lighter  and  of  greater  resistance, 
durability  and  tightness  than  those  made  according  to  the  usual 
method,  with  welds  and  rivets. 


SPRING  CENTERING  DEVICE  FOR  LOCOMOTIVE 
TRUCKS. 


New  York  Central  &  Hudson  River  Railroad. 

In  order  to  secure  correct  conditions  of  wear  of  driving 
wheel  tires  and  to  provide  for  the  proper  influence  of  the  lead- 
ing truck  in  guiding  the  engine,  it  is  important  to  employ 
effective  centering  devices  for  the  truck.  On  page  134  of  the 
May,  1900,  number  of  this  journal  was  printed  a  discussion  of 
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LATERAL    SPRING    CENTERING    DEVICE    FOB    LOCOMOTIVE    TRUCKS. 

truck  link  hangers  and  their  influence  on  the  wear  of  tire 
flanges.  There  has  been  of  late  a  marked  tendency  toward 
the  use  of  3-point  truck  hangers,  employing  the  weight  of  the 
front  end  of  the  engine  to  center  the  truck.  The  accompany- 
ing engraving  illustrates  a  lateral  spring  arrangement  to  serve 
this  purpose.  This  is  similar  in  principle  to  the  devices  which 
have  been  used  for  years  in  foreign  practice  and  has  been  ap- 
plied to  the  "Central  Atlantic"  or  4-4-2  type  locomotives  of  the 
New  York  Central,  which  were  illustrated  on  page  36  of  the 
February,  1901,  number  of  this  journal.  It  is  believed  to  be 
more  satisfactory  than  the  3-point  hanger  and  the  construc- 
tion is  such  as  to  permit  of  adjusting  the  resistance  to  side 
motion  through  the  springs.  The  drawing  Is  sufficiently  clear 
to  explain  itself. 
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MOTOR  DRIVEN  MACHINE  TOOLS. 


Representauve  ExAMi'LEB  oiT  Indivxdually-Dkiven  Lathes. 


Supplementary  to  our  article  in  tlie  previous  issue  (pages 
137-9)  descriptive  of  typical  methods  of  applying  electric 
motors  to  engine  lathes  for  individual  driving,  we  present  here- 
willi  further  examples  of  motor  applications  to  lathes.  All  of  the 
drives  shown  are  those  using  direct-current  motors,  the  ma- 
jority being  of  the  variable  speed  type;  fewer  examples  of  the 
induction  (alternating  current)  motor  are  to  he  found  as 
applied  to  machine  tool  driving,  although  the  induction  motor 
is  meeting  with  marked  success  for  this  worli  and  is  fast 
coming  into  favor. 

The  writer  is  pleased  to  state  that  the  machine  tool  builders 
are  taking  an  exceptional  interest  in  the  subject  of  motor 
driving,  and  are  for  the  most  part  conducting  extensive  ex- 
periments along  this  line.  Important  improvements  in  the 
method  of  mounting  the  motor,  as  well  as  in  the  arrangement 
of  the  drive,  are  to  be  found  upon  the  advocated  method  of 
motor  driving  for  every  machine  tool  of  prominence.  The 
variable  speed  motor  is  held  highly  in  favor  by  a  great  many, 
but  the  consensus  of  opinion  seems  to  be  tending  toward  the 
use  of  two  or  more  runs  of  gearing  in  the  drive  to  obtain  a 
portion  of  the  speed  changes  if  a  variable  speed  motor  is  used, 
or  for  all  of  the  variations  when  using  a  constant-speed  motor. 


GEARED   DBIVE   I'OU    A    24-ISCH    LATHE. — AMEUICAN    TOOL    WORKS    CO. 

DOUBLE    COMMUTATOR    VARIABLE-SPEED    MOTOR    M.\DE    BY 

THE    COMMERCIAL    ELECTRIC    COMPANY. 

The  above  illustration  and  drawing  represent  the  inter- 
esting type  of  drive  recently  applied  to  their  lathes  by  the 
American  Tool  Works  Company,  Cincinnati,  0.  The  lathe 
here  shown  is  their  standard  24-in.  lathe,  which  is  well  known 
for  its  many  commendable  features. 

It  is  driven  by  a  3  h.  p.  motor  ol  the  double  commutator 
type,  made  by  the  Commercial  Electric  Company,  Indianapolis, 
Ind.  The  motor  is  mounted  on  a  saddle  on  the  headstock,  with 
communication  direct  to  the  spindle  by  a  rawhide  pinion  and 
intermediate  slip  gear.  The  controlling  apparatus  for  start- 
ing, stopping  and  reversing  is  simply  and  conveniently  ar- 
ranged at  the  right  end  of  the  carriage,  in  the  handle  shown 
which  operates  through  a  splined  controller  rod  beneath  the 
bed.  There  are  four  fundamental  speeds  obtainable  from  the 
motor  itself,  through  the  speed  controller  directly  under  the 
head,  which  operates  upon  the  two  wire  system  in  conjunction 
with  the  double  commutator  feature  of  the  motor.  This,  with 
the  four  speed  changes  in  the  spindle  gearing,  gives  a  total  of 
sixteen   distinct  and  positive   spindle  speeds   available. 

The  drawing  presents  the  details  of  the  headstock  gearing 
arrangement.  The  motor  drives  through  the  pinion  to  an 
intermediate  shaft  which  carries  two  slip  gears,  splined  so  as 
to  permit  of  being  thrown  over  into  mesh  with  either  run  of 
gearing.    The  movement  of  these  slip  gears  is  controlled  by 


the  handle  shown  above  the  gear  case  In  the  ■view.  These  two 
runs  of  gears,  in  addition  to  the  regular  back  gear  attach- 
ment, provides  the  four  changes  of  speed  available  from  the 
headstock  gearing. 

1 
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DRAWIXd     SHOWING     ARRANGEMENT    OF    CHANGE    GEARS     FOR     THE 
DRIVE    UPON    THE    AMERICAN    TOOL    WORKS    LATHE. 

Below  is  illustrated  an  interesting  motor  drive  which  has 
been  applied  to  a  54-in.  engine  lathe  made  by  the  Pond  Machine 
Tool  Company.  The  motor  is  a  7V2  h.  p.  Westinghouse  motor, 
having  a  speed  range  from  650  to  930  rev.  per  min.  by  field 
control.  It  is  mounted  upon  a  saddle  spanning  the  headstock 
frame,  from  which  position  it  drives  an  intermediate  shaft  In 


GEARED  DRIVE   I'POX   A   54-INCH   LATHE. POND    M.\CHINE  TtHJL  CO. 

VARIABLE-SPEED  MOTOR   (FIELD  CONTROL). WESTINGHOUSE  ELECTRIC 

&   MANUFACTURING   COMPANY. 

front.  Upon  this  intermediate  shaft  is  arranged  a  slip-gear 
combination  consisting  of  three  pinions  in  one  piece,  splined 
SO  as  to  slide  along  the  shaft.  Their  position  Is  controlled 
by  the  hand  wheel  shown  at  the  left — by  it  they  may  be  thrown 
over  so  as  to  mesh  with  any  one  of  the  three  larger  gears  upon 
the  driving  shaft  below.    The  three  gear  speeds  thus  obtain- 
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This  company  has  recently  developed  an  improved  arrange- 
ment of  geared  drive,  vfhich  marks  an  important  advance  in 
motor  driving  applications.  They  are  making  unusual  progress 
in  this  important  branch  of  work. 

The  lower  engraving  illustrates  a  motor  drive  application  to 
a  Jones  &  Lamson  flat  turret  lathe.  The  motor,  which  is  a 
type  N  direct-current  motor  made  by  the  Bullock  Electric 
Manufacturing  Company,  Cincinnati,  0.,  is  conveniently  lo- 
cated upon  a  cast-iron  bracket  at  the  rear  of  the  headstock. 
'the  motor  drives  direct  through  an  intermediate  pinion  to  the 
large  spindle  gear.  A  valuable  feature  of  this  application  is 
the  fact  that  all  the  gears  are  encased  in  a  sheet  metal  casing, 
keeping  out  dirt  and  preventing  injury  to  the  gears,  or  to 
workmen. 

The  motor  is  operated  upon  the  multiple-voltage  system  for 
variable  speeds,  the  controller  for  which  Is  shown  located  at 
the  end  of  the  bed  at  the  left;  the  handle  projects  out  on  the 
front  side  of  the  lathe.  This  controller  gives  26  speeds  in 
forward  motion  and  six  in  reversal. 

Another  application  of  the  multiple-voltage  motor  drive  is 
presented  in  the  engraving  below.  This  illustrates  a  13- 
in.  Gisholt  turret  lathe  gear  driven  direct  from  a  type  N 
variable-speed  motor  made  by  the  Bullock  Electric  Manufac- 
turing Company.  The  drive  is  in  this  case  also  from  the 
motor  pinion  through  an  intermediate  gear  direct  to  the 
spindle.  The  26  speeds  furnished  by  the  controller  are  here 
assisted  by  the  use  of  the  usual  back  gear  upon  the  lathe. 


t'ONST.VXT-SPEED   BELTEP    DRIVE   UPON    AN    "IDEAL"    L.VrHE. — SPRING 
FIELD   MACHINE  TOOL   COMPANY. 

able  are  supplemented  by  the  usual  back-gear  at- 
tachment, making  thus  six  spindle  speeds  avail- 
able for  every  motor  speed. 

The  lathe  illustrated  in  the  engraving  above 
is  the  motor-drive  adaptation  of  the  Ideal  lathe, 
a  number  of  which  have  been  furnished  to  the 
United  States  Navy  Department  by  the  Springfield 
Machine  Tool  Company.  Springfield,  Ohio.  This 
is  the  belted  or  flexible  connection  type  of  drive 
for  use  with  constant-speed  motors,  which  this 
company  has  advocated,  and  it  has  proven  very 
satisfactory.  The  motor  is  not  reversible,  re- 
versals being  accomplished,  as  well  as  starting 
and  stopping,  by  the  clutches  on  the  countershaft 
upon  the  standard.  This  arrangement,  of  course, 
necessitates  a  tight  belt  on  account  of  the  close 
centers  of  pulleys.  The  motor  shown  upon  this 
lathe  Is  a  Storey  direct-current  constant-speed 
motor. 


DIRECT  CEARED  DRIVE  UPON  A  .TON 
MULTIPLE-VOLTAOK   MOTOE. — BULLOCK 


CEARED  DRIVE  UPON  A  TUBBET  LATHE. GISHOLT  MACHINE  COMPANY. 

MULTIPLE- VOLT  AGE    MOTOB. — BULLOCK    ELECTBIO    MANUTAOTUKING 
COMPANY. 

The  motor  is  supported 
by  a  convenient  cast- 
iron  bracket  at  the  rear 
of  the  head. 

Some  interesting  lathe 
drives  are  shown  in  the 
upper  engraving  on 
page  195,  which  repre- 
sents a  view  in  the  tool 
room  at  the  Bullock 
Electric  Manufacturing 
Company's  works.  The 
drives  shown  are  cases 
where  multiple-voltage 
motors  have  been 
mounted  upon  stand- 
ards above  the  lathe 
headstocks  and  drive 
direct  to  the  spindles  by 
gearing.  In  all  these 
cases  the  motor's  vari- 
ES  &  LAMSON  FLAT  TURRET  LATHE.  able  Speeds  are  supple- 

ELECTBiOAL  MANUFACTUBiNO  COMPANY.  mented  by  the  lathe  back- 
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LOCOMOTIVE     TESTS     ON     THE     PRUSSIAN    STATE 
RAILWAYS. 


SUPEBUEATKU    AND    COMPOUNU    LOCOMOTIVES. 


(;K.\ui:i>  Dnivics   upox  tool  hoom   lathes   .\i'   wouics  <ij-'  liii.ini  i,-. 

ELECTRIC    M.\Nl'F.\CTURINO    COMT.VNY. 

gears.  A  very  noticeable  feature  of  this  tool  room  is  the 
absence  of  belts  and  also  the'  simplicity  of  the  headstock 
arrangement  effected  by  the  use  of  the  variable-speed  motor. 

The  following  engravings  present  views  of  a  "home-made" 
application  of  motor  driving  to  a  large  Bement-Miles  wheel 
lathe  in  a  prominent  railroad  repair  shop.  The  motor  used  is 
a  constant-speed  General  Electric  motor,  and  with  the  driving 
cone  pulley,  it  is  mounted  upon  a  platform  of  boiler  plate,  sup- 
ported by  cast-iron  pillars  bolted  to  the  headstock.  This  is  a 
convenient  method  of  adapting  an  old  tool  to  motor  driving — 
the  principal  criticism  In  this  case  is  the  lack  of  a  means  of 
easily  raising  the  drive  cone  to  tighten  the  belt. 


{TI1.\.\SI„\TKI)  EXTIlACrS  FROM  RKI'ORT  BY  IIEBRN  VWlV.  VON  Bf)BRIES.)* 
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s 

3 

Weight  Ir 

Woritinj 

Order. 

Pounds. 

£  =  =' 

Boiler 

Pressure. 

Lbs. 

Sq.  Ins. 

7,  18 

116,500 

24.7 

1,278 

200 

440 

120.350 

24.7 

1,134 

170 

42 

104.900 

24.7 

1.345 

170 

CONSTANT-SPEED  MOTOR  DRIVE  UPON  A  L.VBGE  BEMENT-MILES  WHEEL 
LATHE. — AN    ADAPTATION    TO    AN    OLD    TOOL. 


In  the  summer  of  1902  tests  were  made  on  the  Prussian 
Slate  Railways  with  four-cylinder  balanced  compounds  of  the 
Von  Borries  type  and  the  latest  type  of  superheated  steam 
single-expansion  locomotives  of  the  Schmidt-Garbe  system. 
The  results  of  these  tests,  which  were  made  on  the  Hanover- 
Stendal  division,  are  given  below.  The  locomotives  tested 
were  two  four-cylinder  compound  engines,  Nos.  17  and  18,  two 
superheater  locomotives,  Nos.  439  and  440,  and  a  two-cylinder 
compound  locomotive  with  starting  valve.  No.  42.  These  en- 
gines are  all  of  the  four-coupled  (4 — 4 — 0)  type,  their  main 
dimensions  being: 


Type. 


Four-cylinder  compound.      1' 

Super-heater    439, 

Two-cylinder    compound. 

In  calculating  the  average  figures  which  are  tabulated  below, 
all  those  which  were  not  properly  comparable  by  reason  of  un- 
favorable weather  conditions  have  been  discarded,  the  number 
of  trips  considered  being  as  shown  in  the  first  line  of  the 
table.  In  calculating  the  hourly  fuel  and  water  consumption 
per  square  foot  of  grate  area  and  heating  surface  (lines  22  and 
23),  a  deduction  of  five  minutes  has  been  made  from  the 
total  running  time  (line  2)  to  give  actual  time  at  speed,  exclu- 
sive of  slow-down  on  passing  through  Lehrte  station  and  at 
the  ends  of  the  run.  This  deduction  was,  however,  not  made 
in  calculating  the  horse-power  developed  per  pound  of  coal 
(lines  18  and  19),  in  order  to  make  allowance  for  the  work 
done  in  accelerating  the  train,  which  is  not  otherwise  account- 
ed for. 

The  four-cylinder  compound  engines  gave  almost  identical 
results.  The  fuel  and  water  consumption-  (lines  22  and  23) 
of  respectively  90.1  and  13.2  pounds  per  foot  are  below  the 
allowable  maximum  values  of  97  and  14.5  pounds  per  square 
foot  per  hour,  showing  that  the  engines  were  capable  of  devel- 
oping greater  power,  which  was  actually  done  on  some  trips. 
The  superheater  locomotives  show  an  hourly  evaporation  of 
13.8  pounds  per  square  foot  of  grate,  which  is  slightly  below, 
while  the  fuel  consumption  of  98.6  pounds  per  square  foot  of 
heating  surface  is  somewhat  above,  what  may  be  considered 
the  allowable  maximum,  so  that  the  engines  were  on  the  aver- 
age fully  loaded. 

A  comparison  of  the  smoke-box  draught  (line  5)  shows 
that  the  same  rate  of  combustion  was  attained  with  a  much 
lower  vacuum  for  the  superheater  engines.  The  same  thing 
was  shown  by  a  measurement  of  the  temperature  of  combus- 
tion. In  making  this  measurement  the  vacuum  in  the  rear 
upper  corner  of  the  fire-box  was  measured  and  found  to  aver- 
age for  the  four-cylinder  compound  about  54  per  cent.,  and  for 
the  superheater  about  45  per  cent,  of  the  vacuum  in  the  smoke- 
box,  the  difference  being  doubtless  due  to  the  greater  area  of 
the  flues  in  the  superheater  locomotive.  The  total  horse- 
power (line  13)  is  about  5  per  cent,  higher  for  the  superheater 
than  for  the  four-cylinder  compound,  chiefly  on  account  of 
the  9  per  cent,  greater  evaporation  (line  22).  The  effective 
horse-power  developed  per  pound  of  coal  per  hour  is.  on  the 
other  hand,  about  7  per  cent,  better  for  the  four-cylinder  com- 
pound. In  comparison  with  the  earlier  superheater  engines 
tested  in  1901.  the  power  of  the  new  engines  (lines  13,  14,  IS, 
19  and  20)  is  higher  by  about  12  per  cent,  on  the  average. 
This  is  in  accordance  with  the  expectation  expressed  (by 
Herrn  von  Borries)  in  reporting  the  tests  made  on  the  pre- 
vious engines. 

In  regular  express  service  on  the  Stendal  division  between 
June  1  and  August  15  the  coal   consumption  per  train-mile 

'Zeltscbrltt  des  Verelns  Deutscber  Ingenieure  of-Nor.  22.  1902. 
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amounted  on  the  average  to  the  figures  given  below,  and  the 
individual  figures  did  not  show  any  great  variation: 

3  Four-cylinder    compounds 39.41  pounds 

2  Superheaters    40.15  pounds 

1  Two-cylinder  compound 39.80  pounds 

On  the  Halle  division  the  following  figures  were  obtained: 

Average  Consumption  per  Engine  Mile. 
Type  of  Engine.  Coal.  •  Water. 

Four-cylinder   compound 38.89  lbs.  270.7  lbs. 

Superheater    37.89  lbs.  226.9  lbs. 

The  power  of  both  types  was  practically  the  same. 

Taking  all  of  the  tests  of  express  engines  together,  the 
results  lead  to  the  following  conclusions:  The  four-cylinder 
compounds  run  very  quietly  and  evenly,  with  absolutely  no 
pound  in  the  machinery,  and  this  easy  riding  has  a  very  favor- 
able effect  on  the  comfort  of  the  crews,  who  for  this  reason 
prefer  these  engines  to  any  others.  The  cost  of  maintenance 
of  track  and  engines  should  also  be  favorably  influenced.  The 
power  developed  by  these  four-cylinder  compounds  was  cut 
down  considerably  by  the  dampness  of  the  steam,  and  it  would 
be  advantageous,  in  order  to  secure  greater  economy  with 
future  engines,  to  arrange  to  use  steam  superheated  to  about 
482  deg.  Fahr.  This  would  give  a  desirable  increase  of  power 
and  a  reduction  of  the  fuel  and  water  consumption. 

The  superheater  engines  showed,  as  was  noticed  above,  an 
increase  of  power  (lines  13  and  14)  in  comparison  with  the 
engines  tested  in  1901.  This  increase  amounted  to  about  15 
per  cent,  and  is  mainly  due  to  the  increase  of  the  cylinder 
diameter  from  18.11  ins.  to  20.47  ins.,  which  enabled  the  test 
trips  to  be  made  with  an  average  cut-off  of  15  per  cent,  of  the 
stroke  instead  of  26  per  cent.,  as  previously.  As  this  cut-off 
may  be  regarded  as  the  most  economical,  the  present  cylin- 
ders appear  to  give  the  best  possible  steam  distribution,  so 
that  no  further  increase  of  power  is  to  be  looked  for  with 
these  engines  while  single-expansion  cylinders  are  used.  The 
power  developed  per  pound  of  fuel  (line  18)  is  somewhat 
less  with  the  superheaters  than  with  the  four-cylinder  com- 
pounds, and  consequently  the  power  developed  per  pound  of 
total  engine  weight  cannot  be  greater  for  a  superheater  loco- 
motive than  for  a  four-cylinder  compound,  and  therefore  in 
my  opinion  it  will  not  be  practicable  to  build  superheater  loco- 
motives of  the  4 — 4 — 0  type  to  give  the  same  power  as  the 
4 — 4 — 2  and  4 — 6 — 0  type  four-cylinder  compounds,  which  with 
from  2,150  to  3,200  sq.  ft.  of  heating  surface  develop  from 
1,300  to  1,600  h.p.  The  increase  in  cylinder  diameter  increased 
the  piston  stroke,  which  consequently  gave  rise  to  a  consider- 
able shaking  of  the  engine,  which  was  very  unpleasant  for  the 
crew  and  bad  for  the  maintenance  of  the  machine. 

FREIGHT    ENGINES. 

The  eight-wheeled  eight-coupled  (0 — 8 — 0  type)  superheater 
freight  engines  were  thoroughly  tested  on  the  Saarbrucken 
division.  Pour  of  these  engines  and  four  compound  locomo- 
tives of  the  same  type  were  used  for  hauling  heavy  ore  and 
coke  trains  on  the  Mosel  Railroad.  The  maximum  loads  for 
the  grades  of  1  per  cent,  were  calculated  at  100  loaded  car 
axles  for  the  superheater,  weighing  121,700  lbs.,  and  90  axles 
for  the  compound,  weighing  116,800  lbs.  In  actual  service  the 
trains  averaged  107  axles  for  the  superheaters  and  100  for 
the  compounds.  The  coal  and  water  consumption  per  1,000 
loaded  axle-miles  averaged: 

Type  of  Engine.  Coal.  Water. 

Superheater 605  lbs.      4,092  lbs. 

Compound    565  lbs.     4,465  lbs. 

These  show  that  the  superheaters  worked  with  8.7  per  'cent, 
less  water  but  used  6.3  per  cent,  more  coal.  On  a  neighboring 
road  two  superheaters  consumed  663  lbs.  of  coal  per  1,000  axle- 
miles,  as  did  the  compounds,  so  that  no  saving  was  shown. 
If  the  compound  locomotives  had  been  of  the  same  weight 
and  had  had  piston  valves  like  the  superheaters  for  the  high- 
pressure  cylinders,  the  power  and  coal  consumption  for  full 
loaded  trains  would  probably  have  been  practically  the  same. 
The  results  as  they  stand  are  somewhat  surprising,  as  it 
was  to  be  expected  that  freight  service  was  just  where  the 
superheaters  would  make  a  particularly  good  showing,  owing 


to  their  better  adaptation  to  the  varying  tractive  power  and 
to  their  better  draught  with  four  exhausts  in  each  revolution. 
The  small  amount  of  economy  shown  in  the  water  consump- 
tion leads  one  to  suspect  steam  losses  which  might  be  due 
to  leakage  past  the  piston  valves. 

CONCLUSIONS. 

From  the  combined  results  of  all  these  tests  I  consider  it 
unwise  to  abandon  the  use  of  compound  cylinders  with  the 
introduction  of  superheated  steam.  On  the  contrary,  I  believe 
that  the  four-cylinder  compound  Ipcomotive  will  be  found  in 
every  way  the  most  appropriate  for  the  requirements  of  the 
future.  The  two-cylinder  single-expansion  engine  has  its  best 
opportunity  in  freight  service,  where,  on  account  of  the  low 
speed,  the  high  piston  pressure  is  less  injurious;  and  yet  even 
here  a  test  with  superheated  steam  and  compound  cylinders 
might  be  advisable. 

TABLE  OF  RESULTS  OF  TESTS. 
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The  sudden  death  of  W.  W.  Card  in  Pittsburg,  April  4.  brings 
a  shock  to  many  who  have  known  him  for  years,  and  it  has 
brought  tributes  from  all  directions  to  his  memory  as  one  of 
the  prime  movers  in  the  development  of  the  air-brake.  He 
was  in  his  72d  year,  having  retired  from  the  Westinghouse  Air 
Brake  Company  only  last  year.  He  entered  its  service  in 
1872,  became  secretary  in  1879,  and  was  closely  associated 
with  Mr.  George  Westinghouse  in  bringing  the  air  brake  to  its 
success. 
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METALLIC    TRUCK  FOR  PASSENGER   CARS. 
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LOCOMOTIVE    TESTS    ATCHISON,    TOPEKA    & 
SANTA    FE    RAILWAY. 
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ATCHISON,    TOI'KKA    &    SANTA    I'K    HAll.WAY. 


A  iiunilier  of  steel  passenger  car  trucks  have  been  l)rouKht 
out  within  a  few  years  in  an  effort  to  reduce  weight  and  com- 
plication. The  Lake  Shore  &  Michigan  Southern  metallic  truck 
(Amkhican  Enuinekb,  January,  1901,  rage  12)  has  given  good 
results  under  postal  cars,  where  it  has  replaced  six-wheel 
trucks,  and  the  riding  qualities  do  not  appear  to  be  inferior. 
If  four-wheel   trucks  can  be  made  to  ride  well,  there   is   no 


Now  that  the  wide  firebox  is  a  feature  of  so  large  a  propor- 
tion of  the  locomotives  being  built,  and  the  merits  of  com- 
pounding still  being  under  such  serious  discussion,  the  results 
of  some  tests  taken  under  the  most  favorable  conditions  for 
determining  the  relative  advantages  of  these  two  features  of 
locomotive  design  seem  worthy  of  consideration. 

The  tests  under  discussion  were  made  on  two  consolidation 
engines  having  identically  the  same  tractive  force,  viz.,  40,000 
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A  FOUR-WHEEL  METALLIC  TRUCK  FOR  PASSENGER  CARS. 

ATCHISON,   TOrEKV    &    SANTA    FE    RAILW.W. 


doubt  of  their  place  in  passenger  equipment  practice  in  the 
future. 

This  truck  employs  the  M.  C.  B.  5  ty  9  in.  axles.  Its  side 
pieces  are  8  in.  25i/Hb.  I-beams  with  cast  steel  truck  end 
sills  and  cast  iron  transoms.  The  truck  bolsters  and  equal- 
izers are  also  of  cast  steel.  The  method  of  spring  suspension 
is  clearly  indicated  in  the  drawing.  Cast  steel  gusset  connec- 
tions are  used  to  stiffen  the  attachments  of  the  end  sills  and 
transoms.  Other  details  of  construction  are  shown  in  the 
engraving.  The  weight  of  the  truck,  complete  with  brake 
rigging,  is  12,600  lbs.     It  is  equipped  with  roller  side  bearings. 

These  trucks  have  already  been  used  under  ten  baggage  and 
five  combination  baggage  cars  built  for  this  road  by  the  Pull- 
man Company  last  year,  and  they  will  also  be  used  under  ten 
similar  cars  now  being  built.  These  interesting  drawings 
have  been  received  from  Mr.  G.  R.  Henderson,  superintendent 
of  motive  power  of  this  road. 


lbs.,  one  engine  having  22  x  28-in.  simple  cylinders,  with  piston 
valves  and  a  narrow  firebox,  the  other  engine  having  tandem- 
compound  cylinders,  16  and  18  x  32  ins.  and  wide  firebox.  (See 
AMERICAN  Enuineeb,  June,  1902,  page  179).  Both  engines  car- 
ried 210  lbs.  of  steam  and  had  57-in.  drivers.  Below  is  a  com- 
parative  table   showing   the   leading   dimensions    of   the    two 

engines:  comparison  of  LocoMoxn-Es. 

Simple. 

cylinders     "2^10^^- 

Steam    pressure    ziu  los. 

Diameter  drivers    (outside)    ,.  ,  °'  1^'-  . 

Firebox     ^IVj  x  121  ins. 

Tubes — 

Number 


411 


Diameter 


2  ins. 


Length     13  £t.  6  ins. 

Wheel  Base — 

Ri2id     15  £t.  4  ins. 


Engine 


23  ft.  8  ins. 


Tot°al      .  : 53  tt.  5  ins. 

""■''^OnVrivers   .' ISO.OOO  lbs. 

p-n-ine  19 1. 000  lbs. 

Total,   engine   and   tender    309,900  lbs. 


Tand.-Comp. 

16  &  28  X  32  ins. 

210  lbs. 

57  ins. 

71 U  Jt  9"  ins- 

355 

2  ins. 

15  ft.  0  In. 

15  ft;.  4  ins. 

24  ft.  1  in. 

53  ft.  10  ins. 

174.000  lbs. 
199,200  lbs. 
316,700  lbs. 
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The  tests  were  made  on  a  heavy  grade  65.4  miles  long,  the 
first  49  miles  of  53  ft.  to  the  mile  and  the  last  16.4  miles  74  ft. 
to  the  mile.  It  was  a  dead  pull  the  whole  distance,  there  being 
no  "let-ups."  The  conditions  were  fair  in  both  cases,  the 
engines  steaming  well,  their  machinery  being  in  good  shape 
and  there  being  practically  no  leaking.  The  object  of  the  tests 
was  to  determine  the  coal  consumed  per  100-ton  miles,  and  the 
only  data  taken  beyond  the  general  conditions  were  the  coal 
burned  and  the  tonnage  handled. 

The  actual  coal  burned  per  trip  on  the  simple  engine  was 

about  25  per  cent,  greater  than   that   on  the   compound,   but 

the  difference  in  the  coal  burned  per  100-ton  miles  on  the  two 

engines,  which  is  the  true  measure  of  the  work  performed, 

was  greater  than  this,  due  to  the  compound  engine  handling 

from  150  to  250  more  tons  per  train  than  the  simple  engine. 

The  rating  for  the  two  engines  on  the  grades  mentioned  is  as 

follows: 

Simple.  Tand.  Comp. 

On   53-ft.    grade    1,050  tons  l.a.'io  tons 

On    74-ft    grade    850  tons  1.000  tons 

These  engines  made  with  this  tonnage  an  average  speed 
while  running  of  nearly  13%  miles  per  hour. 

Below  is  the  coal  consumption,  being  an  average  of  the 
tests  made: 

Simple.  Tand.  Comp. 

Coal  burned  per  100-ton   miles 30.9  lbs.  21.0  lbs. 

Difference    in    favor    of    tandem-compound    engine,    using 

simple  engine  as  a  basis    32.04  per  cent. 

It  would  be  interesting  to  know  how  much  of  this  saving 
was  due  to  the  wide  firebox,  increasing  the  eificiency  of  the 
boiler,  and  how  much  to  the  compounding.  But  as  such  in- 
formation would  be  very  expensive  to  secure,  involving  as  it 
does  long  series  of  tests  with  costly  changes  in  the  engine,  it 
would  probably  be  impossible  to  get  a  managing  official  to 
sanction  the  expenditure. 

We  are  indebted  to  Mr.  G.  R.  Henderson,  superintendent  of 
motive  power,  and  Mr.  R.  S.  Wickersham,  assistant  engineer 
of  tssts,  for  thio  interesting  information. 


MICA   METALLIC    PACKING. 


LIQUID    FUEL    BURNERS. 

"There  are  several  good  burners  in  the  market  and  many 
more  which  are  simply  mechanical  monstrosities.  Some 
burner  enthusiasts  are  often  heard  to  claim  that  they  could 
save  from  25  to  50  per  cent,  of  the  oil  used  by  any  other  burner. 
T«  show  the  unreasonableness  of  such  claims  it  is  enough  to 
direct  attention  to  the  fact  that  with  a  properly  set  stationary 
boiler  15  to  15%  lbs.  of  water  may  be  evaporated  from  and  at 
212  deg.  per  pound  of  oil,  containing,  say,  14,000  B.  T.  U.  per 
pound.  With  the  losses  due  to  stack  temperature  and  radia- 
tion, SO  per  cent,  of  the  theoretical  evaporative  duty  of  the 
fuel  is  about  as  good  as  we  can  get.  Taking  the  theoretical 
evaporation  of  our  oil  at  19.6  lbs.  of  water  per  pound  of  oil,  we 
have  15.6  lbs.  of  water  evaporated,  which  is  very  close  to  the 
result  stated,  the  loss  being  due  entirely  to  stack  temperature 
and  to  furnace  setting.  I  have  seen  very  few  burners  which 
would  not  atomize  well  enough  to  give  13  lbs.  evaporr  • ;  a,  and 
with  the  majority  14  to  15  lbs.  is  the  rule.  Now,  if  \.,3  inven- 
tor who  is  going  to  save  50  per  cent,  can  evaporate  even  13  lbs. 
of  water  with  one-half  pound  of  oil,  he  has  certainly  equalled 
the  solution  of  the  problem  of  perpetual  motion." 

This  paragraph  is  quoted  from  a  paper  entitled  "Liquid 
Fuel"  read  before  the  American  Society  of  Naval  Engineers  by 
Mr.  W.  D.  Hoffman,  associate  member  of  the  society.  It  is 
the  best  discussion  of  the  subject  we  have  seen,  because  it  pre- 
sents information  from  a  wide  experience  and  deals  with  prin- 
ciples. One  of  the  chief  of  these  is  the  necessity  for  such  fur- 
nace construction  as  will  permit  of  sufficient  length  of  flame  to 
insure  combustion  of  the  oil.  The  main  point  in  handling  oil 
fuel  is  the  construction  of  the  furnace.  Mr.  Hoffman  gives 
very  valuable  information  concerning  liquid  fuel  as  applied  to 
locomotives,  Mr.  Hoffman  In  this  paper  has  established  his 
position  as  an  authority  on  liquid  fuel.  It  is  a  matter  of  regret 
that  space  permits  of  only  a  brief  reference  to  it  here. 


As  steam  pressures  and  the  exactions  of  service  of  steam 
engines  of  all  types  increase,  the  matter  of  good  valve-stem 
and  piston-rod  packing  becomes  correspondingly  more  impor- 
tant. This  is  particularly  true  of  locomotive  service,  where 
mileage  in  times  of  stress  of  business  depends  largely  upon 
the  efficiencies  of  relatively  small  details  of  design  and  con- 
struction. 

Mica  metallic  packing  has  been  developed  to  meet  the  re- 
quirements of  engines,  pumps,  steam  hammers,  air  com- 
pressors;    in  fact,  for  every  form  of  rod  packing,   and  espe- 


cially upon  locomotives.  It  is  reported  to  be  giving  good 
results  in  all  of  these  services.  It  is  made  In  the  form  of 
rings,  and  the  following  advantages  are  urged  In  its  favor: 

It  is  intended  to  work  equally  well  with  or  without  lubrica- 
tion, and  this  is  specially  important  for  packing  in  inaccessible 
places.  This  is  a  pliable  material  and  fits  the  rod  by  virtue  of 
the  compression  of  the  gland,  and  is  not  dependent  upon  the 
actual  fitting  of  the  packing  because  of  its  form.  It  is  said 
that  the  packing  need  not  be  removed  from  the  rod  when  worn 
so  that  it  blows.  The  remedy  is  to  add  another  ring.  This 
packing  is  stated  to  be  self-adjusting  to  fit  worn  or  fluted  rods, 
so  that  it  will  by  the  pressure  of  the  gland,  be  compressed  to 
fit  all  openings.  A  packing  which  becomes  hard  in  service 
may  require  chipping  for  removal.  It  is  claimed  that  this 
packing  always  remains  soft,  so  that  it  may,  if  necessary,  be 
blown  out.  Packing  which  will  fulfill  these  requirements  has 
strong  claims  for  the  attention  of  railroad  officers.  The  manu- 
facturers are  the  American  Metallic  Packing  Company,  Wil- 
liamson building,  Cleveland,  Ohio. 


BLUE    LEAD    AS    A    PIGMENT    FOR    PAINTS. 


An  argument  in  favor  of  graphite  as  a  pigment  for  paint 
has  been  received  from  the  manufacturers  of  a  successful 
paint.     It  is  reproduced  as  follows: 

When  pure  linseed  oil  ie  applied  to  a  wood  or  metal  surface 
and  is  allowed  to  remain  a  sufficient  time,  it  leaves  a  tough 
film  over  the  surface.  This  film  is  full  of  minute  pores.  That 
this  coating  may  exclude  moisture  and  corrosive  gases  from 
the  covered  surface  these  minute  pores  must  be  closed.  Pig- 
ments are  put  into  paint  for  this  purpose.  The  substance 
that  can  most  completely  close  the  pores  of  this  oil  coating, 
that  is  itself  the  most  indestructible  and  that  does  not  have 
an  injurious  effect  upon  the  surface  to  be  protected,  makes 
the  best  paint,  provided  its  specific  gravity  be  right. 

Red  lead  is  very  heavy.  For  this  reason  it  malies  a  good 
coat  for  the  top  of  horizontal  surfaces  and  is  really  unsuited 
for  all  others.  The  weight  of  the  particles  makes  the  pigment 
settle  through  the  film  of  oil  and  causes  the  paint  to  stick 
closely  to  top  surfaces.  Red  lead  will  streak  on  vertical  sur- 
faces and  is  unsuited  for  use  on  under  sides.  Another  very 
grave  difficulty  with  this  pigment  is  that  it  is  impossible  to 
keep  It  from  settling  and  hardening  in  the  package  after  it 
is  mixed  without  the  introduction  of  material  injurious  to  the 
quality  of  the  paint  produced. 

Graphite  is  a  very  light  pigment  and  Is  most  admirable 
for  under  sides  and  vertical  surfaces,  where  it  makes  a  closely 
adherent  coating.  On  upper  surfaces  it  Is  not  equal  to  red 
lead,  as  the  pigment  rises  to  the  top  of  the  oil  film  in  such 
cases.  Iron  oxides,  or  metallic  paints,  as  they  are  popularly 
called,  are  not  to  be  relied  upon  unless  the  chemical  composi- 
tion of  the  pigment  is  accurately  known.  In  many  cases  so- 
called  Iron  oxide  paints  accelerate  rather  than  retard  the  cor- 
rosion of  steel  structures. 

The  pigment  which  Is  believed  by  these  manufacturers  to 
most  nearly  fill  the  requirements  of  a  perfect  paint  is  made 
by    a   special   sublimation    process    from    native    high-grade 
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galena.  In  color  it  is  a  dark  steel  blue.  It  is  of  such  a  fluffy 
tineness  and  it  has  such  an  avidity  for  oil  that  the  paint  when 
dry  makes  a  hard,  onamellikc  coating.  That  the  pores  of  the 
oil  film  are  closed  absolutely  by  this  pigment  is  evident  from 
the  long  and  trying  tests  this  paint  has  endured  without 
injury.  The  pigment  itself  is  chemically  durable  and  is  proof 
against  any  acid  or  gas  encountered  in  practice.  It  is  neutral 
toward  metal  surfaces  and  is  entirely  non-corrosive.  The  spe- 
cific gravity  of  this  pigment  is  such  that  it  makes  a  smooth, 
uniform  mixture  and  never  settles  sufficiently  to  become  hard 
in  the  package.  Its  specific  gravity  lies  between  that  of  red 
lead  and  graphite  and  enables  it  to  be  used  with  most  satis- 
fying results  on  any  surface,  horizontal  or  other.  Its  fineness 
makes  it  an  exceptionally  smooth  and  pleasing  paint  to  apply. 
The  American  Graphite  Company,  of  Cleveland,  Ohio,  who 
manufacture  this  paint  under  the  name  of  "T.  A.  G."  Blue 
Lead,  say  they  believe,  from  the  tests  which  it  has  withstood, 
that  there  can  be  no  doubt  that  it  is  a  distinct  step  in  advance 
and  the  most  nearly  perfect  protection  yet  attained. 


We  are  interested  to  learn  that  the  Continental  Iron  Works, 
Brooklyn,  N.  Y..  have  recently  installed  a  system  of  alternating 
current  (two-phase)  power  distribution  to  replace  their  former 
direct  current  system.  Some  time  ago  a  small  trial  system  was 
installed  for  operating  a  portion  of  their  mach'niTy  by  induc- 
tion motors,  as  a  result  of  which  the  new  oystem  was  in- 
stalled, including  a  180-kw.  two-phase  alternatiJr,  a  five-panel 
switchboard,  eleven  induction  motors  of  from  5  to  20  h.p.  each, 
with  the  accompanying  auto-starter,  all  of  Westinghouse 
make.  The  company  some  time  ago  installed  an  alternator 
of  120  kw.  capacity,  and  they  also  have  quite  a  number  of  in- 
duction motors  in  use  driving  corrugating  and  bending  rolls 
for  making  Morrison  fire  boxes,  also  driving  fans,  shears,  tools 
in  the  machine  shop,  etc.  Some  of  the  motors  which  have 
recently  been  purchased  are  to  displace  direct-current  motors, 
and  this  after  a  thorough  and  careful  Investigation  of  the  sub- 
ject and  several  years'  trial  of  the  induction  motors.  We 
learn  also  that  the  Riter-Conley  Manufacturing  Company,  of 
Pittsburgh,  Pa,,  has  adopted  alternating-current  motors  ex- 
clusively for  power  distribution.  They  have  installed  three 
200  kw.  engine-type  Westinghouse  generators,  direct-connected 
to  Westinghouse  gas  engines  using  natural  gas.  Alternating 
current  motors  will  be  used  for  all  purposes.  Including  cranes, 
straightening  rolls,  etc. 


BOOKS  AND  PAMPHLETS. 

The    World's    Famous     Railway     Trains,      British     Expresses,     Etc. 
Reprinted    from    the   Locomotive    3[aga:inc.    London.       Special 
series.   Xos.    1   to  6.       S   x   11    portfolio,   h.iudsomely   illustrated. 
Artistically   bound  in   blue  and  silver.       Published  by   the  Loco- 
motive  Publishing    Company,    Ltd.,    London.       For   sale    by    the 
Derry-Collard  Co.,  2."iG   Broadway,  New  York.      Price  ?1.50. 
This  volume  is  a  reprint  of  a  series  of  special  illustrated  issues 
of  the  Lofomutire  Magaziiie  that  have  appeared  at  intervals  during 
the  last  few  years.     The  .striking  feature  of  these  special  edition.s 
is  the  profuse  illustrations  which  present  a  comprehensive  idea  of 
foreign  motive-power  and  rolling-stock  practice  which  it  would   be 
difficult  to  otherwise  obtain.     The  following  are  the  subjects  pre- 
.seuted  in   the  work  :     "British   Expresses,"  "The  World's   Famous 
Railway     Trains,"     "The    British     Express    Locomotive."     "Loco- 
motives  of    1000,"    "Locomotives   at   AVork."    "Cars   of   1900"   and 
"Locomotives  of  All  Nations."      Each  subject  is  treated  in  a  highly 
interesting    manner.      All    the    trains  illustrated    are    from    photo- 
graphs taken  when  under  full  speed,  while  the  comparative  works 
upon  locomotives  and  cars  show  principal  dimensions.     The  tj'po- 
graphical   work  is   beautifully  executed,  the  engravings   are   large 
and  clear,  and  several  colored  supplement^!  are  included.     To  those 
interested  in  foreign  locomotives  or  in   typical   railway   views  we 
heartily  commend   this   interesting  volume. 


Continuous-Current     Dynamos     and   Motors,    and   Their    Control. 
By  W.   R.   Kelsey.  B.    Sc,  A.  I.   E.   E.      440  pages,  fully   illus- 
trated.    The  Technical  Publishing  Company.  Ltd..  .^5  Chancery 
Lane.  W.  C.  London,  1003.      Price  .5s. 
The  first  portion  of  this  volume  is  a  reprint  of  a  series  of  articles 

that  appeared  in  the  Practical  Engineer,    London,    for    which    the 


author  is  in  no  way  responsible.  In  this  portion  an  excellent 
lreati.se  on  ftie  basic  principles  of  electricity  Is  pn^ented.  The  ob- 
ject of  the  work  is  to  indicate  the  ways  In  which  the  principles  are 
applied  in  the  diwign  and  conHtruction  of  dynamos  and  motors. 
Particular  stress  is  laid  upon  the  me<lianical  points  involved  in 
.such  work,  for  which  this  book  Is  of  unusual  value.  One  of  the 
Iirincipal  features  of  this  book  is  the  very  complete  treatment  of 
electric  traction,  with  reference  to  the  motors  and  their  gears. 
Flux-speeu-torfjue  curves  are  presented  which  are  of  especial  value, 
and.  also,  the  subject  of  railway  controllers  is  treated  in  a  very 
comprehensive  manner.  '  This  volume  will  be  appreciated  by  all  in- 
terested in  electric  railway  practice. 


Engineering  Contracts  and  Specifications.  By  J.  B.  .Tohnson., 
Third  edition  revised.  Fourth  thousand.  Engineering  News 
Publishing  Company.  New  York.  1902.  Price,  $.'{.00. 
Typographically  this  edition,  like  the  others,  leaves  .something  to 
be  desired,  but  this  does  not  very  seriously  affect  the  value  of  the 
substance.  In  this  revised  edition,  Part  I,  "Synopsis  of  Law  of 
Contracts."  and  Part  II,  "The  General  Treatment  of  Engineering 
Specifications  and  Accompanying  Documents,"  124  pages,  appears 
to  be  unchanged.  Part  III,  "Specific  Description  of  Technical 
Clauses  In  .Specificatioas,"  has  undergone  revision  and  certain 
parts  have  been  rewritten,  the  changes  being  mainly  in  the  new 
specificatiorLs  for  "First-Class  Ma-sonry,"  "Cast  Iron  Water  Pipes," 
"Riveted  Steel  Water  Pipes,"  "Wooden  Stave  Pipes,"  "Wrought 
Iron  Chains,"  "Street  Pavements  and  Materials"  (mainly  brick), 
and  "Rules  Governing  Inspection  and  Measurements  of  Lumber 
in  St.  Louis."  These,  in  part,  are  substituted  for  other  subjects,  so 
that  little  increase  in  amount  results.  Part  IV,  "Illustratejl 
Examples  of  Complete  Contracts  and  Specifications,"  show  an 
increase  of  1.30  pages  from  the  first  edition  and  is  new  in  a  very 
considerable  degree — although  it  goes  without  saying  that  a  number 
of  the  old  specifications  are  still  so  good  that  nothing  better  in 
their  line  could  well  be  substituted.  Altogether  the  book  Ls  dis- 
tinctively more  valuable  than  the  earlier  editions.  For  the  frontis- 
piece there  is,  very  appropriately,  an  excellent  portrait  of  Professor 
Johnson,  whose  last  work  previous  to  his  death  by  accident  was 
the  preparation  of  the  manuscript  for  this  revision. 


Fan  Motors. — A  new  catalogue  has  been  received  from  the  West- 
inghouse Electric  and  Manufacturing  Company,  describing  and 
illustrating  alternating  and  direct-current  fan  motors.  It  de- 
scribes a  number  of  tj-pes  of  these  convenient  machines  and  by 
means  of  excellent  engravings  impresses  the  reader  with  the  desire 
to  have  one  of  these  upon  his  desk.  Several  important  improvements 
are  incorporated  in  the  designs  presented  this  year,  indicating  the  char- 
acteristic eflfort  constantly  made  by  the  Westinghouse  Comi)any  toward 
jjerfection  of  their  apparatus.  ^ 


Record  of  Recent  Construction  No.  41,  issued  by  the  Baldwin 
Locomotive  Works,  contains  photographs  of  a  number  of  notable 
trains  hauled  by  Vauclain  compound  locomotives,  constructed  at 
these  works.  Among  the  number  are  the  "Atlantic  City  Flyer" 
ot  the  Philadelphia  &  Reading,  the  "Alton  Limited."  the  "Ovet- 
land  Limited"  of  the  Union  Pacific,  the  "Overland  Limited"  of  the 
.Southern  Pacific,  the  fast  mail  of  the  Burlington  and  a  number 
of  other  fast  and  notable  trains.  It  is  typogi-aphically  a  very  attrac- 
tive issue  of  this  series,  and  presents  an  interesting  record  of  the  Vauclain 
compound  in  fast  passenger  ser^-ice. 


"A  Portfolio  of  Rare  Views"  is  a  work  of  art  issued  by  thi?  pas- 
senger department  of  the  Boston  &  Maine  Railroad,  which  forms 
one  of  the  series  of  pamphlets  of  views  of  beautiful  New  England 
scenery  on  the  line  of  this  road.  This  portfolio  contains  thirty- 
three  reproductions  of  photographs  of  scenery  on  the  Fitchburg 
division,  presenting  a  panorama  of  the  delightful  Hoosac  cotmtry 
and  Deerfield  Valley.  It  abounds  in  waterfalls  and  mountain  views 
of  one  of  the  most  attractive  regions  in  the  world.  The  title  of  the 
pamphlet  is  "The  Charles  River  to  the  Hudson."  It  will  be 
mailed  to  any  address  upon  receipt  of  6  cents  in  stamps  by  Mr. 
D.  J.  Flanders,  general  passenger  and  ticket  agent,  Boston  &  Maine 
Railroad,  Boston,  Mass.  The  complete  set  of  six  portfolios  of 
views  on  this  line  may  be  had  for  36  cents.  They  are  kept  upon 
the  library  table  at  the  home  of  the  writer  of  this  notice  and  are 
thoroughly  worthy  of  such  a  place  because  of  their  beauty  and 
their  suggestiveness  of  the  benefits  to  be  had  by  busy  men  in  out- 
ings in  God's  open  air  in  New  England. 
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llorizoutal  Boring.  Drilliug  and  "Slilliug  Macliines. — The  maoliiue 
niols  of  this  type  made  by  the  Niles  Tool  Works,  Bement-Miles 
Works  ami  tlie  I'ratt  &  Whitney  Works  are  attractively  presented 
in  a  beautiful  catalogue  recently  issued  by  the  Niles-Bement-Poud 
Company,  New  Xork.  The  book  is  devoted  to  floor-plate  tools  of 
this  class,  designed  for  work  too  large  to  be  handled  on  machines 
of  other  tyi)es.  It  is  profusely  illustrated,  and  the  descriptions 
are  supidemeuted  at  the  rear  of  the  book  by  illustrations  of  these 
uuichiues  at  work.  A  variety  of  examples  are  shown  Avhere  pieces 
of  odd  shapes,  and  awkward  to  handle,  are  being  drilled,  faced, 
milled,  etc..  all  at  one  setting  of  the  casting.  This  is  a  work  of 
value,  and  will  be  of  interest  to  u.sers  of  large  tools. 


I'ortable  Tools  for  Railway  Shops. — A  new  catalogue  issued  by 
II.  B.  Underwood  &  Co.,  1025  Hamilton  street,  Philadelphia,  pre- 
sents illustrated  descriptions  of  a  line  of  special  machinery  which 
has  become  indispen.sable  in  railroad  shops.  This  department  is 
under  the  direct  supervision  of  Jlr.  D.  W.  Pedrick,  formerly  of  the 
I'edrick  &  Ayer  Company,  who  has  spent  many  years  in  designing 
and  building  these  tools.  The  pamphlet  describes  portable  cylinder 
lun-iug  bars,  special  boring  bars  for  comiiound  locomotives,  Corfes 
valve  seat  boring  bars,  boring  bars  for  lathe  work,  portable  facing 
arms,  attachments  for  taper  boring,  rotary  valve  seat  planing  ma- 
chines, portable  milling,  crank  pin  turning  machines  and  a  radius 
planer  attachment  for  planing  links  and  circular  W(uk  on  ordinary 
planers.  The  plant  of  the  company  is  the  L.  B.  Flanders  Machine 
Works,  established  in  1870. 


Specialties  in  Oar  Shop  Machinery. — A  new  catalogue  of 
woodworking  machinery,  built  with  special  reference  to  the  re- 
quirements of  railroad  car  shops,  has  been  Lssued  by  the  S.  A. 
Woods  Machine  Company  of  South  Boston.  Mass.  It  is  not  ofEi'red 
as  a  complete  reference  hook,  but  is  intended  to  acquaint  car  build- 
ers with  the  latest  productions  of  this  company.  The  pamphlet 
describes  a  number  of  the  latest  developments  of  well-known  types 
of  machinery  for  car  shops,  for  both  heavy  and  light  work.  It  also 
includes  specialties,  such  as  pneumatic  pulle.vs,  cutter  caps,  ad- 
justable knife  setting  gages  and  self-oiling  pulleys,  and  illustrates 
a  direct  motor  connection,  as  applied  to  a  Woods  heavy  car  sill 
I)laner  or  timber  dre.sser.  This  company  is  prepared  to  furnish 
any  of  its  machines  arranged  for  motor  driving.  This  method 
eliminates  all  line  shafting,  belts  and  pulleys,  and  saves  a  large 
loss  of  power  from  these.  The  catalogue  is  well  arranged  and 
shows  the  work  of  one  who  \niderstands  the  needs  of  modern 
railroad  shops. 


EQUIPMENT  AND  MANUFACTURING  NOTES. 


The  Pressed  Steel  Car  Company  has  removed  its  general  offices 
in  Pittsburg  from  the  Tradesmen's  Building  to  far  more  commo- 
dious quarters,  occupying  an  entire  floor  in  the  Farmers'  Bank 
Building,  the  step  having  become  necessary  because  of  the  large 
increase  in  busine.ss. 


A  contract  for  the  largest  interlocking  installation  ever  placed 
in  this  country,  and  probably  much  the  largest  in  the  world,  has 
ricently  been  given  to  the  Union  Switch  &  Signal  Company  for 
the  St.  Louis  Terminal.  The  Westinghouse  electro-pneumatic  sys- 
tem will  be  adopted,  and  the  contract  calls  for  2.58  working  levers, 
with  51  spare  levers,  which  will  perform  748  functions. 


The  American  Blower  Company,  of  Mi-troit,  Mich.,  are  furnish- 
ing the  heating  apparatus  for  the  new  roundhouse  of  the  Canadian 
Pacific  Railway  at  Ft.  William.  This  company  has  found  it  neces- 
sary to  open  two  additional  offices  in  tJie  East.  One  is  at  61,5 
Hale  Building,  Philadelphia,  under  charge  of  Mr.  Benjamin  Adams, 
and  the  other  is  in  the  Frick  Building,  Pittsburgh,  in  charge  of 
Mr.  H.  P.  Curtiss. 


H.  P..  Underwood  &  Co..  Philadelphia,  Pa.,  recently  built  a 
liortable  craukpin  turning  machine  large  enough  to  turn  off  pins 
while  in  position  up  to  15  ins.  in  diameter  by  13  ins.  in  length. 
This  is  probably  the  largest  portable  crankpin  turning  machine 
ever  built.  It  was  made  on  the  same  general  lines  as  the  regular 
portable  crankpin  turning  machine,  for  the  manufacture  of  which 
this  company  is  well  known. 


The  American  Steam  Gauge  and  Valve  Manufacturing  Company. 
Boston,  Mass..  and  the  Mowry  &  Phillips  Company  have  heconie 
merged  under  the  corporate  name  of  the  first  mentioned  concern,  a 
corporation  organized  under  the  lji~\vs  of  New  Jersey.  The  otficers 
are  as  follows:  John  McCandlish,  president;  M.  Briggs  Phillips, 
vice-president ;  J.  L.  Weeks,  treasurer  and  general  manager ;  K.  B. 
Phillips,  secretary. 


The  Columbus  Steel  Rolling  Shutter  Company,  Columbus,  Ohio, 
have  received  orders  for  their  rolling  shutter  equipment  from  the 
Hocking  Valley  and  Nashville.  Chattanooga  &  St.  Louis  railroads. 
Me.ssrs.  Flaherty  &  Co.,  warehouse.  Dayton,  Ohio;  Lane  &  Bodley, 
Dayton,  Ohio;  Frederick  Jaeger,  warehouse,  Columbus,  Ohio;  W. 
Tomlinson.  architect,  Chicago,  111.,  and  C.  D.  Finley,  for  the  ware- 
house of  *he  Mutual  Realty  Company,  of  St.  Louis,  Mo.  Their 
business  is  rapidly  increasing. 


Tile  Commonwealth  Railway  Supply  Company,  Chicago,  III.,  has 
recently  been  formed,  with  offices  in  the  Monadnock  '  block,  to 
lumtlle  railroad  mecluvnical  supplies.  Mr.  E.  B.  I'ickhardt,  who  is 
well  known  for  his  wide  experience  in  the  railway  supply  business. 
is  president  of  the  company.  The  firm  will  handle  rolled  steel  and 
malleable  iron  tie  plates,  merchant  iron  and  structural  shapes,  S 
and  M  brake  shoes,  the  llayward  digging  machinery.  Western  Hr 
ties,  the  National  fireproof  paints,  etc. 


The  Chicago  Pneumatic  Tool  Company  has  sent  us  a  copy  of  a 
telegram  from  their  patent  counsel  in  New  Y<u-k  affirming  the  in- 
junction previously  granted  against  the  Philadelphia  Pneumatic 
Tool  Company  and  sustaining  the  claims  of  the  Chicago  company 
for  infringement  of  their  patents.  We  quote  as  follows :  "A 
point  of  special  importance  to  the  users  of  pneumatic  tools  is  that 
this  opinion  of  the  Circuit  Court  of  Appeals  establishes  the  Chi- 
cago company's  right  to  an  injunction  against  all  users  of  the 
Philadelphia  company's  infringing  tools." 


The  rapid  encroachment  of  the  gas  engine  upon  the  hitherto  ex- 
clusive field  of  its  competitor,  the  steam  engine,  is  well  illustrated 
in  the  installation  now  operating  in  the  plants  of  the  Riter-Conley 
Manufacturing  Company  at  Allegheny  and  Leet-sdali',  Pa.,  aggre- 
gating l.CiOO  h.p.  in  Westinghouse  gas  engines  of  the  vertical  single- 
acting  type.  Three  of  thafengines  are  28  h.  p.,  and  are  direct- 
connected  to  polyphase  generators  arranged  for  parallel  operation. 
These  gencl-ators  supply  current  for  light  and  power  in  the  new 
shops  at  Leetsdale.  The  remaining  engines  are  employed  for  driv- 
ing air  compressors,  pumps,  etc.  The  gas  engine  is  relied  upon  at 
both  works  for  the  entire  power  supply. 


Messrs.  G.  S.  Wood  &  Co.,  Chicago,  manufacturers  of  the 
"Acme"  Car  Vestibule  diaphragm,  have  opened  an  Eastern  office 
at  39  Cortlandt  street.  New  York  in  charge  of  Mr.  Fred  F.  Ben- 
nett, general  Eastern  sales  agent.  Mr.  Bennett  is  well  known  in 
railroad  circles  not  only  through  his  connection  with  this  company, 
but  by  reason  of  his  long  connection  with  the  railroad  press,  the 
American  Steel  Casting  Company  and  the  Chicago  I'neumatic  Tool 
Company.  These  diaphragms  have  come  Into  very  g<'neral  use,  as 
they  are  claimed  to  be  much  more  durable  than  those  made  of  rub- 
ber, while  costing  half  as  much.  Samples  and  all  information  may 
be  had  and  samphB  seen  at  above  addre.ss. 


The  Chicago  Pneumatic  Tool  Company  announces  a  very  satis- 
factory condition  of  business  and  tendencies  toward  a  greatly  in- 
creasing demand  tor  their  products.  A'arious  receipt  develoimients 
in  the  pneumatic  tool  industry  are  increasing  the  prosperit.v  of  the 
company.  Among  these  is  the  successful  issue  of  recent  patent 
litigation  against  competitors  for  patent  infringement.  One  of  the 
most  noticeable  results  is  an  increase  in  exclusive  contracts  re- 
cently secured,  whereby  this  company  will  furnish  the  entire  pneu- 
matic tool  equipment  for  certain  concerns  and  railroads  for  certain 
periods  of  time.  A  nu;uber  of  such  contracts  have  recently  been 
signed,  among  them  being  one  with  the  American  Car  Foundry 
Company.  Some  of  these  contracts  were  held  up  pending  the  de- 
cision of  the  infringement  suit  referred  to.  A  long  list  of  firms 
and  railroads  has  been  received,  indicating  recent  large  scale 
purchases  of  pneumatic  machinery. 
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A    NEW    MULTIPLE-SPINDLE    DRILLING    MACHINE. 


FOu  DiiiLLiNci  Muu  Rings  fok  Looomotivks. 


PRENTICE    BUOS.     COMPANY. 


The  accompanying  engraving  is  an  iliuHtration  of  a  new  12- 
spindle  drilling  machine  for  drilling  mud  rings  that  has  re- 
cently been  built  for  the  American  l^ofomotive  Company  by 
Prentice  Bros.  Company,  Worcester,  IVIass.  It  embodies  a  new 
design  and  several  points  of  interest. 

The  spindle  heads  are  mounted,  three  each,  upon  four  in- 
dependent saddles  spanning  the  cross  rail  of  the  machine. 
The  heads  upon  each  saddle  are  each  adjustable  thereupon  by 
a  racli  and  pinion  to  vary  the  distances  between  drilling 
spindles,  and  also  each  saddle  has  an  independent  lateral 
traverse  upon  the  cross  rail  by  a  rack  and  pinion  and  ratchet 
lever.  The  four  saddles  may  also  be  coupled  up  together,  so 
as  to  constitute  a  continuous  surface  upon  which  the  spindle 
heads  may  be  adjusted  to  drill  holes  in  a  line  on  equidistant 


centers.     When    coupled    the   saddles    all    have    a    universal 

traverse. 

Each  drill  spindle  has  the  independent  quick  approach  and 
return  movement,  for  which  the  Prentice  Bros.  Company's 
diilla  are  so  well  known,  and  has  also  a  stop  motion  by  which 
it  can- be  set  to  drill  automatically  to  any  depth  and  then 
release.  The  spindles  are  universally  driven,  through  clutches 
for  disengaging  any  one,  and  have  four  changes  of  driving 
speed  and  four  feed  changes.  The  spindles  are  raised  and 
lowered  collectively  by  a  lever  and  the  feed  thrown  in,  or 
changed,  all  from  the  end  of  the  machine. 

SPKCIFICATIONS      OF      PRENTICE      BR08.'      MUD      BI.NG      DRtM,  : 

.Minimum  distance  between  spindles   p  ins. 

Maximum   distant'e  between   spindles    8  ins. 

Maximum   distance   betwen    outside    spindles    134  Ins. 

Traverse    of    spindles     14  Ins. 

.Maximum   distance,   spindles   to  table    16  Ins. 

Distance   between    bousings    112  Ins. 

Iiistance   from  "floor  to  top  of  table   .SO  Ins. 

Diameter   of   spindles    In   bearings    2  '4  Ins. 

Floor  space 212  Ins.  x  60  Ins. 

Weight    18.500  lbs. 

Capacity    y Twelve   1-incrh   holes    in   steel 


NEW  12-SPINDLE  MUD  RING  DRILLING  MACHINE. 

PRENTICE    BROS.    COMPANY. 


THE    SAFEST    PLACE    IN    A    TRAIN. 


Under  certain  circumstances  the  safest  place  for  a  passen- 
ger is  in  the  firebox  of  the  locomotive.  But  the  circumstances 
are  important.  A  locomotive  was  being  hauled  in  a  freight 
train  from  the  builders'  works  to  be  delivered  to  a  Western 
road,  and,  as  is  customary,  it  was  in  charge  of  a  messenger. 
As  there  was  no  Pullman  sleeper  on  that  freight  train,  the 
messenger,  according  to  his  habit,  rolled  himself  up  in  his 
blanket  and  bunked  in  the  firebox  of  his  charge,  with  the 
grate-bars  for  a  mattress  and  his  boots  for  a  pillow.  One 
night  something  happened.  The  train  was  ditched  and  his 
bedroom  rolled  over,  down  a  high  hill  and  into  the  valley. 
Those  who  saw  it  said  that  he  crawled  out  of  the  fire-door 
rubbing  his  eyes  and  asking  why  the  train  stopped  so  sud- 
denly. Our  friend  declares  that  he  will  never  again  ride  in 
anything  but  his  bomb-proof  stateroom. 


ers  in  everyday  operation  is  at  least  open  to  question.  It  is 
certain  that  before  deciding  to  install  any  particular  one,  the 
purchaser  should  know  just  what  fuel  he  wants  to  use,  what 
its  peculiarities  are,  and  how  it  is  likely  to  act  in  the  furnace 
under  consideration.  If  too  poor  in  quality  it  may  be  impos- 
sible to  burn  it  on  a  chain  grate,  while  if  the  ash  fuses  and 
clinkers  badly  it  may  be  totally  unadapted  to  other  types." 
The  chief  difficulty  in  the  tests  referred  to  was  the  formation 
of  clinkers,  which  are  very  difficult  to  handle  in  connection 
with  automatic  stokers.  With  coal  which  clinkers  badly  it 
may  be  actually  cheaper  to  waste  a  portion  in  unconsumed 
state  in  the  ash  rather  than  attempt  to  burn  it  all  with  a  high 
furnace  temperature. 


Tests  of  mechanical  stokers  recorded  in  a  recent  issue  of 
Engineering  News  leads  a  writer  in  that  journal  to  remark 
that  "it  seems  that  the  economy  claimed  for  mechanical  stok- 


Among  the  passengers  on  board  the  White  Star  liner  Celtic  re- 
cently was  a  party  of  ofBcials  of  the  L.Tiica.shire  &  Yorkshire  Rail- 
way. The  party  consists  of  Jlr.  J.  T.  Tatlow.  locomotive  depart- 
ment manager ;  Mr.  G.  Banks,  freight  traffic  superintendent :  Mr. 
,Tolm  Wharton,  freight  traffic  manager,  and  Mr^  F.  Dale,  chief  ac- 
countant. The  oliject  of  their  visit  is  to  study  the  railway  situation 
in  the  United  States.  Tliey  will  spend  several  weeks  on  this  side, 
at  present  stopping  at  the  Waldorf-Astoria. 
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AN    EXTRA    HEAVY    AXLE    LATHE. 


BEMENT,    MILES    &    CO. 


The  accompanying  engraving  presents  a  view  of  an  extra 
heavy  axle  lathe  which  was  recently  furnished  to  the  Howard 
Axle  Company  by  the  Bement-Miles  works  of  the  Niles-Bement- 
Pond  Company,  New  York.  This  is  an  axle  lathe  of  the 
central-drive  type  and  embraces  the  very  heaviest  construc- 
tion, it  having  been  specially  designed  for  extremely  heavy 
cutting  with  the  high-grade  air-hardening  tool  steels. 

It  will  swing  15  ins.  over  the  carriage,  8  ft.  4  ins.  between 
centers.    The  revolving  head  has  12-in.  hole  through  the  center 


formerly  owned  by  the  Troy  Steel  Company,  part  of  which  they 
have  been  operating  under  lease  for  the  past  three  years.  The 
property  has  a  dock  frontage  on  the  Hudson  River  and  the  New 
York  Central  Railroad  runs  through  it.  A  new  side-track  has  just 
bcpu  completed  from  the  New  York  Central  Company's  tracks 
around  the  rolling  mill.  The  Wynantskill  Brook  runs  across  the  en- 
tire plot,  giving  an  excellent  and  constant  supply  of  fresh  water. 
The  plant  will  hereafter  be  known  as  the  Albany  Iron  and  Steel 
Works  Department,  of  the  Continuous  Rail  Joint  Company  of 
.\merica.  The  output  of  the  products  of  the  company  will  be 
sreatly  increased.  It  is  well  known  through  railroad  circles  that 
llio  Continuous  Rail  .Toints  are  universally  liked  and  that  15,000 
miles  of  railroad  track  have  been  equipped  with  this  appliance.  The 
general  offices  have  always  been  and  will  remain  in  Newark,  N.  J. 


.V   VERY   HEAVY   nEME.NT-.M  II.ES    AXI.E    l.ATIIE   I'OI!   THE   HOWAUl)     AXl.E  CO.Ml'ANY. 


and  is  driven  by  two  large  spur  gears  (encased)  engaging 
with  pinions  on  the  shaft  in  the  bed.  One  side  of  the  head 
carries  a  steel-faced  driver,  arranged  to  equalize  the  thrust  on 
each  end  of  the  carrier  dog.  The  carriages  are  very  heavy  and 
strong  and  are  automatically  fed  by  friction  discs,  the  amount 
being  variable  while  machine  is  running. 

The  machine  is  run  at  one  speed  only,  that  being  close  to  the 
limit  set  by  the  cutting  tools.  The  heavy  duty  obtained  from 
this  machine  may  be  understood  when  it  is  known  that  the 
driving  pulley  is  42  ins.  in  diameter  and  is  driven  by  a  10-in. 
belt,  the  driven  speed  being  360  rev.  per  min.  The  power  re- 
quired to  drive  it  is  upwards  of  60-h.  p.  As  may  be  seen,  four 
cutting  tools  are  used,  all  cutting  at  the  same  time. 


Mr.  A.  M.  Baird  has  recently  been  appointed  to  represent 
the  Falls  Hollow  Staybolt  Company,  Cuyahoga  Falls,  Ohio,  in 
Topeka,  Kan.,  and  vicinity.  Mr.  Baird  was  formerly  boiler- 
maker  at  the  Atchison,  Topeka  &  Santa  Fe  Railway  shops  at 
Topeka,  and  has  also  been  in  the  employ  of  several  of  the  lead- 
ing western  railroads  in  the  capacity  of  foreman  boilermaker. 
He  is  the  inventor  of  several  compressed  air  tools,  among  them 
the  well-known  Baird  staybolt  nipper. 


The  Allis-Chalmers  Company  inform  us  that  at  the  last  meeting 
of  the  board  of  directors,  held  in  New  York,  April  15.  the  regular 
quarterly  dividend  of  1%  per  cent,  was  declared  on  preferred  stock. 
They  also  state  that  the  volume  of  business  on  the  books  of  the 
company  to-day  far  exceeds  that  of  any  time  since  the  organization 
of  the  company,  notwithstanding  the  fact  that  the  output  of  the 
pliints  has  been  increased  to  a  large  extent.  There  seems  to  be  an 
unlimited  demand  for  all  kinds  of  high  grade  machinery,  which  is 
certainly  a  good  indication  that  the  prosperity  is  enjoyed  in  nil 
lines  of  manufacture. 


Messrs.  George  G.  Frelinghuysen  and  Frederick  T.  Fearey,  rep- 
resenting the  Continuous  Rail  Joint  Company  of  America,  have 
concluded  the  purchase  of  about  twenty  acres  of  land  at  Troy.  N.  Y.. 
with  the  rolling  mills,  machine  shops  and  numerous  other  buildings 


WASHBURN    DOUBLE-MOVEMENT    TENDER    AND 
PILOT    COUPLER. 

A  new  coupler  for  tenders  and  the  pilots  of  locomotives  has 
been  developed  by  the  Wasffburn  Coupler  Company  of  Minne- 
apolis, Minn.  It  is  specially  designed  for  switching  loco- 
motives and  resembles  in  its  general  features  the  well-known 
flexible  head  pilot  coupler  of  this  company.  It  has  the  side 
movement  of  the  draw-bar  and  also  a  movement  of  the  head  in 
the  bar,  thereby  giving  a  large  amount  of  play  to  the  head  of 


THE    WASHBURN    TENDER    AND    PILOT    COUPLER. 

the  coupler.  It  is  said  to  provide  greater  movement  than  any 
other  device  of  the  kind  on  the  market.  The  material  is  cast 
steel,  except  the  pins.  It  is  heavy  and  very  strong.  In  coupling 
on  ordinary  curves  the  head  will  turn  far  enough  to  couple 
without  difficulty  and  in  cases  of  extraordinary  curvature  the 
intermediate  bar  swings  far  enough  to  one  side  to  allow  the 
couplings  to  come  together.  Upon  passing  again  to  the  straight 
track  the  springs  center  the  Immediate  bar  to  its  normal  posi- 
tion. 

The  manufacturers  desire  to  direct  attention  to  the  fact 
that  there  are  other  devices  for  this  purpose  upon  the  market 
which  are  infringing  upon  their  patents. 


June,  1901 
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RAILWAY    SHOPS. 


BY    li.    H.    SOULE. 


V. 


The  Btni.Ki!   Siiiir  and  Tiiii  Smith   Shop. 


As  in  the  raso  of  tlie  macliino  Bhop.  the  boiler  shop  does  not 
admit  of  classification  into  a  few  types;  a  great  variety  of 
cross  sections  may  be  used,  and  many  combinations  of  length 
and  width;  the  requisites  are  floor  space  in  proper  proportion 
to  the  number  of  locomotives  to  be  handled,  proper  provision 
of  crane  facilities,  and  sufficient  tool  equipment.  Before  the 
introduction  of  the  overhead  traveling  crane  boilers  were 
moved  between  erecting  shop  and  boiler  shop  on  trucks  by 
transfer  table,  and  tracks  extending  into  the  boiler  shop  were 
a  necessity;  under  present  conditions  no  boiler  shop  need  have 
more  than  a  single  track  extending  into  it.  In  general,  the 
boiler  shop  floor  should  be  of  wood,  but  about  flange  fires  and 
forges  should  preferably  be  of  earth,  as  a  wood  floor  in  those 
places  will  burn  out  very  rapidly. 

In  any  locomotive  shop  it  would  be  an  advantage  to  have 
the  erecting  shop  and  the  boiler  shop  so  located  and  related 
that  they  could  have  joint  crane  service;  this  cannot  always 
be  accomplished,  however,  and  it  is  believed  that  there  is  not 
a  single  locomotive  construction  shop  so  arranged.  Among 
locomotive  repair  shops  several  cases  are  found,  for  instance: 
Koanoke,  Va.  (N.  &  W.);  Concord,  N.  H.  (B.  &  M.) ;  Dubois, 
Pa.  (B.  R.  &  P.) :  Elizabethport,  N.  J.  (C.  R.  R.  of  N.  J.) ;  Read- 
ing, Pa.  (P.  &  R.);  Topeka,  Kans.  (A.,  T.  &  S.  F.),  and  Mon- 
treal, Can.  (C.  P.).  Although  joint  crane  service  between 
erecting  and  boiler  shops  is  believed  to  be  very  desirable  and 
economical,  it  is  only  fair  to  mention  some  other  very  success- 
ful shops  where  the  two  departments  are  separate  and  inde- 
pendent, for  instance:  Burlington,  la.  (C,  B.  &  Q.);  Chicago, 
111.  (C.  &  N.  W.) ;  St.  Paul,  Minn.  (C,  St.  P.,  M.  &  O.) ;  Omaha, 
Neb.  (U.  P.);  Burnside,  111.  {I.  C.)  ;  Collinwood,  0.  (L.  S.): 
Depew,  N.  Y,  (N.  Y.  C.)  :  McKees  Rocks,  Pa.  (P.  &  L.  E.). 
and  Altoona,  Pa.  (P.  R.  R.).  Compromise  arrangements  may 
be  found  at  Jackson,  Mich.  (M.  C),  and  Columbus,  0.  (Pa. 
Lines) ;  at  both  places  the  erecting  shop  cranes  cover  a  portion 
of  the  boiler  shop  only. 

In  most  locomotive  repair  plants  one  building  serves  for 
both  boiler  shop  and  tank  shop,  but  separate  tank  shops  are 
found  at  Chicago,  111.  (C.  &  N.  W.);  Altoona.  Pa.  (P.  R.  R.). 
and  Baltimore,  Md.  (B.  &  O.);  those  at  Altoona  and  Baltimore 
are  longitudinal,  while  that  at  Chicago  is  transverse;  in  some 
respects  a  transverse  shop  is  more  convenient  for  tank  repairs, 
as  tenders  do  not  receive  as  uniform  treatment  as  locomotives 
do,  and  in  many  cases  do  not  require  handling  by  cranes  at 
all,  so  that  it  is  an  advantage  to  he  able  to  let  them  stand  on 
the  track  on  which  they  were  originally  placed,  which  could 
not  be  done  in  a  longitudinal  shop;  the  penalty  for  the  trans- 
verse tank  shop  is  either  a  transfer  table  or  a  system  of  fan 
tall  tracks  for  approach. 

In  a  boiler,  shop  traveling  crane  service  may  be  provided  to 
good  advantage  over  a  much  larger  proportion  of  the  floor 
space  than  in  the  machine  shop;  this  is  due  to  the  fact  that 
both  the  work  and  the  tools  are  so  much  heavier  in  the  boiler 
shop,  and  that  the  tools  practically  all  have  individual  motor 
drives.  In  a  boiler  and  tank  shop  the  traveling  cranes  will  be 
needed  for  moving  and  turning  boilers  and  tanks,  but  nearly 
every  individual  tool  will  have  to  be  provided  with  its  own 
individual  crane  or  hoist,  or  swing  crane  and  hoist  combined, 
these  local  cranes  being  in  general  hand  operated.  If  boilerplates 
are  stored  outside  the  building,  it  will  pay  to  install  a'hand  or 
^ower  yard  crane  over  tl'em,  even  in  moderate-sized   plants. 


The  head  room  in  the  boiler  shop  is  often  Influenced  by 
structural  considerations,  as  always,  for  instance,  where  the 
boiler  shop  is  an  extension  of  the  erecting  shop  and  having 
joint  crane  service  with  it;  but  where  there  are  no  such  limita- 
tions it  may  be  assumed  that  the  figures  may  be  as  in  Table  9, 

TABLE   a— IlEAUKOOM    FOIl    BOILEH   SHOPS. 

From  floor  to 

From  floor  to     lower    cbord 

Particular.  top  of  rail.      of  roof  trUHB. 

ft.  ln».  ft.  ins. 

Where   heavy   traveling  cranes    (say   35   tons) 

are    utied 28     0  35     0 

Where    light    traveling    cranes    (say    5    tons) 

are    used ^19     Q  24     0 

In  wings  where  many  swing  cranes  are  used 22     0 

In  WHiKs  without  cranes 2<)     0 

the  conditions  being  normal  and  the  width  of  crane  bays  mod- 
erate; the  exact  vertical  distance  between  top  of  crane  runway 
rail  and  lower  chord  of  roof  truss  should  be  fixed  only  after 
the  exact  type  and  make  of  crane  for  each  particular  location 
has  been  chosen. 

The  capacities  of  boiler  shop  cranes  under  present  conditions 
may  be  assumed  to  be  as  in  Table  10. 

TABLE    10— CAPACITIES    OF    BOILER-SHOP    CKANES. 

For   what   purpose    used.  Capacity. 

General   floor  crane 35  tons. 

RIvoting  tower 25     " 

Side   bays 5     «• 

Local    cranes    over    tools,    from    1    up    to 2      " 

A  list  of  tools  for  the  boiler  shop  can  be  made  up  only  for 
each  concrete  case;  the  very  first  thing  to  be  known  is 
whether  a  riveting  and  flanging  plant  is  to  be  included,  and  in 
many  cases  this  will  be  a  question  of  grave  doubt.  In  this 
connection  it  is  interesting  to  note  the  introduction  of  several 
such  plants  in  railway  locomotive  repair  plants  during  the 
last  few  years;  this  may  be  due  to  the  present  period  of  activ- 
ity, which  results  in  extremely  high  prices  and  slow  deliveries 
when  flanged  and  riveted  parts  are  ordered  from  the  locomo- 
tive builders.  Sometimes  a  compromise  is  made,  the  flanging 
being  done  by  hand,  and  a  riveting  plant  suitable  for  firebox 
work  only  being  provided;  a  12-ft.  stake  riveter  will  then 
answer,  which  also  requires  less  head  room  than  the  usual  17- 
ft.  stake  machine  for  boiler  work.  The  horizontal  dimensions 
of  the  riveting  tower  are  largely  influenced  by  structural  con- 
siderations, but  an  analysis  of  several  examples  shows  that  a 
rectangle  20  ft.  x  20  ft.  would  be  a  minimum  for  a  single  ma- 
chine, while  a  tower  for  two  machines  (placed  on  opposite 
sides  of  shop)  in  one  case  is  about  25  ft.  x  70  ft.  '  If  the  riveting 
machine  is  set  on  the  floor  the  height  of  tower  from  floor  to 
lower  chord  of  roof  truss  should  be,  for  a  12-ft.  stake  machine, 
from  55  ft.  to  60  ft.,  and  for  a  17-ft.  stake  machine,  from  65  ft. 
to  70  ft.  (Reading  is  76  ft,  which  seems  to  be  excessive.) 
At  Altoona  (Juniata  shop)  the  17-ft.  stake  machine  is  set  in  a 
pit,  to  reduce  height  of  tower  and  bring  the  machine  ram  down 
to  a  level  where  the  work  can  be  handled  from  the  floor. 

The  floor  area  in  use  for  boiler  and  tank  shops  (considered 
collectively)  ranges  from  a  minimum  of  500  sq.  ft.  per  erect- 
ing shop  stall,  in  small  repair  shops,  up  to  a  maximum  of 
4,000  sq.  ft.  in  construction  shops.  The  floor  area  of  the  new 
boiler  and  tank  shops  at  the  Schenectady  works  of  the  Ameri- 
can Locomotive  Company  totalize  above  10,000  sq.  ft.  per  stall 
of  the  present  erecting  shop,  but  these  new  departments  are 
probably  proportioned  to  correspond  to  a  new  erecting  shop  of 
increased  output.  Railway  repair  shops  of  good  size  run  from 
1,500  sq.  ft.  to  2.500  sq.  ft.  per  erecting_  shop  stall,  according  to 
the  variety  of  work  they  do,  the  lower  limit  being  sufl5cient  if 
fireboxes  are  made  elsewhere,  and  the  upper  limit  if  a  few  new 
engines  are  built  while  repairs  are  being  carried  on. 

THE   SMITH   SHOP. 

In  the  case  of  the  smith  shop  department  of  a  general  rail- 
way repair  shop  it  is  more  difficult  to  establish  proportions, 
particularly  floor  space,  because  it  cannot  be  referred  to  any 
unit;  the  boiler  shop  is  engaged  almost  exclusively  on  locomo- 
tive work,  whereas  the  smith  shop  is  used  jointly  on  work  for 
locomotives,  passenger  equipment  cars,  and  freight  equipment 
cars,  and  probably  on  both  repair  and  construction  work  in 
one  or  another  of  these.  Work  for  the  maintenance  of  way  de- 
partment is  also  frequently  handled  in  the  smith  shop.  When 
all  our  principal  American  combination  shops   (that  is,  those 


204       AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


engaged  on  both  locomotive  and  car  work)  are  listed,  it  is 
found  that  smith  shop  floor  areas  range  from  7,500  sq.  ft.  to 
75,000  sq.  ft.,  which  limit  is  slightly  exceeded  at  the  new  Mon- 
treal shops  of  the  Canadian  Pacific,  where  new  work,  both  loco- 
motives and  cars,  is  to  be  undertaken  on  a  large  scale  in  addi- 
tion to  repair  work.  Most  of  our  own  combination  plants, 
however,  show  a  total  smith  shop  floor  area  running  from 
20,000  sq.  ft.  to  40,000  sq.  ft.  The  exact  amount  of  smith  shop 
floor  space  for  any  projected  plant  can  be  approximated  only 
after  consideration  of  all  the  facts  bearing  on  the  individual 
case. 

If  20  ft.  is  adopted  as  the  general  head  room  (where  travel- 
ing cranes  are  not  used)  of  one-story  structures,  there  is  good 
reason  for  increasing  it  to  22  ft.  where  swing  cranes  are  in 
general  use,  as  in  the  smith  shop.  At  the  new  Collin  wood  shop 
of  the  Lake  Shore  the  smith  shop  head  room  is  24  ft.  As  swing 
cranes  impose  horizontal  loads  on  roof  trusses,  and  as  these 
loads  may  be  in  any  direction,  or  all  in  one  direction,  it  is 
good  practice  to  proportion  the  trusses  accordingly,  and  to 
introduce  a  good  system  of  horizontal  bracing.  The  new  Read- 
ing shop  of  the  Philadelphia  &  Reading  has  a  smith  shop 
which  is  equipped  with  a  traveling  crane  covering  the  entire 
floor  space;  this  is  a  decided  novelty;  there  are  of  course 
swing  cranes  as  well,  supported  from  the  walls.  An  earth 
floor  is  the  only  practicable  one  for  a  smith  shop. 

The  tools  list  will  require  great  care;  hammers  from  6,000 
lbs.  down  are  used;  forges,  usually  in  three  sizes,  light,  medium 
and  heavy;  furnaces  in  assorted  sizes  from  the  large  scrap- 
ping ful'nace  to  the  bolt  and  spring  furnaces.  Trade  catalogues 
will  make  the  way  easy  for  selecting  hammers  and  forges,  but 
there  is  no  authoritative  source  of  information  in  reference  to 
furnaces,  which  must  be  designed  in  imitation  of  the  best 
practice  which  can  be  located  and  observed.  The  ideal  fuel 
for  furnaces  is  gas,  which  is  in  common  use  in  steel  works, 
but  practically  unknown  in  railway  practice  except  for  the 
single  example  at  the  Altoona  (Juniata)  shop  of  the  Penn- 
sylvania Railroad,  where  a  battery  of  gas  producers  supplies 
all  the  smith  shop  furnaces,  and  one  in  the  boiler  shop.  The 
use  of  oil  as  a  fuel,  which  is  quite  common  in  bolt  and  spring 
furnaces  in  railway  shops,  is  a  cheap  and  acceptable  substitute 
for  gas,  but  is  hardly  applicable  to  very  large  furnaces.  Where 
a  great  deal  of  scrap  is  worked  into  slabs,  enough  to  keep  one 
hammer  occupied,  it  will  pay  to  have  two  furnaces  to  feed  it, 
otherwise  the  work  will  be  interrupted  whenever  the  furnace 
requires  re-lining  or  patching,  which  happens  quite  frequently. 

An  examination  of  the  lay-out  plans  of  a  considerable  num- 
ber of  smith  shops  discloses  the  fact  that  there  seems  to  be  no 
preferred  method  of  grouping  small  forges  for  hand  work,  but 
the  indications  are  that  such  forges  should  be  spaced  not  less 
than  15  ft.  center  to  center  (preferably  more),  should  be 
ranged  along  the  side  of  the  shop,  and  stood  at  an  angle  to  the 
side  wall;  this  makes  the  wall  available  for  tool  racks,  and 
leaves  the  finished  work  lying  on  the  ground  adjacent  to  the 
gangway,  from  which  it  can  be  gathered  up  without  inter- 
fering with  the  smiths  and  helpers.  Medium  and  large  forges 
are  usually  equipped  with  swing  cranes,  and  can  be  used  to 
best  advantage  when  located  away  from  walls.  The  modern 
smith  shop  should  have  both  a  pressure  fan  for  blast  and  an 
exhaust  fan  tcK  clear  away  smoke;  the  down  draft  system  of 
exhaust  has  been  much  used  of  late,  but  is  susceptible  of  im- 
provement. 

Bolt  headers,  bulldozers  and  forging  machines  are  items  in 
the  essential  equipment  of  the  railway  smith  shop.  These  and 
steam  hammers  require  the  use  of  dies  and  formers,  some  of 
them  very  heavy;  provision  should  be  made  for  storing  them 
outside  the  shop,  and  a  hand  traveling  crane  is  very  useful  in 
this  connection. 

The  general  scrap  yard  should  be  located  near  the  smith 
shop,  in  order  tliat  as  much  wrought-iron  scrap  may  be  re- 
deemed as  possible.  With  electric  driving  available  a  shear 
may  be  located  in  the  scrap  yard,  and  at  a  few  shops  a  small 
train  of  rolls  (with  heating  furnaces)  is  provided,  in  order 
that  rods  may  be  reroUed  to  smaller  sizes. 
(To  6e  continued.) 
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The  most  interesting  and  important  development  of  recent 
years  in  passenger  transportation  equipment  is  now  nearly 
ready  for  practical  application  on  the  Illinois  Central  at  the 
Chicago  terminal.  Eight  suburban  cars  are  being  built  upon 
a  new  plan  which  has  been  worked  out  most  carefully  and 
completely  by  Mr.  A.  W.  Sullivan,  assistant  second  vice-presi- 
dent, and  Mr.  Wm.  Renshaw,  superintendent  of  machinery, 
of  this  road.  The  basis  of  construction  is  the  use  of  side  doors. 
This  necessitated  steel  under  and  upper  frames  and  involved  a 
large  number  of  new  and  difficult  problems,  all  of  which  ap- 
pear to  have  been  solved  in  an  admirable  manner.  When 
the  cars  are  completed  they  will  be  fully  illustrated  in  this 
journal.  We  are  now  permitted  to  present  the  theory  under- 
lying this  development,  which  we  believe  to  be  one  of  great  im- 
portance. 

At  the  time  of  the  Chicago  World's  Fair  this  road  learned 
the  value  of  the  side-door  principle  in  handling  19,000,000  pas- 
sengers in  the  most  satisfactory  service  of  the  kind  ever  at- 
tempted. With  the  crude  side-door  equipment  in  temporary 
use  at  that  time  it  was  found  possible  to  load  1,000  passengers 
in  10  seconds  and  unload  them  in  the  same, amount  of  time, 
without  the  pushing  and  crowding  incident  to  such  movements 
in  cars  of  the  end-door  type,  and  in  contrast  with  the  violent 
struggles  and  personal  injuries  which  occur  during  rush  hours 
on  the  New  York  and  Brooklyn  elevated  railroads. 

So  successful  was  this  method  in  facilitating  train  move- 
ments that  upon  one  occasion  five  trains,  each  carrying  1,000 
passengers,  were  loaded  and  discharged  successively  from  one 
platform  in  four  minutes,  and  this  rate  of  movement  could 
have  been  maintained  longer  had  not  the  rush  subsided.  As  it 
was,  the  total  number  of  passengers  transported  on  the  day  oT 
maximum  traffic  was  509,000,  without  mishap  of  any  kind. 

The  concentration  of  crowds  of  passengers  at  the  ends  of 
cars  is  wrong  as  a  transportation  principle.  It  is  manifest  that 
a  plurality  of  side  doors  causes  a  diffusion  of  movement,  de- 
creases congestion  and  accelerates  progress.  If  the  mean  dis- 
tance traveled  is  one-half  the  width  instead  of  one-half  'the 
length  of  a  car,  the  movement  will  be  quicker,  aside  from  the 
crowding.  With  side  doors  ordinary  stops  may  be  reduced  to 
from  3  to  5  seconds  and  a  car  may  be  entirely  emptied  or  filled 
in  10  seconds.  Ten  passengers  will  use  each  door,  and  this 
number  is  independent  of  the  length  of  the  car.  A  long  car 
may  therefore  be  unloaded  as  quickly  as  a  short  one,  and  long 
cars  increase  the  capacity  of  a  train.  For  unloading  60  pas- 
sengers from  a  car  having  two  end  doors,  30  seconds  are  re- 
quired as  compared  with  10  seconds  for  a  side  door  car.  If 
the  cars  hold  120  passengers  this  means  two  passengers  per 
second  in  one  case  and  12  in  the  other,  under  normal  condi- 
tions. Doors  placed  in  one  side  of  a  car  will  not  cause  a 
troublesome  draft  in  cold  weather. 

With  a  side  aisle  and  transverse  seats,  passengers  may  enter 
any  door  and  find  seats  after  the  train  has  started,  thus  avoid- 
ing the  delays  incident  to  searching  for  a  seat  from  door  to 
door,  thus  equalizing  the  distribution  as  in  cars  with  end 
doors.  In  this  respect  this  construction  is  an  improvement 
over  foreign  practice  and  also  that  used  at  the  time  of  the 
World's  Fair. 

With  the  high  acceleration  of  modern  electric  service  and 
frequent  stops  as  in  large  cities,  the  frequency  of  train  move- 
ment will  depend  for  its  ultimate  development  upon  the  time 
consumed  in  station  stops  rather  than  that  in  the  movement 
between  stations.  The  type  of  cars  and  character  of  move- 
ments of  passengers  to  and  from  them  will  play  an  important 
part  in  the  development  of  the  future.  Now  that  the  difficul- 
ties of  construction  have  been  solved  the  car  with  side  doors 
seems  likely  to  replace  that  with  end  doors. 

The  accompanying  diagrams  show  only  seating  plans  and 
are  not  intended  to  represent  the  actual   construction.     The 
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diagrams  represent  a  car  65  ft.  long  and  10  ft.  6  ins.  wide 
which  will  employ  steel  framing. 

Plan  No.  1  is  intended  for  a  road  with  terminal  loops,  and 
platforms  on  the  outside  of  the  track,  a!tho\if,'h  it  may  be  used 
without  the  terminal  loops  by  having  the  platforms  on  the 
same  side  (east  or  west)  of  each  track.  Plan  No.  2  serves  the 
same  purpose  as  plan  No.  1,  with  the  further  provision  that 
passengers  may  enter  and  leave  the  car  on  both  sides.  This 
plan  is  intended  for  use  where  the  platforms  are  principally 
on  one  side,  with  an  occasional  island  platform  on  the  other 
side  of  the  track.  The  capacity  of  this  plan  is  the  same  as 
that  of  plan  No.  1.  Plan  No.  3  is  intended  for  use  where  there 
is  considerable  travel  of  moderate  volume  entering  and  leav- 
ing the  car  on  both  sides.  The  provision  of  having  the  aisle 
extend  one-half  length  on  each  side,  with  cross  aisle  in  the 
middle,  is  a  desirable  one  where  there  is  no  great  rush  of 
travel,  as  it  gives  the  seated,  passengers  the  same  freedom 
from  passing  travel  in  and  out  of  the  car,  as  does  plan  No.  1. 
There  is,  however,  a  loss  of  a  few  seats  by  this  arrangement, 
this  plan  for  the  small  car  seating  tour  passengers  less  than 
plans  Nos.  1  and  2.  Plan  No.  4,  with  aisles  and  doors  the  full 
length  on  both  sides  of  the  car,  is  designed  to  meet  the  re- 
quirements of  the  very  heaviest  travel,  with  frequent  stops  at 


Upon  the  Illinois  Central  Railroad  two  sizes  of  suburban 
cars  are  at  present  in  use— the  small  car,  which  is  of  the  same 
dimensions  as  those  of  the  elevated  railroads,  with  seating 
caijaclty  of  48  passengers;  and  what  is  known  as  the  large 
suburban  car,  which  is  51  ft.  long,  8  ft.  6  ins.  wide,  with  seating 
capacity  of  56  passengers. 

On  the  Illinois  Central  it  Is  desirable  to  increase  the  size  of 
cars  so  as  to  utilize  all  the  space  available  between  the  plat- 
forms at  stations,  which  has  led  to  the  adoption  of  the  width 
of  10  ft.  6  ins.;  and  a  length  of  65  ft.  is  found  to  be  a  suitable 
one  for  that  service.  Some  comparisons  have  been  made  show- 
ing the  difference  between  the  cars  at  present  in  use  and  the 
large  improved  car.  The  most  noticeable  difference  is  In  the 
seating  capacity,  which  is  Increased  114  per  cent.,  with  an  In- 
crease of  but  27  per  cent,  in  the  length  of  the  car.    The  fol- 
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intermediate  stations  having  platforms  on  both  sides  of  the 
track. 

The  weight  of  the  new  car  per  passenger  by  this  construction 
will  be  greatly  reduced,  combined  with  an  increase  in  the 
strength  of  the  car  beyond  that  of  anything  heretofore  at- 
tained in  car  construction,  as  will  be  seen  from  the  following 

figures : 

Floor  Strength. 


lowing  table  shows  the  seating,  sUnding  and  total  capacity  of 
the  different  plans  compared  with  the  cars  now  in  use: 

Standing  Total 

, — Capacity — ,       Capacity 
Clear  of  Seats, 

Entrance 
and  Exit. 


Plan  1 
Plan  2 
Plan  3 
Plan  4 
I.   C.   suburban 56 


Seating 
Capacity. 
. ..120 
...120 
...115 
96 


48 
48 
53 
72 
0 


Full. 
60 
60 
65 
96 
41 


Standing 
and  Clear. 

IBS 

168 

168 

168 
56 


Seats, 
Standing 
and  Full. 

180 

180 

180 

192 
97 


0.0 


Improved  suburban  car.65  ft.  120  78.000  lbs.  650  lbs. 
Regular  suburban  car.. 51  ft.  66  38,000  lbs.  679  lbs. 
Btuidard  coach  61  ft.     62  86,000  lbs.  1.887  lbs. 


C3  Si 

B  ^ 


160  lbs.  800  lbs. 
76  lbs.  380  lbs. 
81  lb«.  406  lbs. 


In  the  matter  of  standing  room  there  is  great  advantage  to 
the  passengers  in  that  so  large  a  number  can  stand  clear  of 
the  entrances  and  exits.  It  is  also  an  advantage  to  avoid  hav- 
ing.a  large  group  of  passengers  standing  together,  particularly 
when  dependent  for  support  upon  straps  suspended  from  the 
roof  of  the  car.  The  solid  group  of  passengers  which  can 
gather  in  one  mass  In  a  car  having  a  wide  center  aisle  will  be 
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less  able  to  resist  the  lunging  effect  of  high  rates  of  accelera- 
tion and  retardation  than  when  they  can  individually  brace 
themselves  against  a  rigid  support  of  medium  height,  and 
thus  avoid  discomfort,  and  frequently  the  distress  that  comes 
from  the  swaying  of  such  a  mass  of  passengers. 

It  is  of  more  importance  now  than  ever  before  that  passen- 
ger cars  should  be  constructed  of  the  greatest  strength,  con- 
sistent with  reasonable  weight.  To  obtain  this  result,  a  metal 
frame  work  is  necessary  not  only  for  the  floor  of  the  car,  but 
for  the  walls  and  roof,  in  order  that  when  collisions  occur, 
especially  at  high  rates  of  speed,  or  when  derailments  occur 
and  cars  rub  against  the  walls  of  tunnels  or  other  structures, 
the  floor  and  sides  of  the  car  will  not  be  demolished,  as  is 
quite  likely  to  be  the  case  with  lightly  constructed  wooden  cars. 

The  greatly  increased  capacity  of  the  improved  suburban  car 
is  not  due  altogether  to  its  larger  size,  as  the  following  com- 
parative statement  shows  that  per  foot  of  length  the  new  car 
has  46  per  cent,  greater  carrying  capacity  than  the  old: 

Present  Improved  Suburban. 

Suburban.  Plan  1.  Plan  2.  Plan  3.  Plan  4. 

Length     of    cars 51  ft.  65   ft.  65   ft.  65   ft.  65   ft. 

Length  of  cars  per  cent 100  127  127  127  127 

Passengers    seated     56  120  120  115  96 

Passengers  seated,   per  cent'.  ..  100  214  214  205  171 

Passengers    standing     41  60  60  65  96 

Passengers  standing,  per  cent.  .100  146  146  159  234 

Passengers,  total    97  180  180  180  192 

Passengers,  total,  per  cent 100  186  186  186  198 

Passengers  per  foot,  seated ...  .      1.10  1.85  1.85  1.77  1.48 

Passengers  per  ft.,  seated  p.   c .  100  J-6S  168  161  134 

Passengers    per   foot,    standing.      0.80  0.92  0.92  1.00  1.48 

Passengers  per  ft.,   stand.,   p.  c.lOO  115  115  125  185 

Passengers  per  foot,   total 1.90  2.77  2.77  2.77  2.95 

Passengers  per  ft.   total,   p.   c.lOO  146  146  146  155 

The  most  noticeable  feature  of  the  improved  car  is  the  side 
door,  of  which  in  a  car  65  ft.  long,  12  may  be  placed  on  each 
side  for  entrance  and  exit  of  passengers,  in  addition  to  end 
doors  to  permit  of  passing  from  one  car  to  another.  The  side 
doors  may  be  operated  either  by  hand  or  by  compressed  air, 
the  controlling  mechanism  being  located  within  the  walls  of 
the  car  and  out  of  sight.  The  mechanism  provides  for  the 
positive  opening,  closing  and  locking  of  the  doors  by  air  or  by 
hand.  It  also  provides  for  closing  the  doors,  locking  and  un- 
locking, but  not  opening  them,  leaving  that  to  be  done  by  the 
passengers,  which  during  the  season  of  cold  weather  would 
probably  be  the  preferable  way.  The  doors  may  be  operated 
from  either  end  of  the  car,  and  if  necessary  also  from  the 
middle.  The  quickness  with  which  the  doors  may  be  manipu- 
lated and  the  absolute  control  of  them  by  the  trainmen  will 
greatly  reduce  the  time  of  the  stops. 

We  consider  that  the  door  arrangement  of  these  cars  pos- 
sesses especial  merit  in  safeguarding  the  passengers  from  per- 
sonal injury.  There  being  no  hand-holds  on  the  outside  of 
the  car  and  no  possible  means  of  effecting  an  entrance  when 
the  doors  have  been  closed,  there  is  no  temptation  nor  any  op- 
portunity for  a  belated  passenger  to  get  aboard  after  the  train 
has  started;  neither  Is  there  any  opportunity  for  a  passenger 
to  get  off  the  train  before  it  has  come  to  a  full  stop,  because 
all  of  the  doors  are  closed  by  air  pressure  and  can  be  released 
only  by  the  trainmen,  which  will  not  be  done  until  the  train 
has  stopped.  All  movements,  therefore,  of  entrance  and  exit 
can  be  made  only  when  the  train  is  standing  at  the  station 
platform,  and  one  of  the  principal  hazards  of  the  service  is 
thus  eliminated. 

As  to  the  opening  arid  closing  of  the  doors;  the  walls  of  the 
car  Ijeing  hollow  and  the  doors  moving  between  them,  there  is 
no  chance  for  a  passenger  to  be  cailght  and  injured  by  them 
when  opened;  when  closed,  the  movement,  at  first  rapid,  is 
graduated  automatically  by  air  cushions,  so  that  the  final 
closing  movement  is  gentle  and  safe.  Should  any  portion  of 
a  passenger's  garment  become  caught  by  the  door  when  clos- 
ing, the  elasticity  of  the  air  pressure  against  the  door  will 
admit  of  the  garment  being  withdrawn  withput  injury. 
Furthermore,  the  air  cylinder  for  the  operation  of  the  doors 
being  quite  small,  it  has  not  sufficient  power  to  cause  injury 
by  its  pressure  should  a  passenger  inadvertently  be  caught  in 
the  doorway  when  the  door  is  closing. 

The  transverse  arrangement  of  seats,  with  side  aisles  and 
doors,  made  possible  by  the  metal  construction  used,  permits 
the  car  to  be  made  of  the  greatest  width  for  the  distance  be- 


tween the  tracks.  Upon  important  terminals,  where  land 
values  are  high  and  traffic  dense,  there  is  need  for  the  most 
complete  utilization  of  available  space,  and  when  combined 
with  the  wide  car  of  maximum  seating  capacity  the  quickest 
possible  movement  in  loading  and  unloading  passengers  is 
effected  by  means  of  side  doors,  the  conditions  necessary  to  the 
development  of  the  ultimate  earning  capacity  of  the  property 
are  attained  so  far  as  such  conditions  are  dependent  upon  the 
vehicle  of  transportation.  The  introduction  of  this  type  of 
car  is  destined  to  mark  a  new  era  in  the  development  of  rapid 
passenger  transportation. 


NEW  LOCOMOTIVE  AND  CAR  SHOPS. 
COLLINWOOD,    OHIO. 


LAKE  SHORE   &    MICHIGAN   SOUTHERN   RAILWAY. 


IX. 


Tests  of  Cuttino  Speecs,  Shapes  op  Tools.  Heat  Tre.vtment, 


In  connection  with  the  motor-driven  machinery  of  these 
shops,  a  systematic  study  of  machine-tool  operation  is  being 
made,  and  at  this  point  an  account  of  tests  of  cutting  speeds 
with  high-speed  tool  steels  is  introduced  in  the  series  of 
articles.  These  tests  were  carried  out  by  Mr.  H.  H.  Vaughan, 
assistant  superintendent   of  motive  power. 

The  intention  at  first  was  to  make  a  comparative  test  be- 
tween various  maltes  of  steel,  determine  which  of  them  gave 
the  best  results  in  service  and  ascertain  what  could  be  ex- 
pected in  regular  work.  Mr.  Vaughan  soon  decided,  however, 
that  the  first  thing  to  do  was  to  take  one  brand  that  showed 
good  results  and  make  sufficient  experiments  with  that  to  de- 
termine what  could  be  expected,  and  then  endeavor  to  carry 
out  the  results  in  the  shop,  leaving  the  comparison  between 
one  steel  and  another  until  later.  It  is  not  so  important  to 
obtain  the  small  percentage  of  increase  of  output  that  one 
good  steel  can  give  over  another,  as  it  is  to  obtain  the  greatly 
increased  output  that  several  of  the  new  high-speed  steels 
can  give  over  the  old  water-hardening  steels. 

It  will  be  noticed  that  the  tests  were  all  made  with  1-10-in. 
feeds.  The  feed  is  one  of  the  factors  affecting  the  cutting 
speed  in  any  tool  and  material,  the  cut  being  the  other;  to 
state  at  what  speed  a  cut  can  be  taken,  it  is  necessary  to  also 
specify  the  feed  and  depth  of  cut.  In  the  majority  of  locomo- 
tive work  the  cuts  do  not  appear  to  vary  sufficiently  to  affect 
the  question  very  much,  but  the  amount  of  feed  is  a  different 
matter  and  is  very  important.  By  adopting  a  constant  feed 
for  all  roughing  work  as  far  as  possible,  this  variable,  which 
is  the  most  difl5eult  to  deal  with,  is  eliminated. 

This  system  is  being  introduced  at  the  Collinwood  shops 
with  very  satisfactory  results,  as  the  cutting  problem  at  one* 
becomes  very  simple  and  can  be  watched  by  practically  noting 
the  speed  at  which  the  work  is  running. 

The  machine  used  during  all  the  experiments  was  a  Pond 
28-in.  engine  lathe,  direct  driven  by  a  motor  of  7%-h.p.,  which 
could  be  temporarily  overloaded  to  about  12-h.p.  All  tools 
were  ground  in  a  Sellers  universal  grinder,  permitting  them  to 
be  ground  accurately  to  any  desired  angles. 

The  series  of  experiments  were  made  upon  three  classes  of 
material — axle  steel,  wrought  iron,  and  cast  iron — to  deter- 
mine the  proper  cutting-speed,  feed,  and  depth  of  cut  to  be 
used,  as  well  as  the  best  methods  of  treating  the  steel,  and  the 
correct  angles  for  grinding.  A  lateral  feed  of  1-10  in.  was  at 
once  adopted  as  being  satisfactory  for  most  classes  of  work. 
A  coarser  feed  would  be  very  severe  upon  the  point  of  the 
tool,  and  many  cases  may  arise  requiring  a  finer  feed,  depend- 
ing upon  the  character  of  the  work. 

The  question  of  the  most  eflJcient  depth  of  cut  is  one  which 
cannot  be  definitely  answered  from  the  data  at  hand,  because 
the  power  of  the  driving  motor  did  not  pei-mit  a  cut  to  be 
taken  which  was  at  all  near  the  capacity  of  the  tool.  By  vary- 
ing the  cut  through   the  range  possible  the   indications   were 
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that  the  life  of  the  tool  at  a  constant  feed  and  cutting  speed 
was  independent  of  the  depth  of  cut.  This  is  reasonable,  for 
although  the  work  of  removing  the  metal  increases  directly 
as  the  depth  of  cut,  after  the  point  of  the  tool  is  buried,  the 
cutting  edge  provided  to  do  this  work  is  increased  a  like 
amount.     The  remaining  points  must  be  taken  up  separately. 

MliDlUM    STEEL. 

On  axle  steel  the  preliminary  tests  of  Styriau  tool  steel,  run 
dry  with  the  tool  ground  with  5-deg.  end  rake  and  2.')-deg. 
side  rake,  showed  a  well  defined  limit  of  cutting  speed  at  about 
45  ft.  per  minute,  beyond  which  it  was  impossible  to  go  with- 
out very  quickly  ruining  the  tool.  At  48-ft.  per  minute  the 
tool  lasted  12'/^  minutes  with  a  1-10-in.  x  S-lti-in.  cut,  being  very 
hot  all  of  the  time,  the  chips  coming  oft  a  deep  blue.  It  seemed 
reasonable  to  suppose  from  the  endurance  of  the  tool  while  hot 
that  if  the  heat  generated  by  cutting  could  be  absorbed  and 
carried  away  before  it  had  time  to  heat  the  tool,  the  life  of 
the  tool  would  be  greatly  prolonged,  and  the  cutting  speed 
might  be  increased. 

A  water  jet  applied  above  the  work  would  not  accomplish 
this  result  on  account  of  the  water  not  coming  into  contact 
with  the  tool  at  the  cutting  edge.  So  a  %-in.  copper  tube  con- 
nected to  an  elevated  caslv  was  carried  along  the  tool  rest  on 
the  leading  side,  the  end  directed  upward  toward  the 
point  of  the  tool  at  an  angle  of  45  degs.,  and  through  this  was 
forced  a  mixture  of  lard  oil,  resinous  soap  and  water,  at  vari- 
ous heads  up  to  12  ft.  The  above  mentioned  location  of  the 
jet  was  found  to  have  the  greatest  cooling  effect  upon  the  tool, 
and  splashed  the  least  water;  the  results  obtained  .from  this 
arrangement  of  the  water  jet  leave  no  doubt  as  to  the  advan- 
tages to  be  derived  from  its  use  on  steel  work.  Other  condi- 
tions being  the  same,  a  tool  which  burnt  in  15  minutes  run- 
ning dry  will  run  with  the  water  jet  for  an  hour  or  more  in 
good  condition.  It  is  necessary  to  use  just  enough  water  to 
carry  away  the  heat. 

It  is  a  rather  remarkable  fact,  however,  that  the  maximum 
safe  cutting  speed  with  a  water  jet  is  practically  the  same  as 
without.  The  explanation  is  probably  this;  When  tools  have 
been  removed  from  the  lathe  after  cutting  with  the  water  jet, 
they  have  all  been  found  more  or  less  blue  for  a  narrow  strip 
along  the  cutting  edge,  showing  that  the  Water  had  not  reached 
the  extreme  edge  of  the  tool,  even  when  applied  under  con- 
siderable pressure.  At  speeds  up  to  45  ft.  per  minute  the  body 
of  the  tool  conducts  the  heat  away  from  the  edge  rapidly 
enough  to  prevent  overheating,  but  at  higher  speeds  this  ac- 
tion is  not  fast  enough  and  the  local  temperature  rises  to  a 
point  which  weakens  the  steel  so  that  the  side  clearance  Is 
worn  away,  spoiling  the  tool. 

A  very  thorough  investigation  was  made  of  the  proper  angles 
at  which  to  grind  the  tools.  The  results  indicated  that  a  tool 
with  small  side  rake  would  last  somewhat  longer  than  one 
ground  at  a  greater  angle,  on  account  of  the  stronger  backing 
of  the  cutting  edge,  the  difference  being  greater  when  running 
dry  than  with  a  water  jet.  But  the  action  of  the  tools  in  re- 
moving metal  is  that  of  a  continual  shearing  in  a  plane  nearly 
perpendicular  to  the  top  face  of  the  tool.  For  a  given  feed  the 
area  over  which  this  shearing  takes  place  is  much  greater  for 
a  flat-topped  tool  than  for  one  with  considerable  side  rake; 
hence,  the  power  required  to  drive  a  flat  tool  is  correspondingly 
greater. 

This  statement  is  verified  by  fhe  fact  that  the  chips  from  a 
flat-topped  tool  are  blue  and  wear  deep  into  the  top  of  the  tool, 
even  with  a  water  jet  in  use,  while  those  from  a  thin-edged 
tool  are  not  discolored  and  the  tool  is  not  worn,  a  great  ad- 
vantage in  regrinding. 

On  a  continuous  cut,  with  the  water  jet,  it  was  found  en- 
tirely safe  to  use  a  side  rake  angle  of  35  degs.  to  the  horizon- 
tal, cutting  40  ft.  per  minute,  but  on  an  intermittent  cut,  the 
edge  is  likely  to  be  nicked,  causing  overheating;  so  for  average 
use  an  angle  of  25  degs.  is  recommended.  Using  this  sharp 
angle  with  the  nose  of  the  tool  ground  symmetrically  brings 
the  point  very  low.  So  it  is  recommended  that  the  nose  be 
ground  at  an  angle  of  about  15  degs.  to  the  shank,  as  shown 
in  the  accompanying  sketch,  which  has  the  effect  of  raising 
the  point,  and  makes  a  much  easier  running  tool. 


Tools  hardened  In  oil  showed  an  endurance  nearly  100  per 
cent,  greater  than  when  hardened  in  the  air  blast.  The  best 
results  are  produced  by  heating  a  small  portion  of  the  enrl  of 
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the  tool  to  a  bright  red  and  cooling  in  oil.  This  makes  a  hard 
edge,  but  does  not  harden  the  body  of  the  tool,  leaving  It 
tough,  and  making  a  tool  adapted  to  heavy  service.  The  only 
objection  to  oil  hardening  is  that  it  sometimes  cracks  the  tool, 
although  seldom  so  seriously  a-s  to  impair  its  strength. 

WBOUOHT    IRON. 

For  the  proper  speed  of  cutting  wrought  iron  no  definite 
figures  can  be  given,  as  this  depends  almost  entirely  upon  the 
amount  of  slag  in  the  iron.  On  good  clear  iron  speeds  of  over 
80  ft.  per  minute  can  be  maintained  easily,  with  a  1-10-in.  feed 
and  3-16-in.  cut,  using  a  25-deg.  to  30-deg.  tool  and  a  water  jet, 
but  a  piece  of  cinder  is  apt  to  ruin  a  tool  at  once,  even  when 
running  as  slow  as  40  ft.  per  minute. 

The  indications  are  that  a  speed  of  60  ft.  per  minute  win 
generally  be  found  satisfactory,  using  a  water  jet,  with  tools 
ground  and  hardened  the  same  as  for  steel. 

C.\ST    IRON. 

On  cast  iron,  excellent  results  were  obtained  from  tools 
hardened  by  being  heated  to  a  welding  heat  and  cooled  beside 
the  fire.  Such  a  tool  will  not  hold  a  fine  enough  edge  for 
finishing,  but  for  roughing  cuts  on  medium  iron,  it  will  far 
outwear  an  oil  tempered  tool.  The  side  rake  angle  recom- 
mended for  these  tools  is  15  degs.  They  may  be  run  safely  at 
from  45  to  55  ft.  per  minute,  depending  upon  the  density  of  the 
iron.  If  much  scale  is.  to  be  cut,  40  ft.  is  the  highest  safe  speed. 
Light  finishing  cuts  with  oil  hardened  tools  may  be  run  as 
high  as  85  ft.  per  minute,  with  a  fair  degree  of  accuracy. 

Cutting-off  tools  should -be  oil  hardened  and  will  last  longer 
if  the  sharp  corners  are  removed.  They  will  stand  a  speed  of 
40  ft.  per  minute,  but  the  cross  feed  allowable  varies  from 
.012-in.  to  .025-in..  depending  upon  the  hardness  of  the  iron.  If 
the  feed  is  kept  at  the  upper  limit  and  the  cutting  speed  is 
reduced,  the  tool  will  not  last  as  long  as  with  the  high  speed 
and  finer  feed. 

Electrical  measurements  of  power  showed  that  a  roughing 
tool  working  upon  cast  iron  would  absorb,  without  breaking 
down,  only  about  50  per  cent,  as  much  power  as  a  tool  of  the 
same  hardness  cutting  clean  wrought  iron,  both  being  ground 
to  suit  the  material  worked  upon.  Coupled  with  the  fact  that  ' 
a  piece  of  slag  in  a  wrought  iron  cut  will  ruin  a  tool  with  no 
increase  in  the  power  required,  this  indicates  that  the  life  of 
a  cutting  tool  is  dependent  upon  the  character  of  the  metal  it 
is  cutting  as  well  as  upon  the  power  absorbed. 

It  is  known  that  a  too!  applied  with  considerable  pressure 
to  a  slow  speed  emery  wheel  will  burn  much  sooner  than  if 
applied  more  lightly  to  the  same  wheel  running  faster.  Work- 
ing upon  a  material  such  as  cast  iron,  whose  action  upon  a 
tool  is  similar  to  that  of  an  emery  wheel,  some  benefit  may 
result  from  the  use  of  a  high  speed  with  a  fine  feed  and  con- 
sequent low  pressure  against  the  side  of  the  tool.  But  in  the 
case  of  wrought  iron  and  steel,  although  no  data  on  the  sub- 
ject are  at  hand,  it  is  not  probable  that  the  increase  of  speed 
possible  would  compensate  for  the  reduction  in  the  feed. 

Following   is  a   tabulation   of   the   principal   results   of  the 

tests: 

, .\ngles. — ,  Speed.  Feed. 

Form  of  Side  End  Clear-  Ft.  Per         Ins.  Per 

Material.                 Tool.  Rake.  Rake.  ance.  Min.             Rev. 

Axle     steel Roughing.  25°  10°        S"  35  to  45                     .10 

Wrought     iron .  .    Roughing.  25°  lO"       8°  35  to  80                     .10 

Cast    iron Roughing.  15°  10°        8=  4d  to  55                     .10 

Cast    iron Cutting-off.  0°  0°       S"  40        .012  to  .02a 
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STEEL    FRAMES    FOR    CARS. 


A  Steel  Frame  Box  Cab. 


BY   C.    A.    SELET. 


MECnANICAI.  UNGINEER  CHICAGO,  ROCK  ISLAND  &  I'ACIFIC  UAILWAY. 


In  answer  to  an  inquiry  from  the  editor  of  the  American 
E.NciNKKH,  "Has  the  time  arrived  when  it  is  good  business 
policy  to  discard  wood  in  favor  of  steel  for  car  underframes?" 
I  wish  to  say  from  the  mechanical  and  designer's  standpoint, 
that  steel  has  thoroughly  demonstrated  its  usefulness,  not  only 
for  underframes,  but  for  side  and  end  frames  as  well,  and  the 
only  steel  underframe  car  that  I  would  advocate  would  be  a 
flat  car.  The  American  Engineer  has  kept  the  railway  world 
well  informed  in  regard  to  car  designs  and,  among  others,  the 
composite  cars  built  by  the  Norfolk  &  Western  illustrate  my 
argument. 

The  frames  of  these  cars,  which  are  the  carrying  members, 
are  of  steel;    the  bodies,  which  serve  merely  to  retain  the  load, 


and  this  supposition  has  been  borne  out  by  the  performance  of 

the  cars,  now  nearly  two  years  In  service. 

Some  roads  have  reinforced  their  weak,  wooden  aide  fram- 
ing by  introducing  steel  channels  or  Z  bars  to  resist  lateral 
bulging  under  load.  As  these  are  not  combined  with  the  frame 
and  are  not  under  vertical  stress  they  have  only  their  own  In- 
herent lateral  strength  and  are  an  expensive  addition.  Th* 
majority  of  box  cars  have  comparatively  weak  ends  and  the 
amount  of  repairs  on  this  account  is  very  great,  and  has  been 
much  increased  of  late  years,  due  to  severe  shocks  in  switch- 
ing and  the  greater  weight  of  modern  cars.  Some  roads  have 
used  steel  in  the  ends  of  box  and  stock  cars  with  great  ad- 
vantage as  a  strengthener  and  no  expedient  in  wood  construc- 
tion can  equal   the  strength  gained  thereby. 

The  accompanying  engravings  illustrate  a  study  in  steel 
frame  box  car  design  for  a  car  of  the  American  Railway  Asso- 
ciation standard  dimensions,  viz.,  36  ft.  x  8  ft.  6  ins.  x  8  ft 
Some  modifications  of  the  Norfolk  &  Western  design  are  here 
shown,  which  may  or  may  not  be  of  advantage. 

The  side  posts  are  Z  bars  with  an  easy  connection  top  and 


A   STEEL-FRAIVIE   BOX   CAR— BY 


are  of  wood,  a  material  lighter  and  cheaper  than  steel,  lasting 
its  natural  life,  easily  repaired  and  maintained.  These  cars 
are  very  staunch,  of  light  weight,  and  consequently  carry  a 
high  percentage  of  revenue  load,  besides  having  other  advan- 
tages not  necessary  to  take  up  at  this  time.  These  designs 
embrace  gondola,  hopper  and  box  cars  and  their  success  proves 
the  designer's  contention  that  it  is  not  necessary,  in  these  cars 
at  least,  to  provide  the  carrying  strength  in  the  underframing. 
The  sides  of  gondolas  and  hoppers  offer  an  opportunity  for  a 
truss,  to  be  made  of  the  side  framing,  that  will  carry  any  de- 
sired load  without  truss  rods  under  the  car.  In  the  cars  re- 
ferred to  the  trussed  sides  carry  nearly  half  of  the  load,  the 
remainder  being  carried  by  center  sills.  It  is  not  believed 
that  the  scheme  of  relieving  the  center  sills  of  load  and  using 
light  members  tor  the  pulling  and  buffing  trusses  only  is  the 
better  one. 

Box  car  designing  offers  a  less  inviting  field  for  the  use  of 
steel  as  the  side  door  opening  interrupts  the  truss  and  it  is 
not  possible  to  put  diagonals  in  the  doorway  to  make  it  com- 
plete. Notwithstanding  this,  100  box  cars  were  built  on  the 
Norfolk  &  Western  Railway  in  1901  which  have  given  excel- 
lent service.  These  cars  have  complete  steel  frames  up  to  and 
including  the  side  and  end  plates,  and  were  illustrated  in  the 
American  Engineer  in  May,  1902.  The  only  doubt  the  designer 
had  in  reference  to  these  cars  was  in  regard  to  the  ability  of 
the  sides  to  resist  bulging  with  a  flowing  load,  as  of  grain. 
The  posts  and  braces  were  mainly  of  3-in.  channels  and  it  was 
believed  that  when  stressed  by  a  heavy  load  that  the  tension 
members  would  be  aided  thereby  to  resist  deflection  laterally 


bottom,  and  being  the  tension  members,  they  will  resist  very 
considerable  lateral  stress,  their  cross  section  being  consider- 
ably in  excess  of  the  vertical  requirements  for  strength.  The 
flooring  rests  directly  on  the  sills  instead  of  on  furring  strips, 
and  sufl5cient  nailing  strips  are  provided  for  center,  inter- 
mediate and  end  nailing.  Instead  of  sectional  side  girths  a 
through  girth  of  iron  with  wooden  blocking  is  provided  for  the 
bottom  girth,  and  the  upper  girths  are  as  usually  provided  in 
wooden  cars.  An  outside  steel  roof  is  provided.  No  particular 
draft  gear  is  meant  to  be  suggested,  the  provision  shown 
merely  indicating  that  the  draft  is  to  come  direct  to  the  center 
sills. 

The  upper  framing  shown  has  several  strong  points.  The 
ends  are  very  strong  and  will  not  give  away  readily  to  the 
pounding  of  a  shifting  load.  The  sides  are  strong  to  resist 
lateral  bulging  under  flowing  loads.  The  vertical  strength  of 
the  center  sills  and  side  framing  is  sufficient  to  carry  a  load  of 
88,000  lbs.  without  undue  deflection,  and,  in  fact,  the  vertical 
deflection  of  the  sides  of  these  cars  is  not  noticeable  under 
full  loads. 

An  incidental  point  of  advantage  in  cars  with  steel  truss 
sides  is  their  stiffness  to  resist  racking  of  the  body  and  roof, 
and  this  will  lessen  in  a  marked  degree  the  necessity  for  re- 
nailing  the  siding  and  roofing,  a  class  of  repairs  much  called 
for  with  weak  superstructures. 

Now,  as  to  whether  the  use  of  steel  as  above  described  is 
justified  as  against  the  use  of  wood  is  clearly  one  of  the  mar- 
kets and  delivery  and  not  of  mechanical  adaptability.  There 
are  manifest  advantages  in  favor  of  steel  in  the  way  of  reduc- 
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lion  of  dead  weight  which  contributes  to  the  carrying  of  an 
increased  percentage  of  paying  loads,  also  a  reduction  of  main- 
tenance charges  due  to  the  structure  being  stronger  and  better 
able  to  resist  shocks  and  loosening  from  wear.  In  case  of 
wreck  there  is  a  great  amount  of  salvage,  as  bent  and  twisted 
members  can  be  straightened  and  used  again;  whereas  if  of 
wood  a  renewal  is  required.  In  heavy  repairs  of  wooden  cars 
the  new  material  cost  will  run  from  60  to  75  per  cent,  of  the 


total,  while  if  steel  is  used  the  labor  cost  will  be  represented 
by  the  above  figures:  leaving  but  25  to  40  per  cent,  as  the  cost 
of  new  material  required,  and  in  composite  cars  this  is  mainly 
for  lumber  and  not  steel.  All  these  points  should  be  care- 
fully weighed  and  credited  against  the  increased  cost  of  a 
steel  car  over  a  wooden  one,  and  if  properly  appreciated  the 
writer  believes  that  not  only  steel  underframes,  but  side  and 
end  frames  for  all  classes  of  cars  are  fully  justified. 
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COMPOUND    PASSENGER    LOCO  \10TI VES,    4-4-2    TYPE; 


Vauclain  Four-Cylinder  Balanced  System. 


ATCHISON,   TOPEKA    &   SANTA  FE   RAILWAY. 


These  engines  are  similar  in  many  respects  to  the  Plant 
System  engine  (A.mekican  Engineer,  March,  1902,  page  72). 
These  are  of  the  four-coupled  type  and  have  cylinders  exactly 
like  those  of  the  earlier  engine  except  as  to  minor  details.  The 
tractive  power  of  the  new  design  is  24,000  lbs.  when  working 
as  a  compound  and  the  cylinders  are  approximately  equivalent 
The  Baldwin  Locomotive  Works  are  building,  to  their  own  to  18.9  in.  simple  cylinders.  The  weight  on  drivers  is  to  be 
aesign.  four  ba.anced  compound  locomotives  for  passenger  90,000  lbs.,  but  with  the  balanced  construction,  undoubtedly  a 
service  on  the  Santa  Pe.  Mr.  G.  R.  Henderson,  superintendent  much  greater  weight  than  this  can  be  placed  on  these  wheels 
of  motive  power,  has  given  his  permission  for  the  publication  without  more— and  probably  very  much  less— injury  to  the 
of  this  description.  track  than  would  be  caused  by  a  locomotive  of  the  usual  sys- 
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tern  of  counterbalancing.  The  writer  has  long  held  the  opin- 
ion that  a  self-balanced  engine  offered  an  opportunity  to 
greatly  increase  the  weight  on  driving-wheels  and  thus  obtain 
in  the  best  possible  way  the  advantages  of  a  traction  increaser 
which  would  be  available  all  the  time  and  yet  not  subject  the 
track  to  more  punishment  than  it  now  receives  with  the  pre- 
vailing wheel  weights.  The  advent  of  this  construction  upon 
a  road  like  the  Santa  Fe  is  an  event  of  great  importance.  We 
hope  it  marks  a  turning  point  in  the  development  of  American 
locomotive  practice  in  favor  of  good  balancing,  the  best  pos- 
sible use  of  steam  and  a  division  of  the  stresses  among  a 
larger  number  of  parts  of  the  running  gear,  which  may  there- 
fore be  made  lighter  and  actually  reduce  repairs  and  failures. 

Among  the  engravings  is  a  preliminary  diagram  of  the 
locomotive  with  its  tender,  which  is  a  large  one,  carrying 
8,400  gals,  of  water.  The  boiler  is  of  the  wide  firebox  type  for 
coal  burning.  The  mud  ring  is  5  in.  wide  at  the  side.s,  to 
assist  circulation.  While  the  tubes  are  18  ft.  long,  the  heating 
surface  is  500  sq,  ft.  less  than  that  of  the  4-4-2  type  locomotives 
on  the  New  York  Central.  One  of  the  drawings  illustrates  the 
crank  axle,  which  differs  in  many  respects  from  that  used  on 
the  Plant  System  engine.  The  main  bearings  are  11%  x  10 
ins.,  the  crank  pins  10  x  4  ins.,  the  wheel  fits  10  x  8%  ins.  and 
the  crank  webs  20  in.  wide  by  5  in.  thick. 

The  method  of  balancing  and  the  remarkably  light  weights 
employed  are  clearly  indicated  in  the  sketch  and  the  drawing 
of  the  driving  wheels.  A  summary  of  the  revolving  weights 
referred  to  in  the  sketch  is  as  follows: 

REVOLVING    WEIGHTS. 

Pin   No.  1.  Pin  No.  2.                   Pin  No.   3. 

Inside.  Outside, 

lbs.  lbs.  lbs. 

403  423 

5S8  180  153 

88  214  174 

148  148 

1.079  9G5  475 

This  leaves  1,079,  minus  965,  or  114  lbs.  excess  revolving 
weight  on  the  inside  of  the  main  wheel.  The  reciprocating 
weights  are  as  follows: 

RECIPROCATING     PARTS. 

In.side.  Outside. 

Piston     356  463 

Crosshead 310  310 

Main  rod  on  crosshead  pin .  .      149  156 

Totals     815  924 

This    leaves   929,   minus    815,   or   114    lbs.   of   reciprocating 


weight  in  the  main  wheel.  The  114  lbs.  ot  reciprocating 
weights  are  balanced  In  the  main  wheel  by  114  lbs.  excess 
revolving  weight  inside  the  main  wheel,  thus  requiring  no 
counterbalance  in  that  wheel.  The  balance  for  475  lbs.  is 
required  in  the  rear  wheel  and  this  is  accomplished  by  a 
weight  of  208  lbs.  with  a  radius  of  28 '/i  in.,  as  indicated  In  the 
diagram. 

Ratios. 

Heating  surface  to  volume  of  high  pressure  cylinders =  571 

Tractive  weiKlit   to   heating  surface =  29.7 

Tractive   weight   to   tractive   effort =  3.V5 

Tractive    effort    to    heating    surface =  7.92 

Heating  surface  to  grate  area =  61.3 

Tractive  effort   X    diameter  of  drivers  to  beating  surface.... =     578. 

Heating  surlaco  to  tractive  effort —  12.6% 

Total    weight    to    heating    surface =  61.7 

VAUCLAIN      4-CyLINDER      BALANCED      COMPOUND      PASSENGER 
LOCOMOTIVE. 

ATCHISON,    TOPISKA    &    SANTA    FE  JtAlLWAY. 

Gauge   4  ft.  8V4   Ins. 

Cylinder 15  and  25  x  26  Ins. 

Valve    Balance    piston 

Boiler — Type Wagon    top 

Diameter    66   Ins. 

Thickness  of  sheets 11/16  and  13/16  ma. 

Working   pressure 220    lbs. 

Fuel    Soft   cx)al 

Staying   ..'...' Radial 

Firebox — Material    ■. Steel 

Length   107  15/16  ins. ;  width,  66  Ins. 

Depth    front,    75%ins. ;    back,    67%    Ins. 

Thickness  of  sheets,  .sides,   %  ;  back,   %  ;  crown,   %  ;  tube,  7/16  In. 
Water  space front,  4%   Ins.;   sides,  5  Ins.;   back.  4  ms. 

Tubes — Material    Iron  ;  wire  gauge  No.  11 

Number   273;  diameter,  2 Vi   Ins. ;  back,  4  Ins. 

Heating   surface — Firebox 190    sq.    ft. 

Tubes    2.839   sq.   ft. 

Total    3,029  sq.  ft. 

Grate    area '49.4    sq.    It. 

Driving  wheels — Diameter  outside 73   Ins. 

Diameter  of  center CG    ins. 

Journals main,   10  x  11   Ins. ;   others,  9  x  12   lus. 

Engine  truck  wheels- — ^Diameter 34%  Ins. 

Journals 6  x  10  Ins. 

Trailing  wheels— -Diameter 44  Ins. 

Journals   8x12  Ins. 

Wheel   base — Driving 6   ft.    4    los. 

Rigid   15  "• 

Total   engine ■ -29  ft.   6  Ins. 

Total  engine  and  tender 58  ft.  3%    Ins. 

Weight — On  driving  wheels 90,000  lbs.  ■ 

On  truck,  front ??'5n?  1^  ' 

On   trailing   wheels,    estimate 45,000    lbs. 

Total  engine JgiJ^SS  -'S^' 

Total  engine  and  tender,  about 327,000  ids. 

Tank— Capacity    8,400    gals. 

Tender — Wheels   No.  8  ;  diameter,  34»4   ins. 

Journals  5%  X  10  Ins. 


STEEL    UNDERFRAMES   AND    STEEL    CARS. 


A  Business   Question. 


Does  it  pay,  from  a  business  standpoint,  to  build  cars   of 
80,000  lbs.  capacity  and  over  with  wooden  underframes? 


New  York  Central  &  Hudson  River  Railroad. 
Office  of  General  Superintendent  Motive  Power,  Rolling  Stock 
and  Machinery. 

I  would  say  in  a  general  way,  that  I  think  we  cannot  much 
longer  delay  the  use  of  the  steel  underframe,  and  it  also  looks 
as  though  the  upper  structure  of  cars  would  tend  toward  steel. 

J.  F.  Deems, 
General    Superintendent    Motive    Power,    Rolling    Stock    and 
Machinery. 


The  Baltimore  &  Ohio  Railroad  Company. 
Ofiice  of  General  Superintendent  of  Motive  Power. 
If  I  had  to  pay  for  equipment  out  of  my  own  pocket,  I 
would  certainly  build  cars  of  forty  tons  capacity  and  over, 
with  metal  underframes.  From  personal  observation,  I  am 
satisfied  that  the  life  of  a  car  with  wooden  frames,  no 
matter  how  strongly  built,  will  be  very  short;  also  that  it  will 
suffer  considerable  damage  when  mixed  with  steel  cars  in  the 
long  and  heavy  trains  that  are  hauled  by  modern  locomotives. 
That  the  cost  of  repairs  of  steel  cars  will  be  less  than  that  of 
wooden  cars  I  have  no  doubt  whatever,  and  the  experience  we 
have  had  so  far  confirms  this  view.  Of  course,  cars  with  steel 
underframes  have  not  been  in  service  as  long  as  is  the  case 
with  wooden  cars,  and  when  they  advance  in  age  the  cost  of 
maintenance  will  undoubtedly  be  greater  than  it  is  during  the 
first  few  years  of  their  life.  I  think,  however,  it  is  perfectly 
safe  to  predict  that  the  final  cost  will  be  considerably  less  for 
the  steel  cars  than  for  the  others.  F.  D.  Casanave, 

General  Superintendent  Motive  Power. 


Erie  Railroad  Company. 
Office  Mechanical  Superintendent. 
The  time  has  passed  when  steel  construction  should  be  con- 
sidered experimental.  I  cannot  indicate,  however,  that  for 
cars  of  80,000  lbs.  capacity  we  should  yet  depart  from  wood 
underframes,  as  the  first  cost  and  type  of  construction  have 
appealed  to  me  as  good  practice  up  to  the  present  time.  For 
anything  over  80,000  lbs.  capacity  we  are  in  favor  of  encourag- 
ing and  adopting  steel  for  underframes.  The  greatest  objec- 
tion to  steel  construction  in  the  past  and,  I  may  say,  even  at 
the  present  time,  is  in  the  design  and  arrangement  for  secur- 
ing the  box  to  the  steel  underframe  in  box  cars.  We  think, 
however,  that  this  can  be  overcome,  and  the  100,000-lb  capacity 
car  of  the  future  should  embody  in  its  make-up,  so  far  aa  pos- 
sible, a  type  of  metal  construction,  which,  from  our  point  of 
view,  is  quite  as  essential  in  a  box  car  as  in  other  cars. 

W.  S.  MOBBIS, 

Mechanical  Superintendent 
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Southern  Pacific  Company. 
Office  of  General  Superintendent  Motive  Power. 
We  have  as  yet  had  no  personal  experience  wltTi  steel  cars, 
although  we  are  now  having  some  3,100  cars  built  with  pressed 
ateel  underframes.  I  believe  the  steel  underframe  has  come 
to  stay.  At  a  meeting  of  the  motive-power  officers  of  all  of  the 
Harriman  lines,  now  in  session  here,  after  considerable  dis- 
cussion of  this  matter  it  was  decided  to  adopt  steel  under- 
frames for  all  future  freight  equipment.  H.  J.  Small, 

General  Superintendent  Motive  Power. 


Chicago,  Milwaukee  &  St.  Paul  Railway  Company. 

Office  of  the  General  Superintendent. 
My  experience  and  observation  in  the  matter  of  metal  under- 
frames for  cars  are  not  sufficient  to  express  a  decided  opinion. 
With  the  cars  with  which  I  have  had  experience  I  would  say 
that  the  maintenance  of  the  metal  underframe  is  materially 
greater  than  without.  It  is  possible  and,  I  think,  probable 
that  it  is  more  a  matter  of  design,  and  I  question  whether  the 
details  of  design  are  yet  sufficiently  worked  out  and  demon- 
strated, but  there  are  several  cars  of  various  designs  in  service 
now,  and  I  think  they  will  enable  us  to  settle  this  question  in 
the  course  of  a  few  years.  J.  N.  B.^kb, 

General  Superintendent. 


Grand  Trunk  Railway. 
Office  of  Third  Vice-President. 
In  view  of  the  fact  that  this  company  has  not  operated  any 
steel  cars  or  cars  with  steel  underframing,  I  am  unable  to 
speak  from  any  personal  experience.  Our  opinion  is  that  it 
is  economy  to  construct  cars  up  to  and  including  those  of  a 
capacity  of  40  tons,  of  wood,  but  that  on  cars  with  a  capacity 
of  more  than  40  tons,  it  would  prove  economy  to  use  the  steel 
underframing;  and  in  coal  cars,  where  the  car  is  a  hopper, 
self-clearing  type,  steel  throughout  is  desirable.  As  this  com- 
pany now  has  on  order  steel  cars  of  50  tons  capacity,  we  will 
be  able  later  on  to  speak  from  practical  experience. 

Frank  W.  Morse, 
Third  Vice-President. 


The  Delaware,  Lackawanna  &  Western  Railroad  Co. 
Office  of  Superintendent  Motive  Power  and  Equipment. 
I  would  say  that,  as  a  general  proposition,  the  time  has 
arrived  for  substituting  steel  for  wooden  construction  in  the 
underframe  of  all  cars  of  40-ton  capacity  and  over.  In  regard 
to  the  box  cars,  of  which  I  have  any  knowledge,  built  with  the 
steel  underframe,  I  think  the  ^yooden  sills  now  used  as  a 
foundation  for  the  box  of  the  car  are  too  light.  We  have  had 
several  cars  of  this  type  in  our  shops  for  repairs,  and  found 
the  wooden  sills  on  top  of  the  steel  underframe  had  split,  and, 
in  my  opinion,  if  these  ears  had  a  combination  Z-bar  and 
4  X  8-in.  outside  sill  for  holding  the  frame  of  the  box,  the  car 
would  be  very  much  improved.  T.  S.  Lloyd, 

Superintendent  Motive  Power  and  Equipment. 


The  Chicago  &  Alton  Railway  Company. 

Motive  Power  Department. 

Our  standard  for  all  box,  furniture,  stock  and  refrigerator 
cars  of  60,000  lbs.  capacity  and  over   is  steel   underframing. 

After  a  test  of  nearly  four  years  we  have  come  to  the  con- 
clusion that  the  steel  underframing  is  a  decided  success,  and 
in  my  opinion,  with  steel  cars,  equipped  with  strong  and  suit- 
able draft  gear  and  steel  trucks,  very  little,  if  any,  running 
repairs  will  be  needed.  My  experience  has  been  that  it  is 
almost  impossible  to  construct  a  draft  gear  on  a  wooden  car 
which  will  withstand  the  shocks  and  strains  to  which  a  car  is 
subjected  in  the  hea\'y  tonnage  trains  of  to-day.  I  realize  that 
serious  objections  have  been  raised  to  the  steel  sides  and  floors 
on  gondolas  on  account  of  corrosion.  This  is  not,  in  my  opin- 
ion, as  serious  as  is  claimed;  nor  will  the  corrosion  equal  the 
running  repairs  that  are  necessary  on  wooden  cars.  At  any 
rate,  the  corrosion  objection  cannot  be  made  against  steel 
underframing.  A.  L.  Humphrey, 

Superintendent  Motive  Power. 


Atchison,  Topeka  &  Santa  Fe  Railway. 

Motive  Power  Department. 
I  think  there  is  no  question  but  what  steel  underframes  are 
specially  desirable  for  large  capacity  cars.  With  cars  of  less 
than  80,000  pounds  capacity  it  is  practically  impossible  to 
design  a  steel  underframe  which  will  be  as  light  as  the  or- 
dinarily adopted  wooden  frame,  but  when  the  capacity  reaches 
80,000  pounds  it  can  be  done  without  difficulty,  and  as  the 
capacity  is  still  more  increased  the  advantage  will  be  un- 
questionably with  the  steel  underframing.  The  ordinary 
freight  cars  in  this  country  adapt  themselves  very  conven- 
iently to  steel  underframing,  and  there  have  been  hopper  bot- 
tom gondolas,  drop  bottom  gondolas,  box  cars,  and  practically 
all  varieties  built  with  this  framing.  With  stock  cars  it  seems 
in  a  measure  undesirable  on  account  of  the  drippings  from  the 
cars  having  an  action  upon  the  metal  parts  and  tending  to 
quickly  corrode  them,  but  there  are  very  few  stock  cars  that 
are  built  of  over  00,000  pounds  capacity.  AVe  have  very  little 
information  that  would  show  us  positively  the  advantage  in 
dollars  and  cents  of  the  steel  frame  car  over  the  wooden  car 
in  the  way  of  repairs,  but  we  know  from  experience  that  under 
ordinary  service  and  with  the  ordinary  care  in  protecting 
them  from  rust  and  corrosion  that  the  frames  will  last  very 
much  longer  than  wooden  frames,  which  are  subject  to  decay 
and  checking.  The  heavy  pulling  strains  induced  in  the 
drafts  of  freight  cars  by  the  large  locomotives  of  the  present 
day  more  than  ever  make  this  type  of  car  desirable,  and  par- 
ticularly as  center  sills  can  be  obtained  of  sufficient  depth  to 
embody  the  draft  rigging  and  also  to  take  the  pressure  from 
the  buffer  blocks,  when  cars  are  so  provided.  Taking  all 
points  into  consideration,  we  think  there  is  no  question  but 
for  large  capacity  cars — that  is  over  60,000  pounds,  and  some 
times  with  60,000  pounds — the  advantages  are  greatly  in  favor 
of  the  steel  frame  car.  G.  R.  Henderson, 

Superintendent  Motive  Power. 


Railroad. 

Office  of  Superintendent  Motive  Power. 
I  hardly  believe  that  the  subject  is  open  to  discussion.  The 
experience  all  roads  are  having  who  are  using  the  large  steel 
100,000  lbs.  capacity  cars  is  that  they  are  very  hard  on  the 
lighter  wooden  cars,  and  the  only  way  I  see  in  which  we  can 
permanently  save  our  l.ghter  cars  is  by  substituting  steel  cen- 
ter sills  with  the  same  heavy  draft  gear  as  used  on  our  100,000 
lbs.  capacity  cars.  We  are  doing  this  at  the  present  time  in 
our  60,000  lbs.  capacity  coal  cars.  It  costs  us  quite  a  little 
money,  but  we  nevertheless  feel  that  we  are  justified  in  doing 
it,  as  the  only  salvation  the  old  wooden  car  has  is  in  having  the 
same  strength  through  the  center  sills  and  draft  gear  that  the 
Heavier  car  has.  In  other  words,  I  do  not  believe  it  is  possible 
to  design  a  car  and  have  things  in  proportion  to  the  capacity  Oi 
the  car,  but  believe  that  the  center  sills  and  the  draft  rigging 
have  got  to  be  made  the  same  on  the  60,000  lbs.  capacity  car 
that  we  have  on  the  100,000  lbs.  car  if  we  expect  them  to  run  in 
the  same  trains  and  stand  the  same  hard  usage.  It  is  only  one 
step  further  to  substituting  an  entire  steel  underframing  for 
all  cars.  This  we  intend  to  do  in  all  new  work,  ..nd  in  all 
repair  work  where  the  cars  are  running  in  trains  that  have  the 

heavy  100,000-lb  capacity  cars  in  right  along.     On  the  

Railroad  we  have  no  box  cars  over  80.000  lbs.  capacity— 


and  comparatively  few  of  them — so  that  it  is  not  immediately 
necessary  to  go  into  the  steel  underframing  in  this  class  of 
car,  although  all  new  cars  that  we  are  having  built  are  built  on 
these  lines.  With  the  coal  car  the  situation  is  entirely  dif- 
ferent,  as  we  run   solid   trains  from   the  and  

regions  to  tide  water,  and  a  large  percentage  of  the  cars  in 
these  trains  are  the  regular  100,000  lbs.  capacity  steel  car,  and 
it  is  becoming  very  apparent  that  the  life  of  our  ordinary 
wooden  car  is  going  to  be  very  much  reduced  unless  the  matter 
is  taken  in  hand  very  promptly  and  steel  center  sills  substi- 
tuted for  the  present  wooden  construction. 


Superintendent  Motive  Power. 


June,  1903. 
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The  Pittsburgh  &  Lake  Erie  Railroad  Company. 
Unquestionably  Iho  stnel  unilerlraine  is  a  good  thing,  but  I 
believe  that  it  is  noithfr  necessary  nor  economical  to  use  it 
under  cars  of  less  llian  8(1,000  lbs.  capacity.  We  believe  that 
cars  of  40,000,  00,(100  and  (iO.OOO  lbs.  <'ai)acity  can  be  built  on 
wood  frames  of  siifflcient  strength  and  at  a  much  smaller  cost, 
but  for  any  heavier  capacity  it  is  undoubtedly  wise  to  use 
steel  underframes.  These  remarks  are  purely  an  opinion,  and 
are  not  based  on  actual  observance.  While  this  company  has 
a  large  equipment  of  all-steel  cars,  we  have  none  with  a  steel 
underframe  only.  L.  H.  Tubneb, 

Superintendent  Motive  Power. 


Railroad. 


New  York  Central  &  Hudson  River  Railroad  Company. 

[Editok's  Notk. — This  letter  was  written  before  Mr.  Waitt 
severed  his  connection  with  this  road.] 

In  my  opinion,  the  time  has  not  come  to  take  the  position 
absolutely  that  steel  should  be  substituted  for  wood  for  under- 
frames of  cars.  I  think,  however,  that  such  a  change  is  desir- 
able and  is  in  the  line  of  ultimate  economy.  Personally,  I  am 
so  well  convinced  of  the  desirability  of  this  change  that  I 
should  have  no  hesitation  in  recommending  and  advocating  the 
steel  underframe  on  new  freight  cars  of  40  tons  capacity  and 
over.  :  J3xperience  is  rapidly  being  developed  with  steel  under- 
frames which  will  undoubtedly  clearly  demonstrate  that,  even 
with  slightly  greater  first  cost,  the  net  result  due  to  less  ex- 
pense in  repairs,  and  greater  value  of  scrap,  is  decidedly  in 
favor  of  the  steel  underframe.  The  steel  underframe  can  Vs 
designed  to  give  lighter  weight  with  greater  strength,  and  the 
steel  sills  can  be  protected  so  as  to  reduce  the  depreciation 
from  corrosion  to  a  small  feature,  which,  as  compared  with 
decay  of  wood,  will  show  the  advantage  in  favor  of  steel.  A 
steel  underframe  makes  possible  much  greater  stability  in 
design  for  draft  rigging,  w-hich  in  wooden  cars  is  a  source  of 
heavy  expense  for  repairs.  In  designing  cars  with  steel 
underframes  particular  attention  should  be  given  to  providing 
for  good  protective  features  against  corrosion.  If  steel  is 
given  a  protective  coating,  care  should  be  taken  in  the  design 
to  prevent  friction  from  slight  moving  of  parts  which  would 
in  ahy  way  destroy  the  coating.  It  is  also  desirable  to  as  far 
as  possible  give  easy  access  to  as  much  of  the  metal  as  possible 
for  in-spection,  cleaning  and  painting.  In  conclusion,  I  believe 
the  steel  underframe  is  the  coming  type,  and  that  it  is  coming 
to  stay.  A.  M.  Waitt, 

Superintendent  Motive  Power  and  Rolling  Stock. 


Burlington  &  Missouri  River  Railroad  in  Nebraska. 
Office  of  Superintendent  Motive  Power. 
I  have  come  to  believe  that  the  steel  car  is  much  better  than 
the  wooden  construction.  The  steel  underframing  has  much  in 
its  favor.  It  appears  to  me  that  the  steel  underframing  will 
last  for  an  almost  indefinite  time  under  box  cars.  The  draft 
rigging  can  be  attached  in  a  more  rigid  and  permanent  way  on 
steel  cars  than  is  possible  on  wooden  construction,  and  with 
the  present  double-spring  rigging  the  annoyance  and  cost  of 
repairs  due  to  failure  of  draft  rigging  should  almost  entirely 
disappear.  Of  course,  cars  are  not  built  to  be  wrecked,  but  the 
experience  with  the  steel  underframe  cars  has  shown  that 
they  are  not  nearly  so  easily  damaged  in  a  wreck  as  are  the 
wooden  cars.  I  am  in  some  doubt  as  concerns  the  steel  under- 
framing  for  coal  cars.  The  question  here  seems  to  me  to  be 
whether  the  wooden  sill  will  rot  out  quicker  than  a  steel  sill 
will  rust  out.  In  the  case  of  coal  cars,  both  classes  of  sills 
are  exposed  to  the  weather.  On  the  whole,  I  believe  that  the 
steel  underframing  is  also  the  most  desirable  in  coal  cars.  It 
does  not  seem  to  be  so  much  a  question  of  the  desirability  of 
steel  underframing".  but  rather  how  soon  can  we  get  them  and 
get  ourselves  in  shape  to  take  care  of  them.  I  am  very 
strongly  in  favor  of  an  underframing  made  of  merchant 
shapes.  I  believe  cars  built  of  these  shapes  are  cheaper  to 
repair  than  those  made  of  special  sections,  and  again,  the  ma- 
terial can  he  obtained  more  readily.  R.  D.  Smith. 

Superintendent  Motive  Power, 


Office  of  the  General  Manager. 
We  are  preparing  designs  of  steel  underframes  for  the 
various  types  of  our  freight  cars  as  rapidly  as  jjossible,  with 
the  intention  of  eventually  using  the  steel  underframe  con- 
struction for  all  new  cars.  As  this  is  an  evolution  as  a  result 
of  a  number  of  years'  study  and  experience,  it  is  about  as  good 
evidence  as  you  could  have  that  in  our  Judgment  it  is  a  good 
business  proposition  to  discard  wood  for  steel  tor  underframes. 


General  Manager. 


Burlington  &  Missouri  River  Railroad  in  Nebraska. 

Office  of  Assistant  General  Superintendent. 
It  seems  to  me  that  for  a  great  deal  of  freight  the  concen- 
tration of  loads  into  fewer  units  is  so  advantageous  from  a 
train-tonnage  and  traffic-handling  standpoint  that  there  can  be 
little  question  as  to  the  wisdom  of  using  steel  members  for 
underframes.  Steel  bridges  have  entirely  taken  the  place  of 
wooden  bridges,  and  I  believe  that,  with  the  heavier  loads  and 
with  the  consequent  heavier  shocks  that  our  equipment  now 
receives,  steel  underframes  will  undoubtedly  be  regarded  in 
future  as  the  proper  material  for  most  of  our  freight-car 
equipment.  G.  W.  Rhooes, 

Assistant  General  Superintendent. 


Canadian  Pacific  Railway  Company. 

Mechanical  Department. 

I  referred  your  letter  in  connection  with  steel  car  construc- 
tion to  our  master  car  builder,  and  he  has  answered  me  as 
follows: 

"I  would  say  that  in  my  opinion  steel  underframes,  with  or 
without  truss-rods,  are  very  desirable  for  freight  cars  of  40 
tons  capacity  or  over.  Wood  is  becoming  more  difficult  to 
obtain  every  year,  and  when  obtained  is  almost  always  un- 
seasoned and  more  or  less  defective,  and  in  consequence  the 
floor  frames  of  all  classes  of  freight  cars  lose  shape  as  well  as 
strength,  and  deteriorate  very  rapidly.  It  would  appear  from 
the  great  demand  for  steel  floor  frames  at  the  present  time 
that,  the  only  reason  they  are  not  more  extensively  used  is  the 
difficulty  of  obtaining  them  fast  enough.  The  steel-frame  car 
has  shown  its  reliability  as  well  as  its  ability  to  withstand 
severe  shocks  and  derailment, -and  in  i-iew  of  the  fact  that 
repairs  to  it  amount  to  nothing  except  in  cases  of  accident  or 
derailment,  any  reasonable  expenditure  in  this  direction  is  in 
the  line  of  economy.  The  pressed  steel  frame,  being  practi- 
cally the  pioneer,  is  in  very  extended  use.  and  would  appear  to 
be  very  desirable  as  long  as  it  keeps  out  of  trouble,  but  when 
from  any  cause  the  frame  becomes  distorted  it  appears  to  be 
an  absolute  necessity  to  return  the  car  to  the  builders  for  re- 
pairs. The  steel  floor  frame  built  from  merchant  rolled  sec- 
tions, while  possibly  more  expensive  at  the  outset  and  some- 
what heavier,  obviates  these  objections.  But  there  have  been 
many  mistakes  made  in  building  steel  frames,  on  account  n 
improper  distribution  of  material.  In  addition  to  this,  ther. 
have  been  many  mistakes  made  in  the  way  of  unnecessary  dead 
weight.  There  is  no  doubt  in  my  mind,  however,  that  the  steel 
floor  frame  has  come  to  stay,  and  that  the  freight  car  of  five 
years  hence  will  have  not  only  steel  floor  frames  but  quite 
likely  steel  upper  frames.  In  connection  with  the  steel  floor 
frame,  a  good  friction  draft  rigging  should  make  it  possible 
to  operate  cars  with  practically  no  repairs.  The  greatest 
enemy  the  steel  floor  frame  has  at  the  present  time  is  rust, 
and  with  the  many  efforts  now  being  made  to  secure  something 
that  will  prevent  this,  there  can  be  no  doubt  that  science  will 
produce  something  which  will  remove  this  last  objection  and 
make  the  steel  floor  frame  an  unqualified  success." 

I  will  add  that  I  fully  concur  with  Mr.  Fowler's  views  in  this 
matter.  We  have  casually  considered  the  question  of  stee! 
underframes  for  our  future  new  equipment,  but  we  have  de- 
cided that  for  the  present  at  least  we  will  not  change  from 
wood  construction.  E.  A.  Wiixiams, 

Superintendent  Rolling  Stock. 
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Michigan  Central  Railroad  Company. 
Office  of  Superintendent  Motive  Power  and  Equipment. 
In  my  opinion,  the  underframes  of  50-ton  cars  and  upward 
should  be  made  of  steel.  In  regard  to  4U-ton  cars,  I  am  not 
sure.  Figures  from  the  manufacturers  show  that  our  40-ton 
box  car  would  cost  from  $100  to  $125  more  per  car  with  steel 
than  with  wooden  underframes.  I  am  inclined  to  think  that 
the  difference  in  the  cost  of  maintenance  would  not  warrant 
this.  E.  D.  Bronner, 

Superintendent  Motive  Power  and  Equipment. 


Seaboard  Air  Line  Railway. 
Office  of  Superintendent  Motive  Power. 

It  was  my  privilege  to  be  one  of  the  pioneers  in  the  matter  of 
steel  car  frames  for  freight-car  use,  excepting  the  Harvey  car, 
and  the  pipe-framed  car,  neither  of  which  designs  was  success- 
ful, owing  to  the  fact  that  they  were  principally  based  on  a 
substitution  of  metal  for  wood,  following  the  original  design 
and  pattern  intended  for  a  wooden  car,  and  without  due  refer- 
ence to  the  proper  use  of  steel.  Ihe  result  of  much  investiga- 
tion and  close  study  on  this  subject  has  led  me  to  feel  posi- 
tively certain  that  the  underframes  of  all  cars  of  80,000  capac- 
ity and  over  should  oe  built  of  steel,  for  the  following  reasons: 

The  steel  frame  made  out  of  commercial  shapes  is  lighter 
than  the  timber  trussed  frame  of  equal  strength.  The  steel 
frame  has  less  deflection  under  load  and  is  not  so  easily  dis- 
torted. The  strength  of  the  steel  frame  is  not  seriously  inter- 
fered with  by  shrinkage,  as  is  the  case  with  the  wooden  frame. 

Tlie  steel  frame,  when  properly  constructed,  do^s  noi  require 
tigncening  up,  but  when  once  riveted  together  is  complete  tor 
all  time,  barring  accident.  For  hopper  and  gondola  cars  I 
believe  strongly  that  the  side  framing  should  also  be  of  steel, 
and  I  believe  in  the  use  of  steel  end  posts  in  box  cars,  but  do 
not  believe  in  steel  side  trussing  for  box  cars.  With  steel 
frames  a  better  and  more  elastic  draft  gear  is  desired  than  witii 
the  wooden  frames,  to  save  the  couplers  from  injury,  as  the 
narshness  of  the  biow  is  much  greater  when  struck  by  a  rigid 
steel-framed  car  than  by  a  wooden  car,  where  the  sills  will 
yield  a  trifle  at  the  instant  of  contact.  Experience  has  shown 
that  cars  with  properly  built  steel  underframes  cost  very  little 
for  body  repairs,  and  that  the  investment  of  a  small  amount  of 
money  in  such  metal  underframes  pays  a  handsome  interest  in 
reducing  the  cost  of  maintenance. 

R.  P.  G.  Sanderson, 
Superintendent  Motive  Power. 


Maine  Central  Railroad  Company. 
Office  of  Superintendent  Motive  Power. 
My  experience  with  steel  cars,  and  also  with  cars  of  over 
30  tons  capacity,  is  limited,  since  the  road  with  wrhich  I  am 
connected  owns  no  such  cars.  We  have,  however,  at  the  present 
time  a  good  many  foreign  cars,  both  of  large  capacity  and  of 
steel  construction,  running  over  our  road,  and  since  almost  all 
of  them  are  practically  new  cai-s,  they  give  us  very  little 
trouble.  Almost  all  the  wooden  cars  of  40  tons  capacity  are 
box  cars,  and  thus  far  I  do  not  see  that  they  are  developing 
any  such  weakness  as  would  justify  the  conclusion  that  all 
wooden  construction  is  unfit  for  box  cars  of  this  capacity. 
Almost  all  the  flat  and  gondola  cars  of  over  30  tons  capacity 
which  we  handle  have  steel  underframes,  and  we  have  not  yet 
found  that  these  steel  underframes  require  any  repairs.  My 
own  feeling  in  the  matter  is  that  a  well-constructed  wooden 
box  car  of  00,000  to  80,000  lbs.  capacity  will  give  excellent  satis- 
faction and  prove  durable  under  existing  conditions  of  service. 
In  spite  of  the  hard  treatment  to  which  freight  cars  are  sub- 
jected in  freight  yards,  I  do  not  find  that  our  own  30-ton 
capacity  wooden  box  cars  built  in  the  last  three  years  are  going 
to  pieces  in  a  serious  way.  and  I  question  whether  the  very 
considerable  difference  in  cost  of  the  higher  capacity  box  cars 
with  steel  underframes  is  justified  by  the  difference  in  the 
cost  of  maintenance.  In  the  case  of  gondola  and  flat  cars,  it 
seems  to  me  that  the  question  is  very  different.  It  may  be 
possible  to  build  a  wooden  flat  car  which  will  successfully  with- 
stand  the  treatment  to  which   cars   are  subject,   but   I   am 


doubtful  in  regard  to  it,  and  I  believe  that  a  good  steel  flat  car 
is  distinctly  a  good  investment  to-day.  Where  the  conditions 
of  service  make  hopper  or  self-discharging  coal  cars  desirable 
it  seems  to  me  that  the  higher  capacity  steel  car  is  the  proper 
thing,  although  the  question  of  expense  in  maintaining  the 
steel  superstructure  of  coal  cars  is  one  which  requires  more 
experience  and  careful  consideration.  P.  M.  H.\mmktt, 

Superintendent  Motive  Power. 


& 


Railroad. 


Office  of  Master  Car  Builder. 
I  have  not  yet  taken  very  kindly  to  steel  cars,  and  especially 
to  that  class  of  steel  cars  that  carry  coal.  I  think  none  of 
them  have  been  in  service  long  enough  yet  to  test  their  econ- 
omy as  compared  with  a  first-class  wooden  car.  I  mean  so  far 
as  concerns  the  deterioration  of  the  metal  caused  by  sulphur, 
acids,  rust.  etc.  It  is  barely  possible  that  our  railroading  in 
this  section  is  not  severe  enough  to  pa"y  the  extra  cost  of  metal 
cars,  and  that  may  bias  my  opinion  somewhat.  I  certainly  be- 
lieve that  a  metal  car,  so  long  as  it  does  not  seriously  rust  or 
become  weakened  by  sulphur  or  chemicals,  will,  in  the  same 
class  of  service,  be  maintained  at  a  lower  cost  of  repairs  than 
the  ordinary  wooden  car.  Time  will  tell  whether  or  not  I  am 
right  on  this  subject.  I  have  no  objection  to  your  making  use 
of  this  letter,   except  that  I   do  not  wish   its  author  quoted. 


Master  Car  Builder. 


Butte,  Anaconda  &  Pacific  Railway  Company.  / 
Office  of  Vice-President  and  General  Manager. 
Our  experience  in  the  handling  of  copper  ores  and  smelter 
supplies  has  taught  us  that  a  wooden  car  will  not  stand  up 
under  the  tests  necessary  to  subject  them  to.  We  use  the  pressed 
steel  cars  of  100,000  lbs.  capacity  for  ore  and  other  smelter 
material,  and  do  not  find  any  noticeable  deterioration  by  rea- 
son of  corrosion.  We  paint  interiors  of  cars  used  in  flue  dust 
service.  The  only  serious  problem  in  tiie  use  of  large-capacity 
steel  cars  is  the  development  of  sharp  flanges,  caused  by  the 
sagging  of  bolsters,  the  load  being  carried  on  side  bearings 
and  preventing  proper  curvature  of  trucks.  The  distance  be- 
tween side  bearings  has  been  increased,  but  does  not  afford  the 
necessary  remedy,  as  in  the  course  of  a  few  weeks  the  bolster 
sags  to  its  old  position.  We  are  experimenting  with  different 
forms  of  side  bearings  that  will  engage  the  load  but  permit 
proper  curvature  of  trucks.  Whether  or  not  we  can  solve  the 
problem  is  entirely  a  matter  of  conjecture.        M.  S.  Dean, 

Vice-President  and  General  Manager. 


Railroad. 


Motive  Power  Department. 
While  we  have  not  been  users  of  metaJ  underframing  to 
any  extent,  we  have  had  considerat)le  experience  with  it  on 
cars  belonging  to  other  companies,  and  from  what  I  have  seen 
of  it,  I  am  firmly  of  the  opinion  that  the  time  has  not  arrived 
for  such  a  change,  excepting  the  use  of  metal  for  center  sills 
only.  We  have  used  wooden  underframing  with  metal  center 
sills  to  a  very  great  extent  with  complete  success.  I  believe 
it  would  be  to  the  interest  of  railroad  companies  to  construct 
certain  classes  of  freight  cars  with  steel  center  sills  in  the 
wooden  underframe,  such  metal  sills  to  be  so  arranged  that 
the  strains  of  pulling  and  buffing  will  come  in  direct  line  with 
the  couplers.  There  are  other  classes  of  cars,  such  as  ore  cars, 
which  are  very  short  in  construction,  and  can  be  built  cheaper 
with  wooden  underframe,  which,  if  properly  constructed,  tak- 
ing the  corrosion  into  consideration,  will,  I  believe,  outlast  the 
metal  underframe  made  of  present  weights.  We  have  had  200 
50-ton  capacity  ore  cars  in  service  since  April,  1900,  and  in  the 
following  year  the  number  was  increased  to  600,  all  having 
wooden  construction  throughout,  and  up  to  the  present  writing 
we  have  spent  practically  nothing  for  maintenance  of  these 
cars.  As  to  box  cars:  I  think  it  a  well-established  fact  that 
wooden  sides  and  intermediate  sills  will,  barring  accident, 
last  from  twelve  to  twenty  years,  and  metal  sills  will  become 
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useless  from  corrosion  before  this  length  of  time.  Where 
metal  unilorframes  are  used  in  the  construction  of  a  box  car 
I  know  of  no  way  the  braces  can  be  applied  to  perform  the 
same  service  given  In  wooden  underframe  cars.  Where  the 
latter  are  properly  constructed  the  camber  is  put  in  with  the 
braces,  and  the  seasoning  of  the  sill  and  plate  will  bring  the 
settlement  on  the  braces,  but  it  will  not  settle  below  a 
straight  line,  and  the  upper  part  of  the  car  is  therefore  held 
firmly  in  position.  This  feature  cannot  be  obtained  where  the 
underframing  is  of  metal,  because  there  is  no  camber  in  the 
car  when  built,  and  when  the  roof-plate  and  the  wooden  rests 
for  posts  and  braces  season  a  little  there  will  be  no  settle- 
ment, as  in  the  case  of  the  wooden  underframe  car,  and  the 
consequence  is  that  the  braces  become  loose,  allowing  the  top 
portion  of  the  car  to  work,  and  this  working  and  racking  is 
very  detrimental.  The  roof,  sides,  doors,  floor,  posts,  braces 
and,  in  fact,  the  whole  portion  of  the  car  above  the  sills,  as 
well  as  the  couplers,  springs,  followers,  draw-lugs,  trucks,  bol- 
sters, air-brakes  and  fittings,  will  depreciate  as  much  where 
the  underframing  of  the  car  is  of  metal  as  it  will  in  the  case 
of  a  wooden  underframe,  so  that  the  only  portion  on  which 
the  depreciation  will  differ  will  be  in  the  underframing  itself. 


Master  Car  Builder. 


& 


Railroad. 


Office  of  Superintendent  Motive  Power.' 
I  think  we  have  arrived  at  the  time  when  the  wooden  under- 
framing  will  be  largely  superseded  by  steel  from  the  fact  that 
with  engines  of  tractive  power  running  from  40,000  to  60,000 
lbs.  it  is  impossible  to  get  a  satisfactory  wooden  structure  to 
stand  the  racket  induced  by  such  heavy  strains  either  in  ten- 
sion or  compression;  even  if  the  wooden  underframing  con- 
struction is  to  be  perpetuated  it  would  seem  as  absolutely 
necessary  that  some  central  member  of  steel  be  embodied  in 
that  construction  to  provide  for  the  longitudinal  strains  of 
tension  and  compression.  If  a  railroad  is  entirely  circum- 
scribed with  its  own  business  and  does  not  interchange,  and 
the  motive  power  is  not  of  the  increasing  capacity  of  the  day,  a 
wooden  underframe  construction  might  be  perpetuated,  but  for 
interchange  business  all  over  the  country  I  believe  that  a 
wooden  underframe  in  new  construction  will  soon  be  a  thing  of 

the  past.  , 

Superintendent  Motive  Power. 


Chicago  Great  Western  Railway. 
Office  of  Superintendent  Motive  Power. 

I  have  had  no  experience  with  steel  underframe  cars  of  any 
capacity,  nor  wooden  cars  of  a  capacity  greater  than  35  tons. 
and  not  having  an  accurate  distribution  of  cost  of  maintenance 
of  wooden  cars  under  40  tons,  I  have  some  hesitation  in  at- 
tempting to  answer  the  question. 

To  consider  the  question  as  related  to  30  and  35-ton  cars,  it 
may  be  assumed  that  wood  and  steel  underframe  box  cars 
have  the  same  light  weight;  that  wooden  cars  cost  $800  and 
steel  underframe  cars  $950;  that  depreciation  of  a  wooden 
car  is  5  per  cent,  and  of  a  steel  car  3  per  cent,  per  annum; 
that  the  cost  of  maintenance  of  wooden  cars  of  good  construc- 
tion is  as  follows: 

Material  per  Labor  per  Total  per  Total  oer 

car  year.  car  per  car  per  100 

year.                     year.  mile?. 

Sills     $   .50  $   .50  $1.00  .014 

Couplers     1.00  .50                     1.50  .022 

Draft  timbers    1.50  1.00                     2.50  .036 

D.   B.  pockets 70  1.30                     1.00  .014 

Other  repairs  and  wrecks    ....  ...  15.00  .214 

Total     11.00  10.00  21.00  .300 

It  is  also  assumed  that  the  breakage  of  steel  sills  will  be 
less  than  that  of  wooden  sills,  but  that  on  account  of  greater 
rigidity  there  will  be  more  broken  couplers  with  steel  sills 
and  that  it  will  be  necessary  to  paint  steel  sills  more  fre- 
quently to  prevent  corrosion;  that  the  cost  of  maintenance  of 
the  steel  cars  will  be  the  same  as  that  of  the  wooden  cars,  less 
draft  timbers  and  sills,  or  say  25  cents  per  100  miles;  that  the 
average  mileage  of  wooden  cars  in  service  (that  is.  not  held 
for  repairs)  is  7,300  miles  per  year;  that  5  per  cent,  of  the 
wooden   cars  are  constantly  on  the  repair  track;     that  the 


number  of  steel  cars  on  repair  tracks  is  less  in  proportion  as 
repairs  per  mile  are  less,  or  say  4  per  cent.  Therefore,  an 
investment  in  1.05  wooden  cars,  or  $840,  is  necessary,  and  in 
1.04  steel  cars,  or  $988,  to  make  .,300  miles  per  year.  There- 
fore, we  have  for  the  wooden  car: 

.$K)o  at   10%    (5%   interest   and   5%  depreciation) $  84.00 

ltepalr»,  7,300  milcB  at  30  cents 21.90 

Total »105.90 

And  for  the  steel  cars  : 

^iiHH    at    8%    15%    Interest    and    3%   depreciation).;..*  79.04 

Hepaira,  7,.'iOO  miles  at  25  cents 18.25 

97.29 

*8.61 
a  saving  in  favor  of  steel  car  per  year  of  $8.t!l,  or  about  8 
per  cent. 

It  would  seem  from  these  figures  that  the  percentage  of 
total  repairs  to  be  saved  by  use  of  steel  underframes  is  too 
small  and  uncertain  to  justify  the  additional  investment  of 
20  per  cent,  in  first  cost  in  cars  of  30  and  35-ton  capacity.  As 
the  capacity  increases  I  presume  the  cost  of  maintenance  of 
wooden  cars  would  increase  more  rapidly  than  that  of  steel 
cars,  and  that  there  would  be  a  farther  saving  in  the  use  of 
steel  cars  by  reason  of  their  lighter  weight  for  a  given  capacity. 
The  loss  by  wrecks  is  no  doubt  less  with  steel  cars  on  account 
of  less  cars  totally  destroyed,  but  there  are  no  doubt  a  good 
many  cases  of  partial  damage  where  broken  sills  are  easily 
replaced,  whereas  bent  and  distorted  steel  sills  are  expensive 
to  straighten  or  renew.  Experience  with  steel  tender  frames, 
steel  trucks  and  steel  brake-beams  indicates  that  corrosion  is 
quite  rapid  unless  they  are  kept  painted.  The  damage  to 
underframing  of  wooden  cars  is  largely  due  to  concentration  of 
shocks  at  the  center  sills  or  draft  timbers,  and  I  believe  that 
the  serviceability  of  wooden  underframing  can  be  materially 
improved  if  the  jerks  and  blows  can  be  more  uniformly  dis- 
tributed to  all  the  sills.  David  Van  Alstyne, 

Superintendent  Motive  Power. 

Santa  Fe  Coast  Lines. 
Motive  Power  Department. 
My  first  experience  with  the  all-metal  car  was  on  the  Nor- 
folk &  Southern  Railroad  where  we  had  a  lot  of  iron  pipe  cars, 
leased  from  the  Southern  Car  Company,  anu  which,  under  the 
conditions  then  existing  on  that  railroad,  where  we  had  very 
small  grades  and  light  engines  (not  over  18-in.  cylinders),  the 
cars  gave  splendid  service  compared  with  the  wooden  cars, 
which  gave  us  a  great  deai  of  trouble  by  rotting,  and  which,  in 
consequence,  we  were  always  rebuilding  or  putting  in  two  or 
three  new  sills  with  the  ensuing  large  expense.  The  first  thing 
we  noticed  was  that  the  iron  pipe  cars  were  very  seldom  in  the 
shop  for  repairs,  in  fact,  hardly  ever  there  unless  they  had  got 
into  a  wreck.  We  then  began  to  inquire  whether  they  were  not 
less  expensive  for  maintenance  and  repair  than  the  wooden 
cars,  and  tried  to  Lnd  out  by  keeping  the  exact  cost  of  repair- 
ing these  cars  and  a  series  of  wooden  cars  of  about  the  same 
age,  and  found,  if  I  remember  rightly,  the  wooden  cars  cost 
eight  times  as  much  to  keep  in  repair.  As  soon  as  we  were  sat- 
isfied on  this  point  we  started  to  design  cars  made  of  commer- 
cial shapes  and  which  could  be  more  easily  put  together  and 
easier  to  maintain  than  the  pipe  cars,  which  required  a  large 
number  of  special  parts  for  repairs.  We  tried  to  make  a  design 
as  simple  as  possible,  and.  in  fact,  the  body  of  the  car  was  noth- 
ing further  than  commercial  shapes  cut  to  length  and  fastened 
together,  and  the  usual  truss  rods  applied  underneath  the  car. 
These  cars  were  fully  described  in  a  paper  read  before  the  New 
York  Railroad  Club  about  ten  years  ago.  The  figures  given 
in  the  paper  showing  comparative  cost  of  repairs  between  the 
wooden  and  metal  cars  were.  I  think,  a  great  surprise  and.  I 
believe,  the  first  figures  made  public  giving  this  information. 
The  pipe  cars  referred  to  were  40,000  capacity,  if  I  remember 
correctly,  while  the  new  cars  designed  by  the  Noi^olk  & 
Southern  were  60,000  lbs.  The  first  of  the  Norfolk  &  Southern 
cars  were  built  about  1892,  and  I  know  that  during  the  next  six 
or  seven  years,  while  I  was  with  the  road,  this  car  was  posi- 
tively as  good  as  n'--v.  It  had  been  kept  painted,  was  well  able 
to  carry  its  load  and  had  not  got  Into  any  wreck,  so  that  every 
time  the  car  was  repainted  it  was  impossible  for  anyone  to 
distinguish,  by  examination,  whether  the  metal  frame  was  « 
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new  or  old  one.  it  was  this  main  fact  whicli  encouraged  us  to 
build  some  more  steel  cars,  and  some  were  built  by  the  Balti- 
more Car  Works  about  189C,  all  of  which  gave  splendid  service,' 
and,  I  believe,  are  still  giving  perfect  satisfaction.  About  a 
year  ago,  however,  i  heard  that  the  first  car  built  had  just  been 
in  a  bad  wreck,  but  whether  it  was  totally  destroyed  or  not  1 
cannot  say. 

These  cars  were  designed  with  capacity  equal  to  the  largest 
cars  made  in  those  days  and  which  were,  ana  still  are,  enough 
for  the  traffic  which  exists  in  that  part  of  the  country.  The 
great  developments  in  design  and  capacity  made  by  B.r.  Schoen 
and  his  associates  in  the  Pressed  Steel  Car  Company  were  not 
thought  of,  and  the  step  taken  by  them  was,  of  course,  a  most 
important  one  in  the  development  of  the  steet  car  question,  and 
was,  I  presume,  brought  about  by  the  opportunity  presented  in 
hauling  ore  to  the  furnaces. 

While  designing  the  cars  for  the  Norfolk  &  Southern  Rail- 
road I  learned  that  the  making  of  steel  cars  for  freight  service 
was  a  common  practice  in  Germany  and  some  of  the  other 
European  countries,  and  that  t_ey  were  so  successful  that  the 
officers  of  the  roads  would  not  think  of  returning  to  tne  use  of 
wood,  and  I  hold  strongly  to  the  opinion  that  all  railroad 
companies  should  use  steel  underframes  instead  of  wooden 
ones,  and  I  believe  that  while  the  first  cost  is  greater,  the 
yearly  cost  of  maintenance  and  renewals  would  be  very  much 
decreased  while  the  life  of  the  car  would  be  prolonged  to  an 
indefinite  period,  only  provided  that  the  metal  is  kept  con- 
stantly  and   properly   covered   with  paint. 

G.    R.    JOUGHINS, 

Mechanical  Superintendent. 


Norfolk  &  Southern  Railroad  Company. 
Tne  six  flat  cars  designed  by  MT.  Joughins.  and  built  under 
his  personal  supervision,  have  given  excellent  service  and  are 
still  doing  so.  Some  cars  of  similar  design  that  were  after- 
ward built  by  contract  have  not  been  so  satisfactory,  due  to 
lack  of  due  care  in  construction  and  the  use  of  light  material. 
Turned  bolts  were  used  by  Mr.  Joughins  in  the  construc- 
tion of  his  cars,  and  great  care  taken  in  fitting  the  parts  to- 
gether properly,  ana  the  wisdom  of  so  doing  is  shown  by  their 
present  condition,  the  six  original  cars  being  now  in  practically 
perfect  condition  while  the  contract  cars  are  giving  more  or 
less  trouble.  The  cost  of  repairs  has  been  principally  for 
painting  and  decking.  The  cars  have  been  used  for  hauling 
pine  logs  almost  exclusively,  and  the  decking  being  of  pine 
IVi  in.  thick,  and  the  space  between  the  side  and  intermediate 
sill  unusually  wide,  have  necessitated  frequen*  renewal  or 
broken  decking.  I  think  the  decking  should  have  been  oak  3 
in.  thick.  The  average  cost  of  the  six  cars  built  by  this  com- 
pany, for  the  five  years  ending  January  31,  1903,  has  been 
$9.25  per  car  per  year,  including  cost  of  journal  bearings, 
repairs  to  air  brakes  and  couplers,  decking,  painting,  etc.  The 
amount  expended  on  the  steel  car  proper  has  been  very  small 
indeed.  John  Whitrstone, 

Acting  Superintendent  Motive  Power. 


,  Central  Railroad  Company  of  New  Jersey. 

Office  Superintendent  Motive  Power. 
We  received  1.000  steel  hopper  cars  of  the  pressed  steel  type 
in  April,   1901,     These  have  cost  us   since  for  repairs  about 
$10,60  per  car  annually,   distributed  as  follows: 


1902. 


1903. 


Total. 


Details.  1901. 

Bodies      exclusive      of      body 

bolsters      $129.66  $2,473.97  $100.74  $2,704.37 

Body  bolsters    15.01        15.01 

Sills     74.39  22.82  97.21 

Draft      riggin?,      exclusive    of 

couplers     1.22        1.22 

Couplers    and    knuckles 202.83  837.04  588.74  1,628.61 

Hoppers   and    attachments....         12.88  137.46  32.50  182.84 
Brake,     piping     and     attach- 
ments              2.686.53  1.718.97  230.28  4,635.78 

Trucks,    exclusive    of    wheels. 

axles  and  truck  bolsters 1.235.96  520,82  247.75  2,004.53 

Wheels   and   axles 306.41  496.11  279.63  1,082.15 

Truck    bolsters     384.27  10.08        394.35 

Journal   bearings   and   kevs.  .  .       180.37  284.40  16.33  481.10 

Hand  holds  and  steps 6.04  18.57         24.61 

This  includes  a  lot  of  painting.    Cars  properly  painted  at  the 
car  works  should  not  require  paint  of  any  kind   before  two 

years  of  service.     Regardless  of  the  cost  of  suitable  wood  for 


car  construction,  the  steel  underframing  finds  favor  on  account 
of  the  additional  strength  given  per  pound  of  degid  weight, 
which  is  considerable.  We  are  so  confident  of  this  that  our 
orders  for  cars  this  season  embracing  steel  underframing 
amount  to  2,600.  We  feel  that  the  time  has  arrived  when  only 
steel  shapes  of  commercial  form  should  be  considered  for  this 
purpose.  The  figures  we  give  you  do  not  include  the  cost  of 
repairs  caused  by  accident,  such  as  collisions  or  derailments. 
These  cars  required  a  large  amount  of  rather  expensive  re- 
placements which  made  the  cost  of  maintenance  abnormally 
high,  in  addition  to  the  painting. 

These  cars  at  the  present  time  are  standing  up  nicely  on  their 
centers,  and  are  giving  no  trouble  on  account  of  cut  flanges. 
We  feel  I'onvinced  that  the  time  has  arrived  to  employ  steel  for 
underframing  on  all  kinds  of  cars  in  place  of  wood.  Our  pref- 
erence is  largely  in  favor  of  structural  steel  for  frames,  and 
we  have  only  used  this  form  in  the  frames  now  building  for 
this  company.  Our  experience  leads  us  to  believe  that  repairs 
can  be  made  at  much  less  expense  where  structural  steel  is 
employed  than  where  the  pressed  forms  are  used,  and  that 
there  will  be  much  less  trouble  in  securing  the  material  for 
repairs  than  where  special   forms  are  employed. 

W.  MoIniosh, 
Superintendent  Motive  Power. 


Norfolk  &  Western  Railway. 
Office  of  Superintendent  Motive  Power. 
I  take  pleasure  in  enclosing  you  copies  of  letters  from  Mr. 
Friese,  general  foreman,  car  department,  under  date  of  April 
1  and  November  11,  1902,  submitting  all  of  the  information 
which  he  has  been  ao.e  to  collect.  You  understand,  however, 
that  we  have  not  provided  any  facilities  for  the  repairs  of  these 
cars,  and  the  work  is  being  done  by  ordinary  car  repairers, 
with  the  same  tools  which  we  had  prior  to  the  adoption  of  the 
steel  framed  cars,  which  does  not  therefore  represent  what 
may  be  accomplished  if  special  tools  and  facilities  were  pro- 
vided for  doing  this  work.  It  is,  however,  interesting,  inas- 
much as  it  represents  in  a  general  way  the  fact  that  these  cars 
may  be  maintained  with  the  same  class  of  labor  which  we 
employed  when  only  the  wooden  car  was  used.  In  fact,  it  is 
my  opinion  less  skilled  labor  is  required,  as  it  only  requires  one 
man  in  charge  to  qo  laying-out  work  and  the  straightening  of 
parts,  riveting,  etc.,  may  be  done  with  ordinary  laboring 
forces.  We  have  lately  recommended  the  erection  of  a  struc- 
tural shop  for  the  manufacture  and  repairs  of  this  class  of 
equipment  provided  with  punches,  shears,  furnaces,  clamps, 
traveling  cranes,  pneumatic  machinery,  etc..  where  this  work 
can  be  prosecuted  to  better  advantage  than  at  the  present  time. 

W.  H.  Lewis, 
Superintendent  Motive  Power. 


Norfolk  &  Western  Railway  Company. 
Mr.  W.  H.  Lewis,  November  11,  1902. 

Superintendent  Motive  Power. 

Up  to  April  1st  of  this  year  we  had  not  gone  into  keeping 
accurate  record  so  extensively  of  this  work  and  we  then  pre- 
dicted that  the  cost  of  repairs  on  these  cars  would  range  from 
$175  for  badly  wrecked  cars  down  to  $20  for  those  slightly  dam- 
aged. Since  that  time  we  have  kept  records  of  the  cost  of  this 
work  on  a  large  number  of  cars  and  find  the  above-mentioned 
flgures  do  not  vary  greatly  from  the  ones  now  obtained,  in 
which  we  find  the  lowest  cost  to  be  $20.36  and  the  highest 
$183.48.  We  did  not  find  any  material  difference  in  repairing 
the  class  "HF"  and  class  "HG"  hoppers,  although  the  class 
"HF"'  cars  do  not  have  steel  side  frames,  they  do  have  15-in. 
side  sills  and  bolsters  more  complicated  and  costing  for  repairs 
more  than  the  same  parts  of  class  "HG"  hoppers.  We  have 
classified  the  repairs  as  follows: 

No.  1. — Repairs  will  include  the  entire  cutting  apart  of  the 
frame,  straightening  and  re-riveting  it,  with  complete  or 
nearly  complete  renewal  of  woodwork,  repainting  and  re-sten- 
cilling. 

No.  2. — Repairs,  cutting  apart  entire  framework,  straighten- 
ing and  re-riveting  it.  with  partial  renewal  of  woodwork,  re- 
painting and  re-stencilling. 
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No.  3. — Repairs,  to  include  cutting  apart,  straightening  and 
re-rivetlng  one-half  (more  or  less)  of  the  framework,  with 
renewal  of  one-half  (more  or  less)  of  the  woodwork,  with 
painting  or  partial  repainting  of  car. 

No.  4. — Repairs  will  include  such  cars  on  which  the  bent  or 
damaged  part  of  tlie  frame  may  be  straightened  and  re-riveted 
without  removal.  With  renewal  of  rods,  rivet.s,  bolts  and 
woodwork  that  would  ordinarily  follow  slight  uaniage,  with 
partial  repainting  and  stencilling. 

Cost  of  Work  Under  Above  Classification. 

No.  1. — Repairs,  average,  labor  $100.23,  material  $34.55, 
total  $134.78. 

No.  2.— Repairs,  labor.  $77.89,  materials  $30.46,  total  $108.35. 

No.  3.— Repairs,  labor  $36.48,  material  $11.02,  total  $47.50. 

No.  4. — Repairs,  average,  labor  $15.79,  material  $9.94,  totai 
$25.74. 

For  No.  1 — Repairs,  lal>or  74  per  cent.,  material  26  per  cent. 

For  No.  2 — Repairs,  labor  73  per  cent,  material  27  per  cent. 


For  No.  3 — Repairs,  labor  76  per  cent.,  material  24  per  cent. 

For  No.  4 — Repairs,  labor  61  per  cent.,  material  39  per  cent. 

For  all  classes  of  repairs — Labor  82%,  material  18%. 

All  of  the  above  figures  for  labor  point  to  the  necessity  tor 
the  erection  of  a  building  in  which  to  house  necessary  tools 
and  equipment  to  cheapen  cost  of  such  repairs.  With  the 
large  additions  now  being  made  to  our  steel  car  equipment 
the  present  facilities  are  totally  inadequate,  irrespective  of  the 
additional  expense  necessary  on  account  of  not  having  proper 
means  to  handle  this  work.  N.  L.  Fkiese, 

Oeneral  Foreman. 


The  Christenson  Engineering  Company,  Milwaukee,  WlB., 
state  that  increased  business  in  Christenson  air-brakes  and 
"Ceco"  electrical  machinery  requires  a  change  in  their  organ- 
ization which  will  place  their  business  in  the  hands  of  a 
newly  organized  concern — the  National  Electric  Company — 
with  purposes,  ownership  and  management  the  same  as  l)€fore. 


THE    APPLICATION    OF   INDIVIDUAL   MOTOR  DRIVES 
TO    OLD    MACHINE    TOOLS. 


McKees   Rocks   Shoi>s. — Pittsburcih   &  Lake  Erie  Railroad. 


BY  B.  V.   WRIGHT,  MECHANICAL  ENGINEER. 


III. 


Upon  undertaking  the  drawing  up  of  designs  for  adapting  the 
individual  motor  drive  to  the  engine  lathes  it  was  decided  to 
use,  as  far  as  possible,  the  arrangement  of  gearing  described 
in  the  previous  article  of  this  series  (pages  165-168  of  the 
May,  1903,  issue).  Because  of  the  construction  of  the  head- 
stocks  of  some  of  the  lathes,  however,  it  was  found  necessary 
to  modify  this  in  a  few  cases. 

On  an  old  type  of  25-in.  Putnam  lathe  it  was  found  necessary 
to  arrange  the  gearing  as  shown  in  Pig.  9.  The  silent  chain 
sprocket,  B,  and  the  gear,  C,  are  keyed  to  an  extension  hub  on 
the  right-hand  clutch.  Gears  H  and  F  run  loose  on  the  main 
spindle,  the  drive  to  the  back  shaft  and  the  other  connections 
being  similar  in  principle  to  those  in  the  motor  drive  pre- 
viously illustrated  on  page  167. 

As  shown  in  Fig.  10  this  throws  the  motor  nearer  the  middle 
of  the  headstoclv  than  in  the  arrangement  shown  in  Pig.  4,  page 
166.    It  also  does  away  with  the  special  clutch  handle  bracket 


Motor 


A 


13  Teeth 


Latlie 
5    Spindle 


shown  to  the  right  of  the  motor  bracket  in  Fig.  i  (page  167); 
in  this  case  the  bracket  which  supports  the  motor  carries  both 
the  clutch  handles,  as  shown  in  tig.  10. 

Another  interesting  case  is  that  of  a  42-in.  Niles  triple 
geared  engine  lathe  (Pig.  12),  which  required  very  little  chang- 
ing, only  one  run  of  gears  and  a  clutch  being  added.  In  this 
case  the  belt  cone  is  simply  removed  and  replaced,  as  indicated 
in  Fig.  11,  by  a  sleeve,  which  carries,  in  addition  to  the  pinion 
1  and  the  regular  latch  plate,  a  new  gear,  3,  and  the  silent 
chain  sprocket,  10.  On  the  back  shaft  are  added  a  double 
clutch  and  a  new  gear,  4.  Gears  1,  2,  5,  6,  7  and  8,  are  the 
original  ones  while  gears  3  and  4  and  chain  spockets  9  and 
10  are  new.  ti«ar  2  (Fig.  llj  in  place  of  being  keyed  to  the 
back  shaft,  runa  loose  upon  it,  and  the  jaw  clutch  mounted 
upon  it  simply  fits  over  the  hub  of  the  gear  and  is  keyed  to 
it,  as  indicated  in  ihe  detail  view  at  the  left  of  Fig.  12.  This 
special  sleeve  clutch  is  shown  in  detail  in  Fig.  13. 

Upon  this  type  of  triple  geared  lathe  the  pinion,  indicated 
at  7,  on  the  end  of  the  back  shaft,  is  arranged  for  meshing 
with  an  inside  gear  at  the  rear  of  the  face  plate;  when  it  is 
thrown  over  into  mesh,  gear  5  is  carried  along  the  back  shaft 
with  it  and  out  of  mesh  with  gear  6. 

With  the  set  of  new  gears  which  have  been  added  we  will 


9. — ABEANGEUENT    Oi'    GEARING    FOUND    NECESSARY   ON    A 
2B-IN.    PUTNAM    LATHE. 


FIG.    10. — METHOD    OF    MOUNTING    THE    MOTOR   UPON   THI 
26-IK.    PUTNAM    LATHE. 
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have  five  runs  of  gearing,  or  five  different  speeds,  for  each 
motor  speed.     These  reductions  will  be  as  follows: 
16 

First:       (direct,  through  latch  plate); 

70 

16  52  47 

Second:  X X ; 

70        119        100 

16  31  47 

Third:     X X ; 

70        140        100 

16  52  15 

Fourth:  X X ;  and 

70        119  92 

16  31  15 

Fifth:      X X . 

70        140  92 

The   various   runs   overlap   each   other,   in   some  cases,   but 
they  cover  the  desired  range  of  speed  very  niL3ly. 

The   lathe   spindle  speeds,   in   revolutions   per   minute,   run 
thus: 


40  volts. 


First  run  . . 
Second  run 
Third  run  . 
Fourth  run 
Fifth    run    .  . 


5.7  h.p.        10.3  h.p. 

80  volts.     160  volts. 

55  ■        120 

24.8 

12.5 

8.6 

2  4.3 


Maximum. 

241 
49.5 
25 
17 
8.7 


On  this  lathe  the  higher  run  will  not  be  used  much  and 
full  power  will  not  be  required  at  these  speeds. 

In  applying  the  motor,  used  in  this  case,  the  original  main 
spindle  and-  back  shaft  journal-bearing  caps  are  removed  and 
the  cast-iron  brackets  which  carry  the  angle-iron  support  for 
,  the  motor,  as  shown  in  Fig.  12,  are  fitted  in  their  places.  The 
top  of  the  main  spindle  journal  brass  is  flat,  which  permits  the 
bracket  to  be  very  readily  fitted.  The  bracket  required  for 
this  support  is,  of  course,  of  a  special  design,  as  is  indicated 
in  the  detail  drawing  of  it  presented  in  I'ig.  14.  It  will  be 
noted  from  Fig.  12  that  these  two  special  brackets  take  care 
of  the  end  bracing  also,  inasmucn  as  they  are  merely  tied  to- 
gether at  the  top  by  angle  bars. 

In  closing  the  discussion  on  the  application  of  the  individual 
motor  drive  to  engine  lathes  which  were  originally  designed 
for  the  belt  drive,  it  might  be  said,  and  this  refers  particularly 
to  tue  smaller  size  lathes,  that  more  difficulties  had  to  be 
overcome  in  drawing  up  the  designs  for  changing  them  than 
for  any  other  one  type  of  machine  tool. 

In  several  cases  the  design  of  the  headstock  was  such  that 
it  was  impossiole  to  put  a  large  enough  silent  chain  sprocket 
on  the  main  spindle,  and  the  maximum  spindle  speed,  and 
therefore  the  speed  range,  necessarily  had  to  be  greater  than 
was  actually  required.     This  was  not  so  serious  in  itself,  but 


\ 

No.  S 
lutjlde  f.ice  plate 
92  Teeth 


FIG.     11. ARRANGEMENT     OF    GEARING     UPON     A 

42-IN.    NIIES    TRIPLE-GEARED    LATHE. 


FIG.    13. — SPECIAL   SLEEVE  CLUTCH   KEYED    TO   THE   HtTE   OF 
GEAR  NO.   2   OF  THE  42-IN.    NILES   LATHE. 


Fin.  12. — METHOD  OF  MOUNTING  THE  MOTOR  UPON  THE  42-IN.  NILES  TRIPLE-GEABED  LATHE. 
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as  a  result  it  was  difficult  to  get  the  minimum  spindle  speed 
desired;  this  was  on  account  of  the  tact  that  a  greater  reduc- 
tion had  to  be  made  on  the  two  runs  ot  gearing,  and  that  the 
sizes  of  the  main  and  back  shafts  were  such  that  we  had  to 
malie  the  cross-section  of  the  metal  through  the  rim  of  the 
small  pinion,  where  it  was  keyed  to  the  shaft,  a  minimum  in 
order  to  get  the  number  of  teeth  small  enough  for  the  proper 
reduction. 

In  a  large  machine  shop  a  lathe  can,  In  many  cases,  be  as- 
signed to  a  particular  class  of  work  and,  if  necessary,  the  speed 
range  can  be  more  limited  than  if  it  was  to  be  used  in  general 
work.  In  one  case  it  was  found  that  the  proposed  range  of 
speed  could  not  be  obtained  on  account  of  the  construction  of 
the  lathe,  and  it  was  determined  to  assign  that  lathe  to  a  par- 


!"iip  I  tL  Suit  yotor  ^^ 


FIG.   14. — DETAILS  OF  THE  SPECIAI,  BRACKET  DESIGNED   FOR 
SUPPORTING  THE  MOTOR  ON  THE  42-IN.  NII.ES  LATHE. 

ticular  class  of  work,  the  limiting  diameters  of  which  were 
such  that  the  speed  limits  could  be  so  changed  that  we  could 
easily  arrange  for  the  application  of  the  motor. 

In  this  case  the  cone  will  simply  be  removed  and  replaced  by 
a  sleeve,  which  will  carry  a  silent  chain  sprocket  and  the 
pinion.  The  back  gear  ratio  will  be  properly  reduced.  The 
back  gear  will  be  thrown  in  and  out  in  the  same  manner  as 
before.  This  is,  however,  the  only  case  out  of  the  eight  lathes 
to  be  equipped  in  which  such  a  radical  compromise  had  to  be 
made. 

The  limiting  sizes  of  work  to  be  handled  on  a  car  axle  lathe 


are  such  that  the  motor  Itself  can  easily  take  care  of  the  range 
of  speed  required. 

The  size  of  work  would  range  from  3%  ins.  In  diameter,  or 
a.  little  less,  for  worn  journals  for  40,000  lbs.  capacity  cars  to 
7%  Ins.,  or  a  little  more,  the  diameter  over  the  rough  collar  of 
the  axle  for  a  100,000-lb.  capacity  car. 

Now  a  cutting  speed  of  50  ft.  per  minute  over  this  range  of 


FIG.    15.- 


-ORK.INAL    ARRANGEMENT    OF    UEARJ.NG    IN    THE    DBTVE 
OF   A   CAE-AXI.E  LATHE. 


diameter  would  require  from  20  to  52  revolutions  per  minute 
of  the  work,  or  a  speed  range  of  2  to  1.  (See  Fig.  3,  page  166, 
of  the  preceding  issue.)  TMe  material  to  be  cut  is  soft  steel  and 
the  constant  that  should  be  used  in  the  horse-power  formulae 
determining  the  power  required  to  take  the  cut  (see  on  page 
125  of  the  April,  1903,  issue)  would  probably  be  about  0.6.    For 


FIG.      16. — DIAGRAM     SHOWING     CHANGE     IN     THE     DBIVINQ 
GEARING    OF    THE    C.\R-AXLE    LATHE    TO    ACCOM- 
MODATE   JIOTOR    nRH'E. 

a  cut  5/16  in.  deep  taken  with  3/32  in.  feed  the  horse-power 

3       5 
equals  —  X  —  X  50  X  12  X  2  X  .6  =  21. 
32      16 
By  reference  to  the  diagram  in  Fig.  1  on  page  165  of  the  pre- 


1.2  Pluh 


FIG.    17.- 


AHBAN««MBNT   OF   THE    MOTOR    SUPPORT   BRACKET   UPON     THE   CAR-AXT.E   T.ATHE. 
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ceding  issue,  it  may  be  seen  that  the  motor,  when  running  at 
half  speed,  is  exerting  76  per  cent,  of  its  rated  power.  If,  at 
76  per  cent,  of  full  power.  21  h.p.  is  to  be  exerted,  it  may 
readily  be  seen  that  the  full  power  should  be  about  27.5  h.p. 
Therefore  the  tool  will  require  about  a  25-h.p.  motor. 

Fig.  15  shows  the  arrangement  of  gearing  which  was  origi- 
nally applied  to  the  belt-driven  axle  lathe  which  we  are  now 
about  to  change  to  be  motor  driven.  The  cone  and  small 
pinion  are  one  piece  and  run  on  a  stud.  These  will  be  en- 
tirely removed  and  the  motor  will  be  connected  as  shown  in 
Fig.  16. 

ine  lathe  bed  is  so  constructed  that  the  motor  could  not 
very  well  be  placed  above  it  and  a  bracket  was  designed  to  fit 


to  the  back  of  the  lathe  and  carry  the  motor  as  shown  in 
Fig.  17.  The  bracket  which  carries  the  motor  is  designed  and 
fitted  with  bronze  bushings  to  carry  the  countershaft  which 
has  on  one  end  the  silent  chain  sprocket  and  on  the  other  end 
the  small  pinion.  The  bracket  is  so  near  the  end  of  the  lathe 
that  it  will  not  interfere  wim  the  crane  hoist  which  handles 
the  axles. 

(Note: — We  are  informed  by  Mr.  Wright  that  in  the  diagram 
presented  in  Fig.  1,  page  165  of  our  May,  1903,  issue,  the  nota- 
tion in  the  upper  left-hand  corner  should  read  "large"  and 
"small"  circles,  instead  of  "heavy"  and  "light."  Also  in  the 
engraving,  Fig,  7,  on  page  167,  handle  A  should  be  marked  B, 
and  vice  versa.     We  regret  these  errors. — Ed.) 


POWER  TEST  OF  GROUP  DRIVE  MOTORS. 


Records   of   Power  Requieed   fob  the  Group  Drives  at  the 
Roanoke  Shops. 


NORFOLK  &   WESTERN   RAILWAY. 


Through  the  courtesy  of  Mr.  W.  H.  Lewis,  superintendent  of 
motive  power,  we  are  enabled  to  present  the  following  records 
Of  an  elaborate  series  of  tests  recently  made  at  the  Roanoke 
shops  to  determine  the  power  required  by  the  various  group 
drive  motors  for  machine  driving.  As  will  be  recalled,  the 
Roanoke  shops  were  equipped  for  electric  driving  about  a 
year  ago,  the  two-wire,  220-volt  direct-current  distribution 
system  being  used  and  the  machines  being  driven  in  groups 
by  constant-speed  motors  to  the  exclusion  of  Individual  driv- 
ing. An  account  of  this  installation  was  presented  by  Mr.  C. 
A.  Seley  in  a  paper  before  the  1902  convention  of  the  Master 
Mechanics'  Association.  (See  abstract  on  page  230  of  our 
July,  1902,  issue.) 

Graphical  records  are  presented  of  tests  made  upon  fifteen 
of  the  group-drive  motors.  The  machines  connected  in  each 
group  are  given  in  the  accompanying  tool  list.  The  followii-g 
is  quoted  from  the  report  of  Mr.  Quinn,  electrician  at  the 
shops: 


"Herewith  are  attached  graphical  results  of  the  motor  tests 
made  at  the  Roanoke  shop.  These  data  are  from  consecutive 
readings  taken  during  a  five  hour  test  and  show  the  per- 
formance of  the  motors  during  the  heaviest  load  that  we 
would  expect  to  occur  during  the  day.  Each  test  record  shows 
the  power  consumed  with  the  motor  running  light,  the  power 
consumed  with  the  motor  and  shafting  running  light,  and  the 
power  required  for  the  motor,  shafting  and  machines,  all  to- 
gether. 

"By  taking  the  readings  from  the  middle  of  tests,  we  were 
sure  that  the  motors  were  thoroughly  heated  and  the  internal 
losses  were  at  a  maximum,  and  results  show  what  could  be 
expected  in  every-day  practice,  and  not  results  from  short,  in- 
termittent tests  of  a  few  minutes  with  machines  operating  for 
the  special  benefit  of  the  test  m  be  made.  No  special  effort 
was  made  to  load  up  machines,  or  in  any  way  deviate  from  the 
every-day  practice  in  operation  of  the  machines  in  the  shop, 
as  the  results  desired  are  for  future  reference,  and  are  to  give 
a  broad  idea  of  what  might  be  expected  from  motors  of  differ- 
ent sizes  when  used  for  group  driving,  and  also  to  determine 
to  what  extent,  and  for  what  length  of  time,  we  might  over- 
load a  motor  and  still  expect  it  to  continue  in  service. 

"Some  of  the  results  shown  are  very  remarkable,  especially 
that  of  the  test  of  group  No.  9.     I  believe  that  these  results, 


GROUP   TOOL   LIST. 

TESTS    OF   GROUP    MOTORS    AT    ROANOKE    SHOPS. 


MACHINE   SHOP. 

GROUP   NO.    1- 20-H.P.    GENERAL   ELECTRIC    MOTOR. 

Maximum   power   required  =  20       HP. 

Minimum    power    required  =  12.6  H.P. 

Average       power    required  =  16       H.P. 
Machines.  Size.  Makers. 

Quartering    machine. . .  .  No.   2    N.  Y.   Steam  Eng.  Co. 

Lathe     18  ins.  x  16  ft Schenck. 

Emery    wheel    

Driving-wheel    lathe   ..  .80-in.  plate    Sellers. 

Milling  machine   Keyways    in    axle Newton. 

Pipe   cutter    D.  Saunderson  &  Son. 

Slotter    12-in.    stroke    Niles. 

Blotter    16-in.    stroke     Niles. 

Slotter    6-in.  stroke    Newt«n. 

Vertical    boring   mach..84    ins.    diameter Niles. 

Vertical    boring   mach..84    ins.    diameter Niles. 

Keyway  milling  mach.  .42    ins.    long Bement  &  Son. 

Cylinder   planer    60   x   60    ins Sellers. 

Lathe    14  ins Bement  &  Son. 

Cylinder   borer    Niles. 

Radial   drill   press    Niles. 

Lathe    16  ins.  x  13  ft Sellers. 

Lathe    14   ins.   x  12  ft.   6  ins. 

extension Harrington. 

Lathe    8  ins.  i  7  ft Blair. 

Hydraulic   wheel   press - 


GROUP   NO.    3. 35-H.P.    GENERAL   ELECTRIC    MOTOR. 

Maximum    power    required  =  37.6  H.P. 

Minimum    power   required  =  12       H.P. 

Average      power   required  =  17       H.P. 

Lathe     Brass     Am.  Tool  Mach.  Co. 

Lathe    8   ins.,  brass Manning,   M.  &  Moore. 

Stud  lathe    Niles- 

Emery    wheel    

Lathe    12   ins Plather  &  Co. 

Stud   lathe   Jones  &  Lamson. 

Stud  lathe    Smith  &  Courtney. 

Lathe  turret    Niles. 

Lathe    8  ins Lodge   &   Davis. 

Planer     .36  x  36  ins Sellers. 

Lathe    10  ins Flather  &  Co. 

Grinding    lathe    Whitworth. 

Drill    press     

Drill    press    

Lathe    8  ins Manning,  M.  &  Moore. 

Flue    rattler    

Hydraulic   press    Small,  for  rod  brasses 

Polishing   wheel    


GROUP   NO.    4. 15-H.P.   GENERAL   ELECTRIC   MOTOR. 

Maximum   power   required  =  19.4  H.P. 

Minimum    power   required  =:    3.4  H.P. 

Average       power   required  =  10.2  H.P. 

Gang  drill    6-spindle    Bement  Miles. 

Rod  drill    Pond   Machine  Co. 

Rod  drill    Niles. 

Drill    press    


GROUP    NO.    2. 20-H.P.    GENERAL    ELECTRIC    MOTOR. 

Maximum    power    required  =  18 . 9  H.P. 

Minimum    power   required  =  10.6  H.P. 

Average       power   required  =  14.4  H.P. 

Lathe    8  ins.  x  7  ft Blair. 

Lathe    8  ins.  x  7  ft Blair. 

Lathe    8  ins.  x  7  ft Blair. 

Lathe    8  ins.  x  7  ft Blair. 

Lathe    7  ins.  x  7  ft Grant  &  Bogert. 

Freime    slotter     3   heads    

Lathe    8  ins.  x  6  ft.,  brass ....  Lodge  &  Davis. 

Lathe    10   ins.   x   10   ft 

Lathe    8  ins R.  K.  LeBlond. 

Drill   Press    50   ins Niles. 

Lathe    8    ins ' R.  K.  LeBlond. 

Lathe    Brass    Cooper,  Jones  &  Cabu. 

Planer     36  x  36 Sellers. 

Lathe    7    ins Grant  £  Bogert. 

Lathe    Brass    Cooper.  Jones  &  Cabu. 

Lathe    Brass    Springfield  Mch.  T.  Co. 

Lathe    Brass    Springfield  Mch.  T.  Co. 

Lathe    Brass .'. Grant  &  Bogert. 

Planer    48x48    Sellers. 


GROUP  NO.   5. 20-H.P.   GENERAL  ELECTRIC   MOTOR. 

Maximum    power   required  =  35 . 4  H.P. 

Minimum    power    required  =    6.3  H.P. 

Average       power   required  =  14.7  H.P. 

Double-head   axle  lathe Niles. 

Double-head  axle  lathe Niles. 

Double-head   axle  lathe Niles. 

Double-head   axle  lathe Niles. 

Double-head  axle  lathe Niles. 

Emery    wheel    Niles. 

GROUP   NO.    6. 20-H.P.   GENERAL  ELECTRIC   MOTOR. 

Maximum  power  required  =  28.9  HP. 
Minimum  power  required  =  4.7  H.P. 
Average      power   required  =  11.2  H.P. 

Wheel    grinder    .' 

Wheel   borer    Car  Wheels   Niles. 

Wheel    borer    Car  Wheels   Niles. 

Wheel    borer    Car  Wheels   Niles. 

Wheel  borer    Car  Wheels   Bement  Miles. 

Hydraulic    press    Car  Wheels   Niles. 
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when  the  first  cost,  ccEt  of  maintenance  and  weight  of  metal 
removed  per  dollar  invested  in  driving  machinery  is  consid- 


r.KOUP   NO.    7. 30-11. p.   GKNIOUAI-   ICI-KC 

Maxiniutn  power  required  =  27 
Minimum  power  required  —  U 
Average       power   required  =  19 

Hor.   D.   13.   borer 

Vert,    miiling   macbine..36    ins.    diameter 

Sliapcr,    doubie-head    ..12-in.  stroke    

Vort.  IJ.  B.  borer 

Planer     32  x  32  Ins 

Ilor.     milling    machine 

3    grindstones    

1    polishing    wlieel 

1  emery   wheel 

Guide  grinder    

(TOOL  ROOM.) 

Lathe    8   ins 

Latho    7   ins 

.Lathe    7   ms.,   hand   teed 

Shaper    8-in.    stroke     

Univ.   milling  maehine 

Single   milling   mach 

Planer    16  x  18  x  30  ins 

Hack    saw    

Drill    press    

2  emery    wheels    (double)      

Twi.st    drill    grinder 

(Owing  to  lack  of  space  the  remainder 

appear  in  the  succeeding  issue. — Ei>.) 


TlilC;   MOTOR. 

.7   H.P. 
.2   H.f. 
H.P. 
Dement  &  Son. 
Hiiies  &  Jone.s. 
Uement  &  Son. 
Nilea. 
Niles. 
Bement,   Miles  &  Co. 


Kendall  &  Gentry. 


Blair. 

Grant  &  Bogert. 

Bement  &  Son. 
Brown  &  Sharpe. 
Pratt  &  Whitney. 
Pratt  &  Whitney. 
Millers  Falls  Co. 
Harrington  &  Son. 


L.    S.    Heald  &   Son. 
of  this  tool  list  will 


ered,  will  compare  favorably  with  other  methods  of  electrical 
driving.  This  is  to  a  certain  extent  brought  about  by  having 
the  piecework  system  in  use  In  these  shops,  which  makee  the 
cost  of  turning  out  a  piece  of  work  a  fixed  quantity.  The 
variable  is  therefore  found  In  the  cost  of  driving  the  machine, 
and,  while  this  is  a  very  small  percentage  as  compared  with 
the  wages  of  the  machinists,  still  In  a  shop  of  this  size  I  be- 
lieve it  will  amount  to  quite  an  Item,  especially  when  the 
interest  on  original  ir  vestment  is  taken  into  consideration. 

"The  majority  of  machines  in  this  shop  are  each  doing  a 
certain  class  of  work,  which  calls  for  very  few  speed  changes, 
and  by  having  the  piecework  system  in  use,  we  may  conclude 
that  each  machine  is  operated  at  its  most  economical  speed, 
and  that  individual  driving  would  thus  not  increase  the  out- 
put to  any  marked  extent. 

"With  the  attached  sheets  you  will  find  the  power  used  by 
the  motor  running  alone,  disconnected,  represented  by  the 
lowest  dotted  line,  and  that  for  the  motor  and  the  line 
shaft  only  (with  all  machines  idle)  represented  by  the  upper 
dotted  line.  From  these  two  lines  we  can  readily  see  what 
percentage   of   power    is   taken   up    by   shafting   and    belting. 
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iind  approximately  that  which  goes  into  the  tools  driven." 
"Test  No.  3  is  takf-n  from  the  motor  that  drives  the  flue 
rattler,  and  the  peak  represents  the  load  with  the  rattler  on. 
The  smaller  machines  being  easily  driven  from  this  shaft, 
they  were  kept  belted  to  it,  and  the  installing  of  an  extra 
motor  to  drive  them  thus  avoided.  From  this  sheet  you  may 
also  see  approximately  the  length  of  time  necessary  to  rattle 
a  certain  set  of  flues. 

"Record  No.  5  shows  a  very  high  peak  in  the  middle  of  the 
curve,' which  is  the  rerult  of  four  lathes  starting  on  new  axles 
at  the  same  time.  You  may  notice- how  the  curve  dips  just 
before  it  starts  up  th"  peak;  this  is  due  to  the  finishing  cuts 
and  polishing  of  tue  axles.  I  might  add  that  this  curve  rep- 
resents the  most  severe  test  that  could  be  given  this  motor, 
and  would  probaoly  not  occur  more  than  once  in  a  week,  as  it 
was  brought  about  by  changing  from  one  class  of  axles  to  an- 
other. Prom  the  general  appearance  of  the  curve  (neglecting 
the  peak)  we  might  infer  that  a  15-h.p.  motor  would  more 
nearly  fit  these  conditions;  but  I  have  tried  a  15-h.p.  motor 
and  it  would  not  give  the  desired  results.  Sparking  and  heat- 
ing of  the  commutator  was  too  frequent  to  permit  it  driving 
this  group  of  macumes. 

"The  20-h.p.  motor  for  group  No.  6  was  put  in  because  the 
fourth  boring  mill  is  not  in  use  at  all  times  and  the  curve 
shown  represents  three  machines  with  the  wheel  presses,  and 
up  to  the  present  time  this  motor  has  carried  the  fourth  ma- 
chine without  any  trouble.  The  very  high  load  shown  by 
record  No.  9  is  due  to  the  walking  crane,  and  is  of  a  tempo- 
rary nature.  ,         J^    . 


THE    PROPORTIONS    OF   MODERN   LOCOMOTIVES.. 


lAWFORD    H.    FEY. 


The  accompanying  tables  show  the  results  of  an  investiga- 
tion of  the  main  proportions  of  over  two  hundred  modern 
locomotives  of  all  classes.  This  analysis  was  carried  out  with 
the  idea  of  studying  the  proportions  given  to  modern  loco- 
motives by  their  designers.  By  collecting  a  sufficient  niftnber 
of  examples  and  properly  grouping  and  averaging  them  fig- 
ures have  been  obtained  which  give  definite  information  re- 
garding current  American  practice.  The  figures  on  which  the 
present  tables  are  based  cover  practically  all  of  the  important 
locomotive  designs  which  have  been  described  in  the  technical 
papers  in  the  last  three  years.  In  nearly  every  class  of  engine 
examined  the  examples  are  sufliciently  numerous  to  give  aver- 
age results  not  largely  influenced  by  any  special  design.  The 
examination  covers  those  principal  ratios,  or  factors  of  de- 
sign, which  enable  proper  comparisons  to  be  made  between 
the  fundamental  proportions  of  the  various  engines,  viz.: 

Factor  of  Adhesion. — Measuring  the  proportion  of  weight  on 
driving  wheels  to  maximum  cylinder  tractive  effort. 

Factor  of  Steaming  Capacity. — Measuring  the  proportion  of 
cylinder  power  to  boiler  power. 

Factor  of  Efficiency  of  JDpsigra.^Measuring  the  proportion 
of  total  weight  to  heating  surface  obtained. 

Table  1  shows  the  average  values  of  these  factors  as  deter- 
mined for  the  locomotives  of  each  type  and  class.  The  engines 
in  many  of  the  classes  have  been  subdivided  into  groups,  ac- 
cording to  their  weight,  and  the  average  factors  determined 
for  each  group,  so  as  to  show  the  influence  of  the  weight  of  the 
engines  on  the  value  of  the  factors.  The  results  of  this  show 
several  points  in  favor  of  the  heavy  engines. 

In  cojumn  1,  of  table  1,  is  given  the  type  of  the  locomotive 
and-'in-eolumn  2  is  givfen  the  class.  By  "type"  is  to  be  under- 
stood the  wheel  arrangement,  as  Atlantic-type,  American-type, 
etc.,  and  by  "class"  is  to  be  understood  the  style  of  cylinders, 
whether  single  expansion,  or  two,  or  four-cylinder  compound. 
The  tandem  and  Vauclain  compounds  have  not  been  separated, 
as  the  difference  between  these  does  not  affect  any  funda- 
mental principal  of  design.  In  column  3  are  given  the  limits 
of  weight  between  which  the  locomotives  in  each  group  are 
contained.  The  aim  has  been  to  give  each  group  a  range  of 
10,000  lbs.,  but  the  grouping  Is  of  course  dependent  on  the 


"The  25-h.p,  motor  indicated  in  record  No.  11  is  a  second-hand 
machine,  already  owned  by  the  railway  company,  ancl^l  used  it 
at  this  point  on  account  of  the  limited  space  that  I  had,  and 
also  to  get  the  benefit  of  the  enclosed  type  of  motor,  which  was 
very  necessary  at  thi£  point,  on  account  of  the  surrounding 
machines,  and  the  shavings  flying  from  them. 

"The  15-h.p.  motor  indicated  in  record  No.  13  shows  the  effect 
of  external  heating,  due  to  the  proximity  of  the  bolt  furnaces 
and  the  piling  of  heated,  newly-made  bolts  in  the  neighbor- 
hood of  the  machine.  This  motor  is  operating  at  only  approx- 
imately two-thirds  load,  but  a  10-h.p.  machine  would  not  give 
satisfactory  results  if  put  in  its  place,  owing  to  this  excessive 
heating.  I  have  omitted  record  No.  16,  ,s  the  results  from  the 
test  on  this  group  was  of  very  little  practical  use,  the  group  of 
machines  being  very  small  and  the  work  of  a  varying  nature. 

"I  might  add,  in  conclusion,  that  these  motors  have  all  been 
loaded  so  that  the  best  results  with  regard ^  to  good  running 
and  maximum  load  might  be  obtained — neither  being  sacri- 
ficed for  t^e  other.  The  motors  have  been  running  for  six 
months  with  the  loads  herewith  shown,  and  nothing  has  de- 
veloped that  would  indicate  the  necessity  of  a  change  in  any 
of  the  groups.  This  does  not  include  ,the  installing  of  new 
machines,  which,  in  the  future,  may  make  it  necessary  to  make 
aaditions  or  change'?  in  some  of  the  groups  where  this  wouiu 
occur." 

We  are  indebted  to  Mr.  J.  A.  Pilcher,  mechanical  engineer 
of  the  Norfolk  &  Western,  for  these  records,  the  tests  having 
been  carried  out  by  Mr.  Quinn,  electrician  of  the  Roanoke 
shops. 


number  and  weight  of  the  locomotives  in  each  class,  and  in 
several  cases  the  number  of  engines  in  the  class  has  not  been 
sufficient  to  justify  a  subdivision.    Column  4  gives  the  number 
of  locomotives  in  each  group.     In  addition  to  taking  the  aver- 
age of  the  factors  for  each  group,  averages  have  been  struck 
for  each  class  as  a  whole,  and  these  figures  are  given  in  heavy 
type  below  the  figures  for  the  groups.     The  last  four  columns 
contain  the  factors  forming  the  chief  object  of  the  investiga- 
tion. 
Column  5,  Weight  on  drivers  -f-  tractive  effort. 
Column  6,  Tractive  effort  -i-  heating  surface. 
Column  7,  Tractive  effwt  X  driving  wheel  diameter  -=-  heat- 
ing surface. 
Column  8,  Total  weight  ^  heating  surface. 
For  reference  and  comparison  the  average  values  of  the 
factors  have  been  collected  into  separate  tables  for  each  factor. 
Factor  of  Adhesion.     Table  2.- — In   this   table   the   average 
factors  from  column  5,  table  1,  are  collected  according  to  type 
and  class.     It  will  be  seen  that  the  single  expansion  factors 
are  arranged  in  ascending  order  of  value.     The  way  in  which 
the   types   arrange   themselves    is   interesting.     The    standard 
types  take  the  following  order: 

Consolidation,   4.03;    American,  4.17;    Atlantic,   4.33;    Mogul, 
4.50;  Ten-wheeler,  4.66. 

The  majority  of  these  are  Ic^wer  than  are  recommended  by 
tiie  Master  Mechanics'  Association,  and  it  would  seem  that  the 
Consolidation  and  American-type  engines  are  designed  to  util- 
ize their  full  adhesion  when  running  with  less  than  full  stroke 
cut-off.  The  position  of  the  Moguls  appears  to  need  some  ex- 
planation, as  there  is  no  obvious  reason  why  they  should  not 
have  practically  the  same  factor  as  the  Consolidations.  An 
explanation  of  the  value  of  the  factor  for  the  Ten-wheelers  is 
obtained  by  considering  them  as  American-type  engines  with 
an  additional  pair  of  driving  wheels.  The  limit  of  weight 
with  two  pairs  of  drivers  having  been  reached,  a  further  in- 
crease in  weight  requires  a  third  pair  of  drivers,  and,  in 
adding  these,  more  weight  is  added  than  is  required  for  the 
increase  in  tractive  power.  In  other  words,  in  changing  from 
the  American  to  the  Ten-wheeled  type,  structural  considera- 
tions render  it  necessary  to  make  the  increase  in  weight  on 
driving  wheels  proportionately  greater  than  the  increase  in 
cylinder  tractive  effort.  A  similar  consideration  of  the 
Prairie-type  as  an  enlarged  Atlantic-type  explains  the  high 
factor  of  adhesion  of  the  Prairie-type. 
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It  will  be  noticed  that  the  four-cylinder  compounds  show 
approximately  10  per  cent,  higher  factors  than  the  single  ex- 
(lansiion  engines  of  the  same  class.  This  is  of  course  due  to 
the  fact  that  the  compounds  are  designed  to  work  with  a 
longer  cutoff,  and  on  starling  they  can,  by  admitting  live 
steam  to  the  low  pressure  cylinders,  develop  for  a  short  time 
a  greater  tractive  effort  than  that  counted  on  in  the  tables. 
In  calculating  the  tractive  effort  for  the  tables  the  mean 
effective  pressure  has  been  taken  at  85  per  cent,  of  the  boiler 
pressure  for  the  single  expansion  engines.  For  the  four-cyl- 
inder compounds  the  high  pressure  mean  effective  is  taken  aw 
two-thirds  and  the  low  pressure  as  one-quarter  of  the  boiler 
pressure.  For  the  two-cylinder  compounds  the  work  is  as- 
sumed to  be  equally  divided  in  the  two  cylinders,  the  mean 
effective  in  the  high-pressure  cylinder  being  taken  as  two- 
thirds  the  boiler  pressure. 

Factor  of  Steaming  Capacity.  Table  3. — This  table  con- 
tains the  average  values  from  column  7  of  table  1.  The  val- 
ue of  the  ratio  given  in  column  G  (tractive  effort  to  heating  sur- 
face) is  obviously,  for  any  given  locomotive,  a  measure  of  the 
proportion  of  the  cylinder  power  to  the  boiler  power,  but 
as  the  tractive  effort  is  inversely  proportional  to  the  driving- 
wheel  diameter,  the  ratio  is  dependent  on  the  driving- 
wheel  diameter  and  is  therefore  not  generally  suitable  for 
comparing  the  steaming  capacities  of  locomotives.  By  multi- 
plying by  the  driving  wheel  diameter  one  obtains  the  factor 
given  in  column  7,  table  1,  which  is  free  from  this  objection 
and  which  can  be  shown  by  theoretical  considerations  to  be  a 
proper  measure  of  the  steaming  capacity  of  any  locomotive. 
(See  American  Engineer,  October,  1902,  and  February,  1903.) 
It  is  found,  theoretically,  that  for  high  speed  service  the 
steaming  capacity  factor  should  have  a  low  value  and  that  a 
high  value  factor  indicates  that  the  engine  is  suitable  for 
slow  speed  service.     This  is  well  confirmed  by  the  figures  ob- 


TABLB  1.      AVBHAGB  VAI.UES  OF  FACTORS 
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Paclfio 


(4-6-2)  Sing.  exp. 
Prairie 

219,000- 

-173,000 

4 

4.39 

8.61 

622 

55.9 

(2-6-2) 

do 

203,600- 

-140  000 

7 

4.94 

8.56 

584 

58.0 

do 
Atlantic 

4-cyI.  comp 

209,900- 

-176,000 

4 

4.61 

8.94 

609 

58.0 

(4-4-2) 

Sing.  exp. 

191,000- 

—180.000 

3 

4,11 

7.65 

631 

62.4 

do 

do 

180.000- 

—170,000 

6 

3.al 

7.99 

619 

56.5 

do 

do 

170,000- 

-160,000 

3 

4.01 

8.38 

646 

59.1 

do 

do 

160,000- 

-150,000 

6 

4,11 

8,36 

635 

61.3 

do 

do. 

141,000- 

-136,200 

4 

4,47 

9.17 

689 

64.2 

do 

do 

191.000- 

183,000- 

-136  200 

22 

4.33 

8,31 

641 

60  4 

do 

4-cyl.  comp 

-180,000 

2 

4.79 

6.63 

557 

58.9 

do 

do 

180,000- 

-160,000 

4 

5,18 

6.54 

551 

64.3 

do 

do 

150,000- 

-132.700 

5 

4,34 

7.59 

590 

65.4 

do 

do 

183,100- 

-132,700 

11 

4.73 

7.03 

561 

63  8 

American 

(4-4-0)  Sing.  eip. 

146,400- 

-104,800 

11 

4.17 

9.99 

707 

6.3.0 

Ten-wheel 

(4-6-0)           do 

179,000- 

-170,000 

7 

4,94 

9.46 

716 

63.8 

do 

do 

170.000- 

-160,000 

5 

4,64 

11.27 

762 

67.6 

do 

do 

160,000- 

-150  000 

11 

4.47 

11,47 

748 

65.9 

do 

do 

1.50.000- 

-1  28  200 

7 

4.64 

10.91 

760 

66.6 

do 

do 

179  000- 

128  200 

30 

4.66 

10.94 

746 

65  8 

do 

4-cy].  comp 

,   191,800- 

—180,000 

5 

4.92 

9,90 

692 

65.6 

do 

do 

180,000- 

-170,000 

4 

4.90 

9.79 

652 

64.3 

do 

do 

IfiO.OOO- 

-138,700 

4 

5.11 

9,57 

684 

66,2 

do 

do 

191  800- 

-138  700 

13 

4  97 

9,76 

678 

65.3 

do 

2-cyl.  comp 

175,500- 

-150,000 

5 

4.68 

10,05 

670 

63,5 

do 

do 

141,000- 

—105,000 

4 

4,73 

12,11 

724 

74,1 

do 
Conslidtn. 
(2-8-0) 

do 

178,600- 

-i06;ooo 

9 

4.70 

10.97 

694 

68  2 

Sing.   exp. 

250.300- 

—200,000 

6 

3.98 

14.57 
14,  Si 

827 

63,f 

do 
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200.000- 

-190,000 

5 

3,91 

792 

63,6 

do 

do 

190.000- 

-180.000 

11 

4,20 

13.95 

781 

«5,4 

do 

do 

i,sn,nno- 

—170  oon 

7 

3.95 

14.35 

793 

63.0 

do 

do 

170,000- 

-160  000 

,S 

3.94 

14.91 

841 

64.9 

do 

do 

ifio.oon- 

-150.000 

7 

4.05 

15.93 

c/;8 

7??  I 

70.9 

do 

do 

141  900- 

-121.700 

3 

4.03 

15.06 

68  9 

do 

do 

250  300- 

-12-1  700 

47 

4  03 

14.72 

815 

657 

do 

4-cyl-  comp 

225,100- 

-200,000 

9 

4.24 

13.01 

7  42 

62.2 

do 

do 

200  000- 

-190.000 

2 

4.25 

13.12 

'i90 

62,3 

do 

do 

190,000- 

-IRO.OOO 

S 

431 

14.91 

.839 

73.3 

do 

do 

ISn  000- 

-135  ROO 

fl 

4.37 

15.22 

835 

75,1 

do     • 

do 

225  100- 

-135, ,900 

25 

4.30 

14.15 

798 

68.9 

do 

2-cyl.  comp 

200,000- 

-144,000 

10 

4.01 

14.64 

8?,9 

66  4 

^tngul 

(2-fi-O) 

Sing.   exp. 

169.000- 

—160  ono 

5 

4  50 

12.54 

766 

60.5 

do 

do 

-126.000 

« 

4  49 

13.78 

S.^Ji 

71  6 

do 

do 

Ifiq.OOO- 

-196.000 

11 

4,.'i0 

13,91 

806 

66  5 

do 

4-rvl.  comp 

168,300- 

la.'i.ooo 

3 

4,71 

13  09 

791 

71.8 

Mastodon 

Sing  exn,  . 

221,,'iOO- 

-172,000 

« 

3.86 

14, .30 

789 

68.0 

do 

2-cyl  comp. 

193,000- 

-182,200 

J 

403 

13. 89 

767 

709 

tained  from  actual  practice  and  given  In  table  3.  This  table 
gives  a  practical  value  to  the  steaming  capacity  factor,  for  it 
puts  one  in  the  position  of  being  able  to  say  at  once  for  any 
engine  bow  the  relation  between  heating  surface  and  cylinders 
stands  in  regard  to  current  practice. 

Factor  of  Fffivicncy  of  DeHi'jn. — The  collected  results  from 
column  8,  of  table  1,  are  shown  in  table  4.  The  average  weight 
per  square  foot  of  heating  surface  is  given  for  each  class  and 
then  the  figures  for  all  the  classes  of  each  type  are  averaged 
together.  It  will  be  seen  that  the  high  speed  types  are  the 
lightest  per  unit  of  heating  surface  and  that  there  Is  a  gradual 
increase  in  weight  towards  the  slower  freight  engines.  This 
factor  shows  the  economy  or  otherwise  with  which  the  de- 
signer has  arranged  his  material  and  deserves  considerable 
attention.  Any  unnecessary  weight  has  to  be  paid  for  in  the 
first  instance  and  has  ever  afterwards  to  be  haule'd  about  as 
dead  weight,  and  it  is  therefore  obviously  desirable  to  keep  the 
total  weight  as  low  as  is  consistent  with  strength  and  satis- 
factory design.  The  average  figures  do  not  show  any  marked 
variations,  but  the  individual  figures  from  which  the  tables 
are  compiled  show  a  wide  range  of  weights  per  unit  of  heating 
surface,  going  from  49,4  lbs.  per  square  foot  of  heating  sur- 
face up  to  over  80  lbs.  per  square  foot. 

TABLE  2.   FACTOR  OF  ADHESION. 

Single  4-Cyllnder  2-Cylinder 

expansion  compound.  compound. 

.  o  a  .  o  a  o  d 

OT  o  OJ  o  m  o 

Type.  og  og  og  oj  oS  o» 

o-l  %^       .6>J  ?.^  oJ  Si§ 

E  fcaZ  fc,az  &,« 

Mastodon            (4-8-u) 6  3.86  ..            ...            5          4.02 

Consolidation    (2-8-0) 47  4.03  25  ^.oO          10          4.01 

American           (4-4-0) 11  4,17 

Atlantic              (4-4-2) 22  4.33  11  4.73          

Paciflc                  (4-6-2) 4  4,39  ..             

Mogul                   (2-6-0) 11  4,50  3  4.71 

Ten-wheel          (4-6-0) 30  4.66  13  4.97            9          4.70 

Prairie               (2-6-2) T  4,94  4  4,61 

TABLE  3.   FACTOR  OF  STEAMING  CAPACITY. 

Single  4-CyIinder  2-Cylinder 

expansion.  compound.  Compound. 

te  ,  ,         bo  .  u  . 

S          at*  m         a^  m          a  t» 

Type.  og       3%      =1      a-s      =S       at; 

d'-'  ^S  d'-'         2*-  6J         5^3 

2  S  E            X  E             m 

Prairie               (2-6-2) 7  584  4          609  

Paciflc                  (4-6-2) 4  622  

Atlantic              (4-4-2) 22  641  11          561  

American  (4-4-0) 11  707 

Ten-wheel          (4-6-0) 30  746  13          678  9          694 

Mastodon           (4-8-0) 6  789  5          767' 

Mogul                   (2-8-0) 11  806  3          791  

Consolidation    (2-8-0) 47  815  25          798  10          829 

TABLE  4.   FACTOR  OF  EFFICIENCY  OF  DF.SIGN. 

Average     total 

weight  in  lbs. 

per   sq     ft.    of 

Number  of    locomotives  of  heating      .«ur- 

each  class  face, 

a  •  •  ,  u 

—         ooecs  5  *■■ 

2         •o  3         73  3  »  o5  I, 

„§        3g        Sg  a  ">"  gi»J 

Type  of  locomotive.  TcS       '>;B        T-B  "  feS  feS 

S  -^  N  •<  <  <i 

Paciflc  (4-6-2) 4  ..  ..  4  55.9  55.9 

Prairie  (2-6-2) 7  58.0 

4  . .  58.0 

11  ...  58.0 

.\tlantlc  (4-4-2) 22  60,4 

11  ..  ..  63.8 

33  ...  61,5 

American  (4-4-0) 11  ..  ..  11  63.0  63.0 

13  .  .  . .  65.3 

Ten-wheel  (4-6-0) 30  65.8 

9  68.2 

52  ...  66.1 

Consolidation    (2-8-0) 47 65.7 

25  . .  68.9 

10  66.4 

82  ...  66,8 

Mogul  (2-6-0) 11  66.5 

3  ..  71,8 

14  ...  67,6 

Mastodon  (4-8-0) 6  68,0 

5           ..  70.6 
11  ...  69,2 

"Resorts  an  1  Tours,  1903,"  Is  the  title  of  the  valuable  little 
brochure  published  by  the  Boston  &  Maine  Railroad  passenger 
department.  Boston.  It  contains  a  list  of  the  resorts  and 
hotels  reached  by  the  Boston  &  Maine  Railroad  and  its  connec- 
tions, giving  additional  information  in  regard  to  the  hotel 
rates  and  accommodations,  the  round  trip  summer  excursion 
rates  from  Boston,  Worcester  and  Springfield,  Mass.  The 
book  Is  free  and  will  be  mailed  upon  receipt  of  address. 
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RATIONAL    DESIGN    OF    LOCOMOTIVE   BOILERS. 


Under  this  heading  Mr.  D.  Van  Alstyne  presented  in  our 
June  number  of  last  year  a  strong  argument  for  more  space  for 
circulation  in  locomotive  boilers.  In  this  issue  Mr.  John 
Player,  of  the  Brooks  Works  of  the  American  Locomotive 
Company,  adds  a  powerful  impetus  to  the  tendency  to  sacri- 
fice in  the  amount  of  heating  surface  which  may  be  shown  on 
paper  in  order  to  increase  the  effectiveness  of  the  real  heating 
surface,  and  this  comes  from  a  man  whose  opinion  carries 
the  weight  of  wide  experience  and  who  is  known  as  a  de- 
signer of  successful  locomotives.  In  this  issue  is  illustrated 
the  boiler  of  a  locomotive  having  a  5-in.  mud  ring  and  an  ac- 
count of  tests  appears  which  seems  to  conclusively  prove  that 
a  layer  of  steam  %  in.  thick  does  lie  against  the  sheets  of  fire- 
boxes when  working  hard.  Mr.  Player  also  makes  an  im- 
portant suggestion  with  reference  to  the  delivery  of  water 
from  injectors.  Two  large  injectors  delivering  in  the  line  of 
circulation  at  the  bottom  of  the  boiler  and  toward  the  throat 
could  not  fail  to  help  out  the  firebox  sheets  and  tubes,  and  we 
believe  the  delivery  should  be  at  the  throat  itself.  The  reader 
is  advised  to  give  most  careful  consideration  to  the  words  of 
Mr.  Player. 


CARNEGIE'S    GIFT    TO    ENGINEERS. 


A  gift  of  a  million  dollars  to  the  national  engineering  so- 
cieties for  a  building  in  which  to  provide  a  center  for  engi- 
neers is  the  latest  beneficence  of  Andrew  Carnegie.  It  has 
been  reported  that  a  union  of  the  societies  was  contemplatei, 
but  this  is  not  true  and  it  is  not  desirable.  Great  good  may 
be  accomplished  by  bringing  together  the  various  organiza- 
tions representing  mechanical,  civil,  electrical,  mining  and 
marine  engineering  in  one  well-appointed  building  wherein 
they  may  co-operate,  meet  and  perhaps  concentrate  their 
independent  libraries,  thus  forming  a  rendezvous  for  many 
professional  men  who  are  engaged  upon  various  kinds  of 
special  work  with  much  of  common  interest.  The  importance 
of  this  association  of  the  societies,  from  a  social  standpoint,  is 
very  great,  and  the  possibilities  of  advantage  to  all  from  this 
sensible  concentration  are  so  obvious  as  to  lead  to  the  hope 
that  nothing  will  prevent  a  complete  and  broadminded  accept- 
ance of  this  extraordinary  opportunity  to  accomplish  that 
which  has  long  been  desired  but  has  seemed  to  be  impos- 
sible. The  most  distinguished  patron  of  engineering  could 
not  have  done  anything  wiser  or  more  far-reaching  in  the 
interests  of  this  profession. 


STEEL    FRAME   BOX   CARS. 


Of  all  types  of  cars  to  which  steel  framing  has  been  applied 
the  box  car  presents  the  most  difBcult  problem  and  one  which 
has  generally  been  met  with  a  compromise  rather  than  a  defi- 
nite, clean-cut  solution.  The  design  by  Mr.  C.  A.  Seley  which 
is  described  by  him  in  this  issue  meets  the  problem  fairly  and 
is  therefore  worthy  of  most  careful  attention.  This  is  not  a 
steel  underframe  surmounted  by  a  box  structure  having  its 
own  skeleton  of  steel  and  merely  fastened  to  the  underframe. 
It  is  a  complete  steel  structure  wherein  the  side  frames  of  the 
box  form  an  important  element  in  the  structure  and  do  their 
part  in  carrying  the  load.  This  is  a  steel-frame  box  car  in 
fact  as  well  as  name.  This  design  is  based  upon  successful 
cars  of  similar  construction  which  are  now  running  on  the 
Norfolk  &  Western,  and,  as  pointed  out  by  the  designer,  the 
new  plan  is  an  improvement  upon  the  older  one.  It  may  be 
remarked,  incidentally,  that  Mr.  Seley  seems  to  have  met 
the  car-roof  problem  by  preventing  the  weaving,  or  racking, 
of  the  upper  structure.  The  writer  is  of  the  opinion  that  a 
careful  examination  of  Mr.  Seley's  drawings  will  lead  many  to 
change  their  minds  entirely  with  respect  to  the  construction  of 
steel-frame  cars  of  this  type. 


Siii)plement   to   Amkrican   EN(ilNKKtt  ANn  iRAii.ROAr)  J 


)MOTIVES. 


Type — Drivers     

Type — Name     / 

Name    of    railroad / 

Numbi?r  of  road  or  cilass 

Builder 

Simple   or   compound I 

Wlien    built    

Weigtit.    engine   total,    lbs 

Weight,    on    drivers,    lbs 

Weight,  on  leading  truek,  lbs.... 
Weight,   on   trailing  truck,   lbs.  .  .  . 

Weiglit  of  tender  (loaded),  lbs... 
Wheel  base,  driving.  It.  and  ins.  . 
Wheel  base,  total,  engine,  ft.  &  ins. 
Wheel    base,    total    engine   and       / 

tender,    ft.    and    ins \ 

Driving  wheels,   diameter,   ins.  . . . 

Cylinders,    diameter,    ins 

Cylinders,    stroke,    ins 

Heating  surface,  firebox,  sq.  ft... 
Heating  surface,  arch  tubes,  sq.  ft. 
Heating  surface,   tubes,   sq.    ft.  .  .  . 

Heating  surface,  total,   sq.   ft 

Firebox.    length,    ins 

Firebo.x,    width,    ins 

Grate  area,  sq.  ft 

Boiler,  smallest  diameter  of,  ins.. 
Boiler,    height    of    center    above  / 

rail,   ft.   and   ins \ 

Tubes,  number  &  diameter  iu  Ins. 

Tubes,    leugtli,   ft.   and   ins 

Steam  pressure,  lbs.,  per  sq.  in.  .  . 

Type    of    boiler J 

Fuel     f 

Reference  in  American  Engineer  *■ 
and    Railroad   Journal / 


4-6-0 

10-wheel 
Plant 
System 

:i« 

Baldwin 
4-cyl.    bal 
Compound 

1!)U2 

155,000 

114,000 

41,000 


14-1 
28-4 

5G-0 

73 

15  &  25 

26 

128 

2!665 
2,793 
131 
59  V. 
27.25 
67 


341-2 

15-0 

200 

Vander- 

bilt 

Soft    coal 

Mar.,    1902 

P.    72 


4-4-2 

Atlnnti 

C.  &  N.  ^ 

D 
Schenectac 

Simpk 
lUO(i 
1. ''.8,(1011 


flc 


de 
2 

100 
100 


91.0110(100 


33,000 

34.000 

(empty) 

43,200 

7-0 

26-9 

54-8% 

80 

20 

26 

170.7 

28.27 

2.816.91 

3,015.88 

102  Vs 

65  »4 
46.27 

68% 


100 

:00 

8 
8 


8.3 
3.3 


9-11/, 

338-2' 

16-0 

200 

fa  top 
Straighum 


Soft    coa 
Aug.,  19183 
P.    237 


Type — Drivers     

Type — Name 

Name    of    railroad \ 

Number  of  road  or  class 

Builder 

Simple  or  compound | 

When  built    

Weight,    engine   total,    lbs 

Weight,    on    drivers,    lbs 

Weight,  on  .leading  truck,  lbs.  .  .  . 
Weight,  on  trailing  truck,  lbs.... 

Weight  of  tender  (loaded),  lbs... 
Wheel  base,  driving,  ft.  and  ins.  . 
Wheel  base,  total,  engine,  ft.  &  ins. 
Wheel   base,   total    engine   and        t 

tender,    ft.    and    ins \ 

Driving  wheels,  diameter,   ins.... 

Cylinders,   diameter,   ins 

Cylinders,    stroke,    ins 

Heating  surface,  firebox,  sq.  ft... 
Heating  surface,  arch  tubes,  sq.  ft. 
Heating  surface,   tubes,   sq.    ft.... 

Heating  surface,  total,   sq.  ft 

Firebox,    length,    ins 

Firebox,    width,    ins 

Grate  area.  sq.  ft 

Boiler,  smallest  diameter  of.  ins 
Boiler,     height    of    center    above  / 

rail,   ft.   and   ins \ 

Tubes,  number  &  diameter  in  ins. 
Tubes,   length,    ft.    and   ins.  .....  . 

Steam  pressure,  lbs.,  per  sq.  in... 

Type   of    boiler 

Fuel     

Reference-  in  American  Engineer  ( 
and    Railroad   Journal I 


2-8-0 
Oon?ol. 
L.    S.   & 

M.    S. 

B-1 

Brooks 

Simple 

1900 

174,000 

154,000 

20,000 


124,500 
17-4 
25-6 

55-4% 

-   62 

21 

30 

199 

22.3 

2,653.0 

2.874.3 

120% 

4014 

33.5 

68% 

9-4% 

340-2 

15-0% 

200 

Wagon  top 

Bitum. 

Coal 

Feb.,  1900 

P.  37 


4-S-O 
Mastodoi^^, 
So.  Pac 


2026 


0 

2% 
6 
0 


oal 
1902 


4-4-2 

Cbautauq'a 
Atlantic 

0.  R.  R.  of 

of  N.  J. 

590 

American 

Simple 
1901 

191,000 
99,400 
48,000 
43,600 

124,000 

7-8 

29-10 

53-8 

85 
20% 

26 
174 


2,793.0 
2,967.0 

123 

97 

82 

68 

9-8% 

325-2 

16-6% 

210 

Wagon  top 

Ant.  coal 
Jan.,  1902 
P.    15 


4-6-0 

10-wheel 

L.  V. 

10D-17W 

Baldwin 

Vauclain 

Compound 

1900 
194,758 
141,348 
53,410 


96,500 

13-0 

25-3  Vi 

52-6% 

72 
17  &  28 

26 
171.71 

2!53'6.59 

2,708.3 

114 

89% 

71.25 

64 

9-2 

325-2 

15-0 

200 

Wide  box 


Nor.  Pac. 

284 
American 

Simple 

1903 

202.000 

134,000 

39.000 

29,000 

123.400 
12-0 
33-0 

58-4% 

69 

22 

26 

175.3 

22.9 

3,2651 

3.463.3 

90  3-16 

75% 

47.2 

70 

9-2% 

301-2% 

18-6 

200 


Ant.  coal 
Oct.,  1900   Feb, 
P.  312  P 


Straight 
Bitum. 
Coal 
1903 
63 


2-6-2 
Prairie 

I.e. 

1000 
Rogers 

Simple 

1902 

210,800 

140,200 

21,200 

40,400 

147,600 
13-6 
30-9 

62-1% 
75 
20 
28 
201 

3,333' 
3,534 
102 

72 

51 

68 

9-2 

335-2 

19-0 

200 

Wagon  top 

Bitum.  coal 

June,  1902 

P.  199 


2-6-2 

Prairie 

A.,T.&S.F. 

P-14-A 

Baldwin 

Vauclain 

Compound 

1901 

210,800 

143,600 

29,700 

37,500 

112,600 
13-8 
32-2 

57-8% 

79 
17&28 

28 
195 


3.543 
3,738 

108 
71% 

53.5 
7Q 

9-4 

318-2% 

19-0 

200 

Straight 

Bitum.  coal 

Dec..  1901 

P.  373 


Special 

Suburban 

N.  Y.  C. 

1410 

American 

Simple 

1902 

216,000 

128,000 


15-0 
35-9 

35-9 

63 
20 
24 

162 

2.275 

2,437 

93 

97% 
62.1 

70 

9-2  1-16 

365-2 

12-0 

200 

Straight 

Ant.  coal 

April,  1902 

P.  115 


4-6-2 
Pacific 

C.  «  A. 

601 
Baldwin 

Simple 

1903 
219,000 
141,700 

36,300 

41,500 

1 55,000 
18-9 
32-8 

62-0 

80 

22 

28 

202 

28 
3,848.0 
4,078.0 

108 

72 

54 

70 

9-5 

328-2% 

20-0 

220 

Straight 

Bitum. 

Coal 

Mar., 1903 

P.  87 


lain 
[>und 


Schenecta 

2-eylinde 

Compoun 

1898 

192,000 

155,000k50 

37.000 


empty 


39.650  Q 


15-6 
20-5 

53-6  V, 

55 
23  &  35 

32 
206.5 


2,819.3 

3,025.8 

120 

42 

35 

72 


).6 
) 


56 


332-2% 

14-6 

200 

Extendet 

Wagon  to 

Bitum 
Jan.,  189 
P.  26 


NOTE— These  figures  have  been  verified   by  the  1 


00 


0 


30 


2 

% 
0 


coal 
1898 
395 


2-8-0 
Consol. 
N.  Y.  C. 

G4 
American 

Tandem  C 

1903 

227,000 

201,000 

26,000 


133,850 
15-0 
23-7 

59-1 

51 

16&30 

30 

201 

26 

3,915 

4.142 

105 

79 

58 

77 

9-3 

507-2 

14-9 

210 

Extended 

Wagon  top 

Bitum.  coal 
May,  1903 
P.    174 


2-8-0 
Consol. 
Union 

95 

Pittsburgh 

Simple 

1898 

230,000 

208,000 

22,000 


104,000 
15-7 
24-0 

54-9% 
54 
23 
32 
205 

s.iiels 

3,321.5 

120 

40.5 

33.5 

SO 

9-3% 

355-2% 
15-0 
200 

Straight 

Bitum  coal 

Nov.,  1S9S 

P.    365 


2-8-0 
Consol. 
B.  &  L.  E. 

150 
Pittsburgh 

Simple 

1900 

250,300 

225.200 

25,100 


141,100 
15-7 
24-4 

57-11% 
54 
24 
32 
241 

'3,'564' 
3.805 
132 
40.25 
36.S 
84 
9-11% 

406-2% 
15-0 
220 

Straight 

Bittim  coal 

July.  1900 

P.    214 


2-10-0 

Decapod 

A.,  T.  & 

S.  F. 

989 

American 

Tandem  C 

1902 

259,800 

232,000 

27.800 


134,900 
20-0 
28-11 

62-0 

57 

17%  &  30 

32 

205.4 


4,476.5 

4,681.9 

108  1-16 

79% 

59.5 

78% 


413-2% 

18-6 

225 

Extended 

Wagon  top 

Oil 

Feb.,  1902 

P.    38 


2-8-2 
Mikado 
A.  T.  4 

s.  fr 

900 

Baldwin 

Vauclain 

Compound 

1902 

261,720 

199,670 

27.250 

34.800 

162,000 

16-0 
31-6% 

62-6 

57 

18  &  30 

32 

210.3 


5.155.8 

5,366.1 

108 

78 

58.5 

78% 

9-10 

463-2% 
19-0 
225 

Wagon  top 

Bitum.  coal 

Jan.,  1903 

P.     16     and 

Mar..     1903. 

P.    109 


2-10-0 

0-10-0 

Decapod 

Geared 

A.  T.  & 

Roctlsl- 

S.  F. 

and 

940 

165 

Baldwin 

Lima 

Tandem 

Compound 

Simple 

1902 

1902 

267.800 

291,000 

237.800 

291,000 

30,000 

(empty) 

62,500 

20-4 

44-5 

29-10 

44-5 

59-6 

54-4 

57 

40 

19&32 

15 

32 

1' 

210.3 

156 

23.9 

5.155.8 

1,837 

5.390 

1,993 

108 

96 

78 

54 

58.5 

36 

78.75 

60 

463-2% 

270-2 

19-0 

13 

225 

190 

Wagon  top 

Wagon  top 

Bitum. 

Coal 

Soft  coal 

June.  1902 

Aug..  1902 

P.    192 

P.    244 

Supplement  lo  Amebican  E-noisees  and  Railroad  Jouknal,  June.  1903. 


A     TABULAR     COMPARISON     OF     NOTABLE     EXAMPLES     OF     RECENT     LOCOMOTIVES. 


AHHANCED    WITH    RESPECT    TO    TOTAL    WEIGHTS. 
PASSENGER  LOCOMOTIVBS. 


X>rpe— Drivers 

Tyiie — Same    . .  - »    | 

Number  o(  road  or  clftss 

Bulliler -  ■  - 

Siiuiilv  or  compound | 

Wi-igfll.   pnElne  total,   lbs 

WVlRlil    on   drivors,   lbs 

Wi'l^lii    on   loading  iruck.  IbH.  -  - - 

Wc'i^lii.  on   tralllne  truck,  lb* 

W<'ig?^i  o!  tender  (InDded),  lbs... 
\\'\\iv\  base,  driving.  IL  and  Ins.. 
Whi'Cl  tin>-c,  IoIhI  eDElD«.  ft.  *  Ina. 
Wliit'l   l<U9>>,   totnf  engine  nnd       I 

tondcr,   n.   and  Inv \ 

hriving  wheolE,  diameter,  !□■.... 

L'yllDd«r«.  dlumeler,   Ina 

I'yIlDdvrv.   stroke,    Ins. 

llradnE  surtace,  firebox,  iq.  ft... 
lli'iiiltig  »urruce.  nrcb  tubes,  hq.  (t. 

Mi'iiilne  surfacv.  tuliM,  >q.   (t 

lli'iiltnK  tiurface,  lotul.  sq.  ft 

Kirt'boT.    l-^nglh.    Ids 

Klrctmx     wldlb.    Ins 

i.iHli?  nrca.  sq,  ri 

fiiiilrT,  nmallcst  dlanieier  ot,  Ins.  . 
[iriiier,    height    ot    center    above  / 

Tiitji'i,  number  A  diameter  Id  Ins. 

Tubf..   IpQglh,  H.   and   Ian 

ss<niii  [iressure,  lbs.,  per  nq.  In... 
Tvpe  ot   boiler J 

"•'  ( 

Uirerpnte  In  Amorlcan  Engineer  ' 
..11(1   lluilroad  Journal / 


10-whecl 

Plant 


158,000 

114,000 

41,000 

34.000 

(emplfl 

14-1 

7-0 

20-9 

C.  *  N    W 
D 

SihentTiBiIy 


170,7 

28.27 

2.81(5,91 

3,015,B8 


,.  R.  1,  *  P 

1301 
Broiika 

Simple 
1901 
1GZ.000 
87.0U0 
3S,OU0 
37.000 

110.000 


322-2 
15-7% 

210 


Snti  coal 
Apr..  IHOl 
P.    101 


Atlantic 
C.  R.  R. . 

N.  J. 

Baidwir 
Vauolaln 

Compound 
1699 

103,G10 
87.865 
41.295 
34,350 

100,900 


C3-2 
14f24 


9-0  «[ 
318-2 
15-0 


171,800 
133,000 
38,800 


Simple 
H'02 
173.000 
99,000 
10,000 
34,000 

120.000 


70% 

9-7% 
336-2 

16-0  Vi 


4-6-2 

Pacific 


Slmplo 
1902 
170,000 
118,000 
35.500 
31,500 

117.000 


Brooks 

Simple 

19U1 
174,500 
130,000 
21,R00 
23.000 

124,500 

14-0 
31-10 


'84% 
83(4 


I   Atlantic 


Simple 

1901 
178,000 
!)1.8<jO 


27,1 
3.298  1 

3,505.2 


April.  ISO? 
P.  131 


4-4-2 

Atlantk 

P.  R.  R. 

E2 
P.  R  R.  Co. 

Simple 

1901 
n6,eou 

109,03a 
36.<iGii 
30.917 

go, 000 

7-5 
30-9  Vs 

30-1 13-lC 

80 
20  H 

26 


Sirolgtii 
Bit.  and 


4-4-2 

Atlantk 


Simple 

1902 

178.600 
95,710 


Allanllc 

C,   M.   A 

St.  P. 

A-2 

Baldwin 

Compound 

1901 

181,535 

100,335 
45,100 

36,100 

120.000 

7-3 
27-11V4 

B7-5V4 
84 

15  £26 
28 
207 


BItum.  coal 

Oct  ,  1901 

P.  313 


201 

Baldwin 

Vautlain 

Compound 

1901 

181.700 

168,600 

23,200 


120.900 
15-9 
24-4 


2.453,7 

2,625.9 
120  tt 


Feb,,  1002 
P,  49 


Atlantic 

C,  B.  &Q. 
1686 

Baldwin 
VauL'liili) 

1902 
183.080 
05,880 
47.000 
40,200 


Aprll,'ll)0; 
P.  119 


Suburban 
C.  R-  H.  ot 

OtN.  J. 


Side  look 
14-0 
31-8 


58-3^4 

73 
15  A  25 


2,839 

3,029 

117  15-16 


WaEon  top 

Bllum. 

Coni 
June,  1903 
P.  210 


Pacific 
C.  4  0. 


4-4-2 

Chautauq'i 
Atlantic 
C.RB  ol 
ot  N.  J. 


99,400 
48.000 

43,600 


53-8 
86 


L.V. 
10D-17W 
BaldniD 

Vauctain 
Compound 

IDOO 

194.756 

141.348 

53,410 


89% 
71-25 


Ant.  coal 

Oct.,  1000 

P.  312 


Simple 
1903 
202,000 
134,000 
39.000 
29.000 


3,265.1 
3.463.3 
90  3-16 
■'5% 
17.2 


Coal 

Feb..  1903 

P.  63 


2-6-2 
Prairie 


1902 
210.800 
140.200 

21,200 
40.400 


147.61 


2-6-2 
Prairie 


210,600 

n3,eno 

23,700 
37,500 


57-8% 
79 

1TA2S 


Special 
Suburban 


Simple 
1902 

218,000 
128,000 


111.700 

36.300 
41.500 


BItum. 

June.  1902 

p.  199 


BItum.  coal 
Dec. IPOI 

P.  373 


BItum, 

Coal 

i   .sr.ir.,1903 

P,  87 


FREIGHT  LOCOMOTIVBB. 


Type— Driver*    

TypL — Namo 

Nnniu   ot    mtlroRd 

Number  ot  road  or  claas.  . 

builder.  .    

Sliiiplu  or  compound 


engll 


total,  lbs 

Jiiading  truck.   Iba.. 
IrallluK  truck,  lbs. . 


WtlKlit  ot  tender  (loaded),  lbs... 
Whi-ul  lane,  driving,  ft.  and  loa- ■ 
Wliiel  hn-e.  total  eoKlne,  tl.  A  ID^. 
Wbrol   boKL-.   total    engine   and        I 

tciidcr.    tl,    and   Ins I, 

Driving  vilii't'lH,  diameter.   Ins. 


Indirx.    ntroke,    Ine 

,llng  -urfoce,  arch  tuben.  aq.  tt. 

,tliiK  *urfai.'B,  tubes,  sq,    It 

2,874.3 

120Vi 

Grjle  nn-a.  »q.  R. 

rii>llpr.  xmallust  dlamvter  nt.  Ins 
DoHkf,    height    ol    center    above 


e».  numbcir  ft  diameter  In  Int 

ef.  Irngib.   ft.   and  In* 

im  preskure.  Ibii..  per  w).  In.  . 


2026 
Scbenvclady 
2-c7lluder 
Componud 

1898 
192.000 
155,000 

37.000 

oinptr 


Jan.,  1899 
P.  26 


2-8-0 
Consol, 
N.  Y.  C, 


Compound 
1901 
192,000 
166,000 
26,000 

108.500 
19-0 
25-11 


155,4 

27.1 

3,298.08 

3,4S0.C 


BItum 

Uarch.  1901 
p.  S3 


193,500 
173,900 
20,500 


luno.  1899 
P.  177 


2-9-0 
Con  sot. 
Nor.  Pac 


Tandem 
Compound 
1901 
198,000 
175,000 
23.000 


15  £28 

34 
155,64 
26,43 
3,231,9 
3.414.0 
1001-16 
75>4 
52.3 


2-e-o 

Conical. 
N.  Y.  C, 

2399 

AmnrlcaD 

rnndem 

Compound 

1902 


1554 
27,00 
3,298.08 
3,480.57 


itmlKllt 

BItum 
Coul 
April,  190: 


Simple 
1B03 

200,500 


144.500 
17-0 
26-0 


American 
Tandem 

1002 


BItum.  coal 

March  1903 

P.  107 


2,737 
2.Bnn 
lom  - 

7114 


'W 


Bclpairi 
Jon..  1900 


18U9 
205,000 

itie,ooo 

39.000 


Wldi'boi 


1903 
207,900 

131.000 


120.400 
15-8 
24-4 

55-214 


72Vi 
54.21 

79% 


Compount 

1902 

209,000 


125.000 
15-fl 
24-3 


Y-3 

Tandem 
Compound 
1901 
209,500 
185,500 
24,000 

empty 
47.000 

15-0 

23-8 


StraUbt 

'  P.'270 


Baldwin 

1900' 
210.000 
185.100 

24,900 


4-8-0 

Maeiodon 

at.  N. 


212,750 

172,000 
40.750 


90.000 
15-10 
26-8 


JSQ..'l8UI 

p.  1. 


2-8-0 

ConRol. 

A.  T.& 
S.  F. 
824 

Baldwin 
Vaucloln 

1902' 


4-8-0 
Maetodon 
III,  Cent, 


Simple 

1899 
221,460 
181.400 
40.060 


2-B.O 
Con^oi- 
L.  ^ 

Bnid»  lii 
Comp' 


Tandem  C 
1003 

227,000 
201,000 
26,000 


Blium.  coal 
May.  19(';- 
P.    174 


2-e-O 
Consol. 


1898 

230.000 
208.000 
22,000 


104,000 
15-7 
S4-0 


2-8-0 
B.**  L,  E. 


1900 
250,300 


141,100 

16-7 
24-4 


2-10-0 
Decapod 
A„  T.  & 

S.  P. 


Tondem  0 

1902 
259,800 
282,000 

27.800 


134,900 
20-0 
28-11 

62-0 
67 

17^  ft  30 

205.4 

4!4mB 
4,681.0 
108  1-18 

7914 

59.5 

78« 

413-214 


2-8-2 
HIkado 
A.  T.  4 
S.  f. 
900 
Baldwin 
Vauclaln 
Compound 
1902 
261,720 
190.670 
27.260 
34.800 

162,000 

16-0 
31-6  M, 


68.6 

78% 
B-10 


2-10-0 
Decapod 

A.  T,  & 


Baldwin 
Tandem 

Compound 
1902 


0-10-0 
Roctl'l- 


S  imp  la 

1902 

291.000 

291,000 


(empty) 
62.600 
44-5 


'    Wagon  lop 

BItum.  c 


?  Wagon  lop 

Soft  cool 


NOTE— These  figures  have  been  werltled  by  the  railroad  officials  in  charga. 
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WEAKNESSES   IN    M.    C.    B.    KNUCKLES. 

Whonover  Mr.  G.  W.  Rhodes  says  or  writes  anything  on  a 
mechanical  sul)ject  connected  with  his  life  worlt  it  is  sure  to 
be  important.  The  attention  of  railroad  officers  is  directed  to 
his  strenuous  appeal  for  the  relesation  of  link  slots  and  pin 
holes  which  he  presents  in  his  article  on  page  243,  this  issue 
When  he  says,  'There  is  nothing  more  serious  or  disastrous  on 
a  railroad  than  a  breakin-two  with  a  freight  train,"  he  voices 
the  feelings  of  all  who  understand  train  operation.  It  is  to  be 
hoped  that  this  forcible  statement  of  the  situation  will  result 
in  the  banishment  of  this  fault  from  the  M.  C.  B.  knuckle  and 
that  it  will  be  done  at  Saratoga  at  the  coming  convention. 


"AMERICAN    ENGiNEER"    TESTS. 

Professor  Goss  has  completed  the  series  of  tests  on  stacks, 
and  in  this  issue  his  conclusions  appear.  These  are  printed 
now  in  order  to  place  the  results  before  the  readers  at  the 
time  ot  the  Master  Mechanics'  convention,  and  the  remaining 
portion  of  the  record  will  be  presented  later. 

At  the  1902  convention  of  the  Master  Mechanics'  Association, 
in  accordance  with  a  suggestion  by  President  Waitt,  the  execu- 
tive committee  was  instructed  to  assist  in  the  tests,  and  a 
special  committee  was  appointed  to  co-operate  with  The 
Amkkica.n  ENciiNEER  in  the  work.  This  committee  met  a  rep- 
resentative of  this  journal  in  October  last  and  arranged  for 
tests  to  be  made  on  several  railroads,  to  check  the  conclusions 
,  of  the  report  with  results  obtained  in  service.  This  committee 
will  report  at  the  approaching  convention. 

The  next  step  will   be  to  take  up  the  investigation  of  the 
front-end  problem  in  large  locomotives. 


cial  resulu  of  operation.     For  this  reason  the  railroads  can 
well  afford  to  give  generous  financial  support. 

The  railway  clubs  are  doing  in  an  a<lmirable  way  much  of 
the  work  formerly  falling  to  this  association,  and  it  seems 
desirable  in  every  way  to  give  a  large  proportion  of  attention 
to  investigation  and  to  other  work  which  none  but  a  national 
organization  can  do. 

The  strength  of  the  Master  Car  Huilders'  Association  lies 
in  the  fact  of  its  representative  membership  in  matters  con- 
nected with  car  interchange.  The  Master  Mechanics'  Asso- 
ciation would  be  wise  to  obtain  the  advantage  of  representa- 
tion of  the  railroads  which  would  necessarily  follow  the  in- 
auguration of  the  policy  under  di.scussion. 

Many  new  problems  are  arising,  and  these  all  Involve  com- 
mercial questions  of  large  investments.  Some  of  them  may  be 
mentioned  as  general  lines  for  investigation.  For  example, 
we  have  the  big  engine,  compounding,  valve  gears,  superheat- 
ing, water  purification,  power  house  practice,  motor  driving  of 
machine  tools,  cuts,  feeds  and  speeds  of  machine  tools.  All 
these  are  important  questions  which  involve  large  expendi- 
tures which  should  be  administered  with  the  utmost  possible 
intelligence  rather  than  by  the  cut  and  try  policy  which  must 
necessarily  prevail  in  the  absence  of  definite  knowledge  of 
cause  and  effect  which  well  considered  tests  would  disclose. 


THE    OPPORTUNITY    OF   THE    MASTER  MECHANICS- 
ASSOCIATION. 


Those  who  are  watching  the  career  of  the  American  Railway 
Master  Mechanics'  Association  with  the  greatest  interest  be- 
lieve that  it  is  now  facing  an  opportunity  which  is  in  many 
ways  the  most  important  which  has  ever  come  before  it 

In  his  presidential  address  last  year  Mr.  Waitt  directed 
attention  to  the  desirability  of  conducting  tests  under  the 
direction  and  financial  responsibility  of  the  association 
through  which  many  questions  relating  to  the  efficiency  of 
operation  of  locomotives  may  be  studied;  and  this  is  the 
opportunity  to  which  Uie  attention  of  railroad  officers  should 
be  directed. 

At  times  most  excellent  and  valuable  investigations  have 
been  made  by  the  association,  of  which  the  exhaust  nozzle 
tests  of  1896  are  a  conspicuous  example.  With  the  growth  of 
the  locomotive  and  the  advances  of  the  present  time  in  methods 
of  designing  and  maintaining,  it  is  specially  necessary  that 
various  very  important  questions  should  be  carefully  investi- 
gated and  reported  upon  by  experts  working  under  the  direc- 
tion of  those  who  are  responsible  for  locomotive  operation 
and  this  cannot  be  properly  done  except  by  this  organization 
or  under  its  direction  and  control.  The  work  must  be  con- 
trolled and  directed  by  those  who  know  the  needs  and  who  can 
eliminate  all  question  of  personal  opinion  or  advantage. 

Perhaps  The  Amebicain  Engikeek  Tests  have  given  an  im- 
petus to  the  idea  of  the  necessities  of  a  thorough,  systematic 
study  and  investigation  of  features  of  locomotive  design,  but 
whether  or  not  this  is  the  cause  at  the  present  time,  two  'com- 
mittees will  report  this  year  upon  the  subject  of  tests  and  the 
association  will  soon  consider  ways  and  means  for  providing 
for  tests  under  the  auspices  of  the  association. 

The  reason  why  this  offers  a  great  opportunity  to  increase 
the  usefulness  of  the  association  is  that  it  presents  a  method 
of  uplifting  the  whole  mechanical  department  to  a  higher 
plane  of  usefulness  by  furnishing  information  which  should 
control  and  direct  the  efforts  of  locomotive  men  in  an  intelli- 
gent way  which  may  be  immediately  reflected  in  the  commer- 


FLYWHEELS    ON    PLANER    DRIVES. 

Tlie  receut  criticism  by  the  American  Machinist  of  the 
article  by  Mr.  J.  C.  Steen,  entitled:  "Driving  Planers,"  appear- 
ing m  our  May  issue,  gives  evidence  of  a  failure  to  carefully 
read  the  article.  The  article  was,  in  no  se7ise  a  record  of  a 
test  of  a  planer  drive,  being  nowhere  so  stated.  It  was  writ- 
ten to  describe,  briefly,  a  condition  of  planer  driving  that  had 
existed  for  several  years.  The  scope  of  the  article  was  not 
extended  to  a  consideration  of  the  causes  of  the  increased 
demands  for  power  made  by  planers  at  reversals  of  their 
platens'  motion;  had  it  been  intended  as  a  treatise  upon 
planer  driving,   this  feature  would   have   been   discussed 

The  author,  Mr.  Steen,  was  well  acquainted  with  the  fact 
that  the  inertia  of  the  pulley  wheels  in  a  planer's  drive  is 
largely  responsible  for  this  phenomenon.  Furthermore  this 
subject  was  only  recently  treated  in  our  columns,  in  an  article 
1  elating  to  the  application  of  fly-wheel  drives  to  some  of  the 
motor-driven  reciprocating  tools  at  the  CoUinwood  shops  of 
the  Lake  Shore  &  Michigan  Southern  Railway  (see  page  10' 
of  our  March,  1903,  issue). 

We  are  more  than  surprised  that  the  American  Machinist 
also  takes  the  stand  of  questioning  the  advisabilitv  of  apply- 
ing fly-wheels  to  planer  drivers  in  which  it  is  known  that 
heavy  extra-power  demands  are  made.  It  is  stated  in  their 
editorial:  "The  fly-wheel  will,  no  doubt,  reduce  the  surge  of 
current,  but,  in  doing  this,  it  prolongs  the  time  during  which 
the  increased  current  must  act,"  etc.  Now  this  result  is  exact- 
ly  what  IS  wanted!  It  is  not  expected,  nor  intended,  to  reduce 
the  work  of  reversal,  but  the  great  desideratum  is  to  "prolong 
the  time"  during  which  the  current  acts,  so  that  the  objec- 
tionable peak  of  the  load  curve  is  flattened  down.  This  will 
greatly  reduce  the  severity  of  the  shock  to  the  motor  and  also 
will  reduce  the  extreme  and  abnormal  rush  of  current  which 
IS  so  detrimental  to  the  electrical  distribution  circuit. 

The  American  Machinist  has  also,  in  the  editorial  in- 
advertently confused  terms  in  stating  that  a  motor  of  the' con- 
stant-speed type  is  not  "suited  to  the  purpose"  of  driving 
planers,  for  which  a  differentially  wound  (over-compounded 
field)  motor  should  be  used.  The  differential  wound  motor 
with  over-compounded  fields,,  is  nothing  more  nor  less  than  a 
constant-speed  motor,  the  over-compounding  being  used  pur 
posely  to  maintain  its  speed  constant  by  greatly  increasing 
the  torque  in  the  armature  at  every  tendency  to  slow  down 
due  to  an  increased  demand  for  power.  Mr.  Steen's  use  of  the 
term,  "constant-speed  motor,"  was  merely  that  necessary  to 
distinguish  the  type  used  from  the  variabl^speed  type  such 
as  the  multiple-voltage,  double-commutator  and  other  "types 
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FIG.   27. — EXTEKIOE  VIEW  OF  THE 


SPEED   "VAEIATOE,"    AS   EQUIPPED    WITH  BEVEBSING  CLUTCHES  FOE  LATHE   DBIVING. 


FIG.    28. — FEONT  VIEW   WITH   COVEES 


EEMOVED,    SHOWING    SHIPPEB   LE^-EB  AND  CONNECTING  EOD  TO   SLOW-SPEED  CLUTCH. 


FKL    29. — REAR    VIEW    WITH 


COVEBS    BEHOVED,    SHOWING    BOPE  SHEAVE    FOR    SHIFTING    SLIDING    CONE. 


"^^ 


i^^ffliS 


^ 


FIC.     30.— LONGITUDINAL    SECTION    AND    CROSS    SECTION    THEOUGH     SHIPPEB     MECHANISM. 

THE    SCHELLENBACH    VARIABLE-SPEED    DRIVTNCx    MECHANISM.-NATIONAL    MACHINE    TOOL    COMPANY. 
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MACHINE  TOOL   PROGRESS. 


Feeds  and  Drives. 


VI. 


BV   O.   W.   OUEKT. 


The  lliii-il  article  of  this  series  (page  98,  March, 
iy03)  described  au  independent,  detachable  feeding  mechan- 
ism, applicable  to  lathes  of  any  design,  which  is  built  by  the 
National  Machine  Tool  Company,  Cincinnati,  Ohio.  The  Na- 
tional Machine  Tool  Company  are  also  building  an  independent 
variable-speed  main  driving  mechanism  of  very  interesting 
design  which  is  applicable  to  the  driving  of  all  types  of  ma- 
chine tools  and  other  machinery  requiring  variable-speed 
drives.  The  latter  device  is  of  particular  interest  at  the 
present  time,- owing  to  the  greatly  increasing  use  of  electric 
driving  by  constant-speed  motors.  This  speed  "variator" 
makes  available  a  wide  range  of  speeds  from  a  constant-speed 
drive,  the  changes  being  easily  obtainable  without  the  trouble 
of  changing  belts.  It  is  being  largely  used  in  connection  with 
constant-speed  drives,  both  from  motors  and  from  line  shaft- 
ing, with  marked  success. 

In  the  form  shown  in  the  exterior  view  of  this  device 
(Fig.  27)  it  is  intended  for  use  as  a  countershaft  drive  for 
lathes  and  other  machine  tools,  but  its  construction  is  such  as 
to  enable  it  to  be  adapted  for  use  in  any  manner  or  In  any 
place  where  changes  of  speed  are  required  between  wide  limits. 
And  recent  improvements  in  the  method  of  changing  the  gear 
ratios  have  rendered  it  capable  of  withstanding  the  most 
severe  service. 

The  principle  of  the  speed  variator  is  made  clear  in  the 
following  engravings.  Figs.  28  and  29  present  front  and  rear 
views  of  the  mechanism  with  the  protecting  covers  removed, 
while  Fig.  30  shows  a  sectional  elevation  of  the  mechanism. 

The  general  principle  upon  which  the  mechanism  operates 
is  the  familiar  one  of  two  cones  or  nests  of  gears  arranged 
upon  parallel  shafts  for  the  proper  meshing.  The  driving 
shaft  A,  Figs.  28-30,  is  carried  in  a  sleeve  (C),  to  which  it  is 
fastened  to  prevent  end  movement,  and  is  milled  out  at  the 
left-hand  end  in  order  to  clutch  with  a  sliding  pinion  shaft 
(B,  Fig.  30).  Mounted  loosely  on  shaft  E  is  a  pinion  (F), 
which  has  a  long  sleeve  passing  through,  and  upon  which  are 
keyed  the  larger  gears  of  this  cone  of  gears. 

On  the  shaft  E,  which  rotates  at  all  times  witli  shaft  A,  is  a 
pinion  (at  the  left  oi  pinion  F),  which  runs  in  mesh  with  the 
largest  gear  of  the  lower  cone.  The  bushing  D  is  slotted  on  its 
lower  side  to  receive  the  upper  end  of  the  rocker  R,  and  when 
this  rocker  is  operated  both  bushing  and  shaft  are  moved  end- 
wise. There  is  also  a  flange  (H)  at  the  right-hand  end,  which 
is  keyed  and  clamped  to  move  with  shaft  E  between  the  largest 
gear  and  the  frame,  and  is  provided  with  a  taper  wedge  which 
fits  a  corresponding  taper  in  the  split  friction  ring  Q  in  the 
gear.  A  washer  (M)  is  placed  on  the  shaft  to  serve  as  a  re- 
tainer for  ring  Q,  and  between  the  washer  and  the  sleeve  C 
are  vertical  pins  (0)  passing  loosely  through  flange  H,  which 
prevent  the  gear-cone  from  moving  endwise.  It  may  be  seen 
that  when  the  shaft  is  moved  by  the  bushing  D  and  rocker  R 
the  cone  of  gears  will  be  locked  to  it  or  unlocked  by  the  fric- 
tion ring  Q. 

In  most  mechanisms  of  this  kind  the  loose  gears  are  in  mesh 
with  the  driving  gears  all  the  time,  so  that  all  rotate  at  their 
respective  speeds  without  regard  to  whicli  gear  is  carrying  the 
load;  in  this  device  the  loose  gears  are  bored  out  larger  than 
the  diameter  of  the  shaft  B,  and  when  not  in  action  drop  out 
of  mesh  and  simply  hang  suspended  with  their  teeth  just  out 
of  contact  with  the  teeth  of  the  driving  gears.  The  hubs  of  the 
loose  gears  are  prolonged  so  that  when  the  gears  have  dropped 
out  of  mesh  the  hubs  will  be  supported  upon  the  separating 
pieces  PP  and  keep  the  top  surfaces  of  the  bore  of  the  gears 
out  of  contact  with  the  rotating  shaft. 

The  bore  of  these  gears  is  the  same  as  the  outside  diameter 
of  the  sliding  cone,  which  lifts  the  gears  into  mesh  with  their 
drivers.     This   cone  has  a  spring  key  and  is  moved   along 


ihiougii  tne  gears  by  tne  sliding  sieeve  J,  the  latter  having  on 
its  under  side  a  rack  which  engages  with  the  gear  L.  The  in- 
side of  each  gear  is  beveled  at  the  same  angle  as  the  outside  of 
the  cone,  and  the  keyways  provided  in  them  are  so  located 
that  when  the  cone  is  shifted  from  one  gear  to  another  the 
new  gear  shall  be  fully  engaged  and  the  old  one  entirely  dis- 
engaged before  the  spring  key  can  gel  Into  a  keyway  and  so 
lock  the  driven  gear  to  the  shaft. 

The  largest  one  of  the  lower  cone  of  gears  is  constantly  In 
■  mesh  with  the  pinion  on  shaft  E;  the  hub  of  this  gear  takes 
its  bearing  in  the  bore  of  the  boss  on  the  lower  left-hand  end 
of  frame  1.  This  hub  is  provided  with  a  friction  clutch  which 
is  operated  by  the  wedge  collar  K  splined  to  the  shaft  B.  The 
collar  is  moved  on  the  shaft  by  the  rocker  R,  this  rocker  hav- 
ing a  fork  at  its  lower  end  provided  with  a  shoe  fitting  a 
groove  in  the  collar. 

The  gear  L  which  operates  the  sliding  cone  is  keyed  to  the 
short  shaft  shown  in  the  cross-section  view  (Fig.  30),  which 
shaft  has  a  rope  sheave  upon  its  end.  The  gear  L.  has  as  many 
radial  grooves  milled  in  its  face  as  there  are  gears  on  the 
lower  shaft,  and  a  spring-seated  plug  in  front  of  it  has  a  roller 
which  engages  these  grooves.  To  the  left  of  this  plug  is  an- 
other plug  made  slightly  conical  to  bear  against  the  pointed 
screw  shown  in  the  lever  W.  This  lever  is  connected  at  its 
upper  end  with  rocker  R  by  a  flat  connecting  rod  (shown  in 
Fig.  28)  and  has  a  shipper  handle  bolted  into  the  pocket  shown 
at  the  lower  end. 

When  the  shipper  is  moved  to  the  right  it  releases  the  fric- 
tion in  the  large  gear  of  the  lower  shaft  and  locks  the  upper 
gears  to  shaft  E,  for  driving;  when  to  the  left,  the  upper  cone 
is  released  and  the  lower  large  gear  is  locked  to  its  shaft. 
Thus  the  power  is  removed  from  the  upper  gear-cone  and  the 
lower  shaft  driven  slowly  during  the  speed-changing  operation; 
for  the  shipper  must  be  moved  to  the  left  before  the  rope 
sheave  can  be  turned  to  move  the  sliding  cone. 

Referring  again  to  the  cross-section,  it  will  be  seen  that  the 
pointed  screw  in  lever  W  bears  against  the  point  on  the  spring- 
seated  plug  when  the  upper  cone  of  gears  is  locked  to  shaft  E. 
At  this  time  the  inner  surfaces  of  the  two  plugs  are  in  con- 
tact and  the  roller  has  not  sufficient  lateral  movement  to  get 
out  of  the  groove  in  gear  L,  but  when  the  shipper  is  moved  to 
the  left,  thus  releasing  the  upper  gears  and  locking  the  large 
gear  below  to  its  shaft,  the  pointed  screw  moves  out  of  line 
with  the  point  on  the  spring  plug,  and  the  sheave  may  then  be 
rotated  to  any  desired  position.  But  should  it  be  rotated  so 
as  to  bring  the  lower  sliding  cone  between  two  of  the  gears, 
the  spring-seated  plug  will  be  forced  out  sufficient  to  lock  the 
lever  W  in  such  a  position  that  the  upper  gears  cannot  be 
locked  to  shaft  E. 

This  attachment  makes  it  possible  to  run  the  countershaft  at 
a  very  high  rate  of  speed  without  danger  of  breaking  the  gears 
when  the  speed  is  being  changed.  Also,  with  this  arrange- 
ment the  cone  and  key  on  the  lower  shaft  can  be  moved  very 
quickly  from  one  end  to  the  other. 

This  device  approaches  very  closely  to  the  ideal  mechanism 
for  the  gradual  shifting  to  higher  or  lower  speeds  which  is 
characteristic  of  all  frictional  variable-speed  devices.  It  is 
very  strongly  built,  being  intended  for  the  most  severe  service, 
and  has  the  great  advantage  of  preventing  double  gear  com- 
binations which  result  in  stripping  gear-teeth,  and  also  the 
possibility   of  severe  sjiocks   at   speed-changes   is   eliminated. 


The  Twentieth  Century  Limited  made  a  remarkable  run 
from  Cleveland  to  Elkhart  on  the  Lake  Shore  on  the  night  of 
May  24.  The  train  arrived  in  Cleveland  1  hour  and  32  minutes 
late,  arrived  at  Elkhart  14  minutes  late,  and  was  on  time  at 
Dune  Park.  35  miles  from  Chicago.  From  Cleveland  to 
Toledo.  104  7  miles,  was  covered  in  105  minutes,  at  59.8  miles 
per  hour.  The  engine  was  class  J  (American  Exgixeek. 
March.  1901.  page  60).  From  Toledo  to  Elkhart  the  train  was 
hauled  by  a  class  I  engine  (November,  1899.  page  343)  at  a 
speed  of  70  miles  per  hour,  or  133  miles  in  114  minutes.  The 
train  consisted  of  a  buffet  smoker,  two  sleepers  and  an  ob- 
servation car.  This  record  is  sent  from  the  official  train  sheets 
by  Mr.  H.  F.  Ball. 


230   AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL 


LEAKY    FLUES    AND    QRCULATION 


In  Wide-Firebox  Locomotives. 


I!Y       JOHN       PLAYER,       MECHANICAL      ENGINEER,      BROOKS       WORKS, 
AMERICAN      LOCOMOTIVE      COMPANY. 


The  leakage  of  flues  in  wide-firebox  boilers  is  due  to  several 
different  causes,  some  of  which  do  not  exist  in  narrow  fire- 
boxes. Among  the  chief  causes  of  the  trouble  is  a  series  of 
local  conditions,  the  first  of  which  is  the  class  of  fuel  used; 
second,  the  inexperience  of  firemen  and  engineers  in  handling 
wide-firebox  engines;  third,  the  ignorance  of  the  hostlers  and 
those  in  charge  of  engines  at  terminals  in  handling  this  type 
of  engine. 

With  regard  to  the  type  of  fuel  used,  suiBcient  attention  has 
probably  not  been  paid  in  the  design  of  medium-wide  firebox 
boilers  for  burning  bituminous  coal  to  the  proper  grate  area 
required  for  the  different  classes  of  coal.  In  narrow-firebox 
engines  all  that  was  necessary  was  to  get  in  as  large  grate 
area  as  possible.  In  some  of  the  wide-firebox  designs  too 
large  a  grate  area  has  been  introduced  for  burning  the  class  of 
coal  required.  This  subject  is  receiving  closer  attention  than 
originally,  and  we  expect  ere  long  to  be  able  to  determine 
more  accurately  the  correct  grate  area  for  different  classes  of 
fuel  in  different  sections  of  the  country.  When  this  has  been 
accomplished  one  of  the  causes  of  leaky  flues  will  be  removed. 
With  regard  to  the  second  item — inexperience  of  firemen: 
This  gradually  disappears  as  the  firemen  become  more  experi- 
enced in  handling  wide-firebox  engines.  Especially  is  this  true 
if  the  roads  operating  them  have  intelligent  traveling  en- 
gineers or  practical  traveling  firemen  who  conscientiously  take 
hold   of  this  subject  and  instruct  the   flremen   properly. 

Third,  the  ignorance  of  hostlers  can  be  eliminated  by  con- 
scientious work  on  the  part  of  roundhouse  foremen  and  others 
in  charge  of  terminals  to  see  that  the  hostlers  handle  the  wide- 
flrebox  engines  properly  and  do  not,  as  is  generally  the  prac- 
tice, dump  the  fire  out  of  doors,  leaving  the  blower  on  full,  and 
consequently  inducing  a  great  amount  of  cold  air  to  come  in 
contact  with  the  flue-sheets. 

The  other  causes  of  leakage  of  flues  in  wide-firebox  engines 
are  largely  due  to  error  in  design  or  to  restrictions  placed  by 
the  railroad  company  upon  builders,   as  follows: 

In  a  wide-flrebox  boiler,  owing  to  the  grate  being  wide  and 
short  and  of  greatly  increased  area,  a  far  more  intense  heat  is 
obtained  against  the  flue-sheet  than  in  a  narrow  firebox,  where 
the  grate  is  narrower  and  longer,  and  in  which  a  large  propor- 
tion of  the  heat  generated  in  the  rear  portion  of  the  firebox 
becomes   absorbed   by   the   sides   and   crown-sheet.     The   flue- 
sheets  and  ends  of  flues  in  any  tubular  boiler  will  stand  a  cer- 
tain degree  of  heat  without  injury.     However,  when  this  tem- 
perature is  greatly  exceeded   injury  is  caused,  from  the  fact 
that  this  increase  of  temperature  has  an  annealing  effect  upon 
the  ends  of  the  flues,  reducing  the  tension  therein  which  has 
been  created  by  roiling  and  expanding  them  in  the  sheets  and 
by  beading  them  over,  these  mechanical  operations  upon  the 
flues  having  a  tendency  to  harden  them  in  the  sheet.     This 
action   removes   the   tension   therein    and    practicailly   loosens 
them  in  the  sheet,  thus  causing  leakage.      In  order  to  guard 
against  this  increase  of  temperature  in  the  ends  of  the  flues 
and  flue-sheet,  better  and  freer  circulation  must  be  provided. 
This  can  only  be  accomplished  by  increasing  the  spacing  of  the 
flues,  more  especially  the  horizontal  spacing,  so  as  at  all  times 
to  ensure  an  ample  supply  of  water  in  contact  with  the  sheet 
and  flue  ends.      Some  builders  and  many  railway  companies 
insist  upon  inserting  a  superabundance  of  flues  in  boilers,  espe- 
cially of  the  wide-firebox  type,  desiring  to  outstrip  their  com- 
petitors in  the  number  of  square  feet  of  theoretical  heating 
surface  which  they  can  show  on  paper  as  contained  in  their 
engines.     However,  it  takes  something  more  than  theoretical 
heating  surface  to  make  steam  and  produce  a  satisfactory  en- 
gine.   A  sufficient  supply  of  water  at  all  times  in  contact  with 
the  effective  heating  surface  is  far  more  necessary  than  an 


absurd  amount  of  heating  surface  which  cannot  be  utilized 
from  lack  of  water  to  evaporate.  A  good  and  free  circulation 
in  a  boiler  is  also  of  the  greatest  importance. 

Another  point  which   has  been  in  the  past,  and   is  at  the 
present,  overlooked  by  locomotive  designers,  builders  and  users 
is  the  fact  that  not  only  must  means  for  ample  circulation  be 
maintained,  but  also  that  this  circulation  must  be  uniform  at 
all  times,  or,  in  other  words,  that  a  change  or  disturbance  in 
the  circulation  produces  detrimental  results.     It  is,  I  think,  a 
well-established  fact  that  where  two  injectors  are  used,  deliver- 
ing water  through  two  separate  check  valves  located  on  oppo- 
site sides  of  the  boiler  at  the  front  end,  when  the  second  in 
jector  is  applied  the  steaming  qualities  of  the  engine  are  tem- 
porarily reduced.    This  is  not  due,  as  many  would  claim,  with- 
out reasoning,  to  the  additional  amount  of  water  injected  into 
the  boiler,  but  to  a  temporary  disturbance  in  the  circulation  of 
the  water  in  the  boiler,  for  has  it  not  been  demonstrated  that 
when  the  water  is  delivered  from  the  second  injector  through 
a  duplicate  check  or  elbow  at  the  same  point  as  from  the  first 
injector,  practically  no  reduction  in  pressure  is  observed  when 
the  second  injector  is  applied?    This  would  seem  to  prove  con- 
clusively that  the  effect  on  the  steaming  qualities  was  due  to  a 
disturbance  in  circulation  caused  by  introduction  of  feed  water 
into  the  boiler  at  another  point.   Furthermore,  if  this  matter  is 
given  sufficient  thought  and  the  proper  course  of  circulation  in 
the  boiler  followed,  does  it  seem  right  to  apply  the  feed  water 
against  the  flues  half-way  up  the  side  of  the  boiler  at  a  point 
where  such  application  will  materially  disturb  the  natural  cir- 
culation?    Would  it  not  be  better  to  apply  the  feed  water  at 
the  bottom   of  the  boiler,  toward  the  front  end,  providing  a 
discharge  backward  toward  the  firebox  flue-sheet,  which  is  the 
natural    course    for   the   circulation   to   take?       I    have    often 
noticed  in  boilers  where  the  checks  are  applied  to  the  back 
head    or    otherwise    through    internal    pipes,    discharging    the 
water  toward  the  front  flue-sheet  instead  of  splattering  it  all 
over  the  flues,  that  the  application  of  the  flrst  or  second  in- 
jector  with   such   arrangement  has   far   less   effect   upon   the 
steaming  qualities   of  the   boiler   than   with   the   use   of  side 
checks.    This  is  simply  due  to  the  fact  that  although  the  intro- 
duction of  the  feed  water  is  not  in  the  theoretically  correct 
course  of  the  natural   circulation   in  the  boiler,   it  far   more 
nearly  approximates  it  than  the  erroneous  application  on  the 
side. 

If  the  matters  I  have  outlined  above  are  given  proper  atten- 
tion, I  fail  to  see  why  trouble  should  be  experienced  from  leaky 
flues  in  wide-firebox  boilers. 

Editor's  Note. — Mr.  Player's  discussion  is  supplemented  by 
a  report  of  an  interesting  test  of  firebox  conditions  from  an- 
other source,  as  follows: 

A  Test  of  Firebox  Conditions. 
It  is  startling  to  be  told  that  firebox  sheets  (side  sheets) 
become  dry,  but  this  seems  to  be  the  fact  when  engines  are 
working  hard.  The  following  is  quoted  from  a  report  to  the 
superintendent  of  motive  power  of  a  road  where  great  difficulty 
is  experienced  in  the  cracking  of  side  sheets  of  engines  not 
more  than  18  months  in  service: 

"We  have  completed  our  test  of  engine  No.  —  to  determine 
the  dryness  of  steam  adjacent  to  the  firebox.  We  first  used 
glass  water  gauges  on  the  sides,  but  these  showed  water  at  all 
times.  We  next  placed  gauge-cocks  with  extension  tubes  on 
the  sides,  about  midway  of  the  length  of  the  firebox,  the  lower 
gauge  being  about  16  ins.  above  the  mud  ring,  the  second  6  ins. 
higher,  and  the  fourth  gauge  about  40  ins.  above  the  mud  ring. 
The  ends  of  the  extension  of  the  gaugcKiocks  projected 
through  the  water  space  to  within  %  in.  of  the  water  side 
of  the  inside  firebox  sheet.  These  extensions  were  gradually 
shortened  until  the  ends  were  %  in.  from  the  inside  sheet, 

"We  find  from  this  experiment  that  when  the  engine  is  work- 
ing hard  there  is  a  zone  of  practically  dry  steam  covering  the 
central  portion  of  the  side  sheet;  that  is  to  say,  the  evapora- 
tion is  so  rapid  that  the  sheet  under  these  conditions  is  at 
times  dry.  The  zone  appears  to  start  at  zero  and  increase  in 
thickness  as  it  extends  upward.  At  the  center  of  the  sheet 
there  is  about  %  in.  of  practically  dry  steam.     It  la  not  con- 
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stant,  nor  is  the  dislanco  from  tho  firebox  a  fixed  one,  but  it 
varies  as  the  fire  is  pushed  and  the  height  of  water 'increases. 
It  appears  that  the  zone  is  thicker  when  the  water  is  low.  The 
sudden  lurching  or  swaying  of  the  boiler  appears  to  throw 
water  against  the  sheet.  This  is  evident  from  the  fact  that 
there  may  be  a  steady  fiow  of  steam  for  a  few  seconds,  then 
water,  and  so  on.  Upon  opening  one  of  the  cocks  water  will 
flow,  later  steam.  If  the  cocks  are  left  open,  it  seems  as  if  a 
suction  is  produced  on  the  inner  end  of  the  tube  which  draws 
the  water  out. 

"We  know  that  the  temperature  Vm  in.  from  the  inside  sheet 
on  the  water  side  is  at  times  435  deg.  This  is  above  the  tem- 
perature of  steam  at  200  lbs.  pressure  by  54  deg.  The  tem- 
perature may  be  even  higher.  This  we  shall  demonstrate  very 
soon.      From  the  fact  that  all  of  the  cracked   sheets  appear 


to  be  burnt  it  Is  evident  that  the  temperature  of  the  sheet  Is 
much  higher  than  435  deg.  It  could  not  on  the  water  side  be 
above  381  deg.  at  200  lbs.  pressure  If  water  were  constantly 
against  the  sheet.  These  facts  support  the  theory  of  dry  steam 
being  present  against  the  sheet  under  the  above  conditions." 
On  new  engines  this  roa(f  has  had  many  cracked  and  bulged 
side  sheets.  The  cracks  are  nearly  always  vertical  and  the 
steel  is  covered  with  minute  cracks,  parallel  and  vertical,  very 
closely  resembling  burnt  steel;  yet  the  steel  was  satisfactory 
under  tests.  The  cracks  have  developed  in  the  roundhouso 
when  firing  up  or  washing  out.  They  are  often  accompanied 
by  loud  reports,  indicating  high  internal  stresses  in  the  firebox 
structure.  These  facts  indicate  the  necessity  for  a  thorough 
study  of  firebox  conditions,  and  they  point  to  the  importance 
of  improved  circulation. 
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While  making  some  tonnage  rating  tests  with  a  dynamome- 
ter car  for  the  B.  &  M.  R.  R.  about  a  year  ago  the  writer  also 
took  occasion  to  make  analyses  of  the  smokebox  gases  and  it 
was  thought  it  would  be  interesting  to  give  results  of  experi- 
ence with  the  burning  of  lignite  coal  in  locomotives  in  Mon- 
tana on  the  Sheridan  Division  of  that  road,  togetlier  with 
methods  and  results  of  smokebox  analyses. 

GENERAL    REMARKS. 

Along  the  line  of  the  B.  &  M.  R.  R.  in  Wyoming  and  Montana 
two  kinds  of  fuel  are  available  for  locomotives,  namely,  bitumi- 
nous coal  obtained  from  Cambria,  Wyo.,  and  lignite  coal  now 
obtained  mostly  from  Dietz,  Wyo.,  just  out  of  Sheridan. 

The  bituminous  coal  is  a  low  grade  containing  very  high 
percentage  of  ash,  quickly  filling  ash  pans  and  firebox,  al- 
though it  has  the  redeeming  feature  that  it  does  not  readily 
clinker.  The  lignite  coal  is  low  in  ash,  but  contains  consid- 
erable moisture.  The  lignite  coal  requires  but  little  labor  in 
taking  care  of  ashes  and  it  does  not  fill  up  the  firebox,  but  its 
worst  feature  is  that  it  does  not  coke  and  is  very  light,  and 
consequently  throws  sparks  furiously  with  the  ordinary  front 
end  construction  for  bituminous  coal.  The  sparks,  too,  hold 
fire  a  long  time. 

Here  is  given  the  average  analysis  of  the  two  coals: 


Cambria  Sboridan 

Bituminous.  Lignite. 

Per  Cent.  Per  Cent. 

Moisture 5  17 

Volatile    Matter    5  35 

Fixed   Carbon    40  40 

Asb     20  8 

It  will  be  noted  in  the  above  composition  that  the  volatile 
combustible  matter  and  the  fixed  carbon  are  about  the  same  in 
the  two  coals,  the  bituminous  coal  containing  a  low  amount 
of  moisture  and  a  high  amount  of  ash,  w^hile  the  reverse  is  the 
case  with  the  lignite  coal.  While  the  heat  units  generated  by 
each  coal  would  be  practically  the  same,  the  heat  actually  avail- 
able would  be  greater  with  the  bituminous  coal,  due  to  the 
tact  that  with  the  lignite  coal  the  great  amount  of  moisture 
absorbs  and  carries  away  some  of  the  heat.  This  moisture 
also  becoming  steam,  takes  up  considerable  room,  thus  increas- 
ing the  volume  of  smokebox  gases  per  unit  of  heat. 

The  considerable  inconvenience  and  loss  resulting  from  the 
high  percentage  of  ash  in  the  bituminous  coal  causing  ash  pans 
and  fireboxes  to  fill  up  so  very  quickly,  and  expense  of  handling 
ashes  led  to  experiments  with  lignite  coal,  particularly  as  lig- 
nite had  been  used  for  fuel  in  locomotives  by  some  roads 
further  south. 

DESIGN    OP  FRONT  END   AND   GRATES. 

In  changing  a  locomotive  to  burn  lignite  coal  that  has  been 
burning  bituminous  coal  the  two  important  changes  are;  First, 
to  use  a  front  end  arrangement  that  will  be  effective  in  pre- 
venting sparks,  and,  second,  to  use  finer  grate  openings  so  as 
to  prevent  coal  from  dropping  into  the  ash  pan.  The  first  en- 
gine changed  was  in  January,  1901,  and  soon  after  that  other 
engines  were  changed  on  the  Sheridan  Division.  The  front 
end  arrangement  as  adopted  for  the  Class  D-3  engines,  which 
are  large  consolidation  freight  engines,  is  shown  in  Fig.  1, 
and  grates  of  Class  R-2  engines,  which  are  "Prairie"  type 
freight  engines,  are  shown  in  Fig.  2. 

REMARKS   ON    COMBUSTION   AND   COMPOSITION   OF   SMOKEBOX   GASES 

The  parts  of  coal  that  are  of  value  for  developing  heat  are 
the  elements  carbon  and  hydrogen,  most  of  the  heat  being  ol>- 
tained  by  the  combining  of  oxygen  with  the  air  with  the  car- 
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bon  "in  the  coal,  but  some  also  being  obtained  by  the  com- 
bining of  hydrogen  with  oxygen.  In  an  analysis  of  coal  the 
volatile  combustible  matter  and  moisture  represent  the  por- 
tion that  volatilizes  and  forms  when  coal  is  thrown  into  the 
fire.  The  moisture  is  of  no  value  for  producing  heat,  but  on 
the  other  hand  is  detrimental  by  absorbing  heat  and  carrying 
it  off,  and  is  also  detrimental  by  increasing  the  volume  of 
smokebox  gases.  The  volatile  combustible  matter  in  being 
converted  into  gas  absorbs  heat,  but  in  combining  with  oxygen 
of  the  air  gives  out  heat  in  considerable  quantity.  The  com- 
ponents of  the  volatile  combustible  matter  that  are  useful  for 
heat  production  are  carbon  and  hydrogen.  The  fixed  carbon 
does  not  volatilize,  but  remains  upon  the  grates  until  the 
oxygen  of  the  air  comes  along  to  combine  with  it  when  it  is 
converted  into  carbon  monoxide  or  carbon  dioxide,  according 
to  the  quantity  of  oxygen  available.  The  air  necessary  for 
combustion    consists    principally    of    two    gases — oxygen    and 
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nitrogen;  the  active  gas  In  combustion  is  oxygen  and  com- 
poses about  one-fifth  volume  of  the  air,  while  the  nitrogen  is 
inert,  talcing  no  active  part  in  combustion,  simply  acting  to 
dilute  the  oxygen. 

Carbon  is  a  solid  substance,  but  when  it  combines  chemi- 
cally with  the  gas  oxygen  under  conditions  of  complete  com- 
bustion the  product  is  the  gas  carbon  dioxide,  chemical  symbol 
of  which  is  CO2,  heat  being  one  of  the  physical  effects  of  this 
chemical  combustion.  Where  carbon  combines  with  limited 
supply  of  oxygen  the  gas  carbon  monoxide  (CO J  is  formed 
with  a  production  of  only  about  one-third  of  the  heat  in  the 
previous  case.  Hydrogen  is  a  gas  which  combines  with  the 
gas  oxygen  to  form  water  (H:0),  which  is  liquid  at  ordinary 
temperatures,  but  is  a  gas  or  steam  above  212  degs.  at  atmos- 
pheric pressure,  considerable  heat  being  one  of  the  physical 
effects. 

The  following  table  shows  the  number  of  heat  units  devel- 
oped by  carbon  and  hydrogen  when  combined  with  oxygen,  a 
heat  unit  being  the  quantity  of  heat  required  to  raise  1  lb.  of 

water   1   deg.   F.:  British  Thermal 

Units  Per  Pound. 

Carbon  to  CO2   14,146 

Carbon  to   CO    4,329 

Hydrogen  to   HsO    62,100 

A  judgment  can  be  formed  of  the  condition  of  the  combus- 
tion going  on  in  the  firebox  by  collecting  a  sample  of  the 
product  of  combustion  of  smokebox  gases  and  making  an 
analysis  of  it.  In  such  analysis  the  usual  determinations  are 
carbon  dioxide,  carbon  monoxide  and  oxygen,  no  attempt  being 
made  to  determine  the  amount  of  moisture  in  the  product  of 
combustion.  If  combustion  were  perfect  with  just  suflBclent 
air  going  through  the  grates  to  ca\ise  complete  combustion. 


with  no  excess  of  air  present,  we  would  have  in  the  smokebox 
gases  simply  carbon  dioxide,  nitrogen  and  moisture.  The 
analysis  therefore  would  show  carbon  dioxide,  no  carbon  mon- 
oxide and  no  oxygen. 

COLLECTION    OF    SAMPLE    OF    GAS. 

For  the  purpose  of  collecting  a  sample  of  gas  for  analysis 
we  used  the  arrangement  shown  in  Fig.  3.  The  sampler  con- 
sists of  a  perforated  pipe  extending  a  tew  inches  into  the  stack 
and  has  a  trap  attached  to  it  to  catch  cinders.  The  bottle  in 
which  the  gas  sample  is  to  be  collected  was  filled  with  a  strong 
solution  of  salt  to  start  with  and  this  was  syphoned  out  into 
a  can 'on  the  running  board  as  shown,  the  gas  sample  going 
into  the  bottle  to  take  its  place.  The  sample  of  gas  Is  then 
taken  into  the  test  car  behind  the  engine,  where  it  is  analyzed. 
The  brine  is  syphoned  out  at  such  a  rate  as  to  let  the  gas 
sample  cover  a  period  of  15  minutes'  firing.     The  gas  sample 
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is  also  handled  under  such  precautions  as  to  avoid  its  escape 
or  mixture  with  air. 

METHOD    or    ANALYSIS. 

The  apparatus  used  for  gas  analysis  is  shown  in  Fig.  4, 
which  is  an  Orsat  gas  apparatus,  somewhat  modified  by  and 
obtained   from   Mr.  A.   Bement,  gas  expert,   Chicago. 

Having  obtailied  100  cubic  centimeters  of  the  gas  sample  in 
this  apparatus  the  carbon  dioxide  is  first  absorbed  by  a  solu- 
tion of  potassium  hydrate  and  its  amount  determined  by  re- 
duction in  volume.  The  oxygen  is  then  determined  by  ab- 
sorption in  alkaline  pyrogallic  acid  solution  in  a  similar  man- 
ner and  carbon  monoxide  by  absorption  in  cupric  chloride  so- 
lution. For  further  details  on  method  of  analysis  I  refer  to 
boolis  on  gas  analysis. 

KESULTS    OF   ANALYSIS    FROM    BUKNING    LIGNITE    COAL. 

Perfect  combustion  with  lignite  coal  would  show  about  as 
follows:  CO2,  18  per  cent.;  CO,  0  per  cent.;  O,  0  per  cent  This 
would  be  under  ideal  conditions.  With  bituminous  coal,  very 
good  practical  results  would  be  about  as  follows:  CO2,  12  per 
cent.;  CO,  0  per  cent.;  0,  6.0  per  cent. 

I  give  below  a  table  showing  about  the  average  results  ob- 
tained from  analysis  of  smokebox  gases  by  burning  lignite 
coal: 


CO: 

0 

CO 

11.8 

5.9 

0.3 

12.9 

6.0 

0.3 

11.5 

5.9 

0.4 

14.1 

4.6 

0.7 

12.1 

2.9 

3.7 

13.6 

4.8 

0.0 

12.0 

7.9 

0.0 

13.6 

l.S 

2.9 

13.9 

4.0 

1.2 

13.1 

4.7 

0.4 
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THE  PIECE-WORK  SYSTEM  FROM   A   PIECE-WORKER'S 
STANDPOINT. 


BY   H.    B.    liEPNKK. 


(Copyright,  1!(U3,  by  H.  B.  Kepner.J 


Having  bean  a  piece-worker  and  made  a  practical  study  of 
the  piece-work  system  for  over  five  years,  from  its  very  incep- 
tion almost,  as  applied  to  locomotive  repair  shops  where  at  one 
time  it  was  considered  impracticable  if  not  impossible;  having 
labored  in  every  department  of  machine  shop  work  under  the 
system  during  that  time,  and  having  had  my  attention  called 
to  the  subject  by  articles  appearing  from  time  to  time  in 
various  publications  where  a  great  deal  of  speculative  argu- 
ment is  being  produced  both  for  and  against  the  system,  I  am 
convinced  that  the  amount  of  practical  knowledge  as  to  its 
fairness,  as  well  as  to  the  best  plans  for  its  adoption,  is  very 
limited  and  that  we  are  yet  to  see  it  put  into  a  great  deal 
more  general  practice.  So  1  believe  it  to  be  a  subject  well 
worthy  of  our  most  careful  consideration. 

As  to  the  justice  of  the  piece-work  system  from  the  stand 
point  of  the  employer,  but  little  need  be  said,  for  to  him  it  is 
a  plain  proposition  of  "Paying  for  what  you  get."  However, 
as  win  be  shown  further  on,  much  depends  upon  him  whether 
the  system  proves  a  success  or  a  failure,  or  rather  whether  it 
becomes  popular  or  unpopular  among  his  workmen. 

But,  upon  the  other  hand,  viewing  it  from  the  side  of  labor, 
much  might  be  said  and  much  is  said.  Many  colored  views 
are  taken  and  considerable  difiBculty  arises  in  the  introduction 
of  piece-work.  So  many  biased  opinions  are  expressed  that 
the  uninitiated  are  led  to  fear  its  possibilities  and  to  distrust 
the  fairness  or  the  purpose  of  its  promoters.  But  the  honest, 
intelligent  workman  ever  desires  to  be  reasonable,  and  by  such 
only  can  I  hope  these  remarks  to  be  kindly  considered,  so  I 
would  respect  every  workman  as  belonging  to  this  class  until 
he  should  prove  himself  utterly  impregnable  to  reason.  Such 
a  one  can  only  be  convinced  by  experience. 

Custom  sometimes  becomes  a  law  and  may  control  our  judg- 
ment for  a  time,  whether  wisely  or  not.  Prejudice  may  run 
away  with  our  reason,  but  time  will  bring  us  to  our  senses, 
even  though  it  may  be  after  many  a  wasted  opportunity.  So 
laying  aside  one's  prejudice  and  treating  all  men  as  being  fair 
and  reasonable,  let  us  ask  where  there  is  any  reason  why 
piece-work  should  be  unjust  to  the  workman.  Of  course,  it 
puts  a  premium  upon  skill  and  tends  toward  the  "survival 
of  the  fittest"  in  reference  to  workmanship.  The  best  workman 
may  earn  the  most  money,  but  why  should  he  not? 

Let  us  suppose  that  two  young  men  of  equal  ability  and  like 
prospects  should  start  to  learn  a  trade  and  one  should  dili- 
gently apply  all  his  energy,  studying  at  night,  worlving  every 
hour  he  is  able  and  faithfully  striving  to  become  a  master  of 
his  profession,  while  the  other  is  impatiently  looking  forward 
to  the  day  when  his  term  of  apprenticeship  shall  have  ex- 
pired, seeking  diversion  at  night,  neglecting  his  duty  by  day, 
remaining  oit  duty  upon  the  least  provocation,  as  some  I  have 
seen  do,  seeming  to  think  that  time  is  all  that  is  necessary  to 
serve  in  learning  a  trade  and  forgetting  that  practice  alone 
can  develop  skill.  At  the  expiration  of  their  apprenticeship, 
which  of  these  two  young  men  would  be  the  more  competent 
workman  and  whose  services  would  be  worth  the  more? 
Naturally,  we  would  answer  that  the  faithful  and  most  intelli- 
gent workman  will  accomplish  the  most  and  best  work  in  a 
given  time  and  his  services  be  worth  the  most  money,  not 
alone  for  the  amount  of  work  done  bui  for  the  quality  as  well, 
while  the  other  fellow  you  will  find  to  be  the  one  who  will  do 
the  most  kicking  against  the  piece-work  system. 

There  are,  however,  many  conditions  to  be  considered  in  the 
successful  introduction  and  practice  of  the  piece-worlc  system. 
A  Chicago  paper,  in  commenting  upon  this  subject  recently, 
mentioned  as  an  objectionable  feature,  the  unfair  advantage 
it  gives  to  unscrupulous  and  dishonest  foremen  who  may,  if 
they  choose,  materially  affect  the  pay  of  any  workman  by  the 
assignment  of  work.  Certainly  the  charge  that  any  foreman 
or  minor  ofBcial  does,  through  personal  feeling,  make  such 


use  of  the  authority  vested  In  him  should  be  sufficient  to 
disqualify  him,  but  fortunately  such  cases  are  the  exceptions 
and  not  the  rule.  So  this  objection  should  merely  serve  to 
warn  us  against  such  persons  and  bears  no  weight  whatever 
against  the  system. 

Then,  some  argue  that  it  discriminates  against  the  weak 
and  less  fortunate  workman.  Labor  is  often  spoken  of  as  a 
commodity  as  much  as  the  corn  that  is  sold  by  the  farn-er 
who,  by  the  way,  is  a  piece-worker  in  the  extreme  senot;  of  the 
term,  for  he  must  provide  his  own  tools,  machinery,  material 
and  all  facililii'.s  and  then  sell  his  produce  by  measure;  then 
the  man  who  lives  farthest  from  the  market  or  has  the  lea.st 
facilities  for  delivering  would  require  the  most  time  in  <le- 
livering  a  given  amount  of  corn,  for  instance,  but  would  we  be 
willing  to  pay  for  it  according  to  time  taken  to  deliver  it? 
For  he  surely  would  be  less  fortunate  and  possibly  weaker 
physically  than  another  who  could  have  delivered  the  same  in 
half  the  time.  No,  we  should  prefer  to  pay  for  it  by  the 
bushel.  Why?  Because  it  is  cheaper,  would  you  say?  Not 
necessarily,  but  because  it  is  more  definite.  It  is  a  moie 
business-like  transaction. 

And  it  is  this  characteristic  that  most  strongly  commends 
piece-work.  So,  treating  labor  as  a  commodity,  it  would  furn- 
ish a  similar  example,  and  the  only  problem  would  seem  to  be 
in  estimating  the  proper  price  to  be  paid  for  it.  This  can  be 
accomplished  with  justice  to  both  employer  and  employe,  if 
each  will  be  true  to  himself  and  both  are  honest  with  each 
other  and  will  co-operate  in  the  equitable  adjustment  of  piece- 
work prices.  There  would  be  no  occasion  for  fear  or  distrust 
if  the  workmen  could  be  brought  to  understand  that  the  com- 
panies do  not  desire  to  undervalue  their  services  nor  to  place 
prices  too  low,  but  that  they  do  desire  to  reduce  waste  of  time 
and  energy  by  a  systematic  application  of  skill  and  labor  such 
as  this  system  affords.  For  here  the  company's  interests  be- 
comes the  workman's  interests  and  vice  versa,  and  the  foreman 
experiences  less  anxiety  as  to  how  the  workman  may  be  putting 
in  his  time,  for  he  feels  assured  that  the  men  will  utilize  both 
their  time  and  facilities  to  the  best  possible  advantage. 

In  piece-work  shops,  the  men  are  generally  willing  to  con- 
cede that  the  system  might  be  just,  but  they  offer  no  objections 
upon  other  grounds. 

First,  and  probably  the  most  grievous,  is  that  because  of 
inexperience  or  laclt  of  sufl3cient  data,  prices  are  set  too  low 
and  the  management  may  not  be  willing  enough  to  readjust 
them. 

Second,  the  material  may  vary  in  quality  or  conditions,  so 
that  the  workman  finds  it  impossible  to  duplicate  the  time — 
upon  which  the  price  was  estimated — and  fails  on  an  average 
to  accomplish  the  work  in  the  required  time.  Or  perhaps  the 
amount  of  labor  on  a  certain  job  may  be  increased  by  changes 
in  the  patterns  or  designs,  without  raising  the  price.  All  such 
things  cause  objections  to  arise,  for  which  the  system  is  not  to 
blame,  but  may  be  due  to  local  management  or  conditions  that 
call  for  local  investigation.  In  most  places  you  will  find  the 
management  fair,  with  a  willingness  to  adjust  matters  satis- 
factorilj'  to  all  concerned.  But  these  and  other  common  ob- 
jections should  be  met  fairly  and  the  men  satisfied,  before 
they  will  be  ready  to  acknowledge  the  justice  of  piece-work. 

In  order  to  successfully  install  the  piece-work  system  into  a 
shop  it  is  important  that  the  men  should  co-operate  with  the 
officials,  and  one  of  the  greatest  aids  in  this  direction  is  in  the 
inspector  being  a  man  of  practical  experience  who  is  capable 
of  placing  a  fair  estimate  upon  the  amount  of  labor  and  its 
value,  and  can  win  the  confidence  and  respect  of  the  workmen, 
who  should  rather  regard  him  as  a  mediator  than  a  scaler  of 
prices. 

Some  men  experiment  with  prices  upon  the  theory  that  it  is 
easier  to  raise  a  price  than  to  lower  one.  This  may  be  true  in 
a  sense,  but  the  trouble  is  that  usually  even  the  best  prices 
look  very  small  to  a  day  workman.  So  until  the  system  be- 
comes well  founded  and  the  workmen  learn  what  is  possible, 
and  are  better  able  to  estimate  the  value  of  labor  on  a  job,  I 
believe  It  Is  preferable  to  risk  over-paying  rather  than  to  pay 
too  little,  which  discourages  effort  and  enterprise. 
(To  he  continued.) 


234         AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL 


NEW  SHOPS-GREAT  NORTHERN  RAILWAY.  LEHIGH  VALLEY  LOCOMOTIVE  SHOPS  AT  SAYRE,  PA. 


AT   ST.    PAUL,    MINN. 

The  new  shops  of  the  Great  Northern  Railway  at  Dale  street, 
St.  Paul,  are  progressing,  and  have  reached  a  stage  which 
justifies  the  publication  of  a  ground  plan  of  the  buildings. 
When  the  machinery  is  located  and  the  plant  ready  for  opera- 
tion we  shall  present  a  thorough,  illustrated  description  and 
discussion  of  the  problems  and  their  solution,  with  particular 
reference  to  the  electric  driving,  which  is  not  yet  ready  for 
such  treatment;  and  this  is,  by  the  way,  the  chief  point  of 
interest  of  the  plant.  There  are  no  traveling  cranes,  except 
over  machine  tools,  and  the  buildings  have  wooden  roof- 
trusses,  except  the  power  station,  which  has  a  steel  roof. 

Three  sides  of  the  grounds  are  bounded  by  the  main  tracks 
on  the  north,  Minnehaha  street  on  the  south  and  Dale  street 


At  Sayre,  Pa.,  the  Lehigh  Valley  Railroad  is  preparing  elab- 
orate shop  improvements  for  the  repair  of  locomotives  and 
cars,  both  passenger  and  freight.  About  $1,000,000  will  be 
spent  in  a  year  upon  the  buildings  of  the  locomotive  plant, 
which  will  concentrate  all  of  the  heavy  repairs  at  this  point 
for  about  800  locomotives.  The  equipment  of  the  plant  will 
begin  about  a  year  hence.  The  locomotive  shop  will  be  an 
immense  building,  366  by  749  ft.,  the  blacksmith  shop  103  by 
363  ft.,  the  storehouse  of  the  same  size,  and  the  power  will  be 
supplied  from  a  well-planned  power  plant.  The  locomotive 
shop  has  48  transverse  pits  in  two  sections,  60  by  627  ft.  each, 
with  the  156  by  627-ft.  machine  shop  between  them.  At  the 
end  of  the  building  will  be  the  boiler  shop,  121  by  366  ft.  The 
machine  shop  will  have  two  60-ft.  bays  and  a  central  bay  36  ft. 
wide.    The  latter  will  have  a  gallery  to  provide  for  the  heaters. 


No^e-  Main  Line  Trocfts  Vorfh  of  Shop  Urouoc/s, 


Plartorm  f6  fr/dey 


^ruck  Track 


Minnehaha 

NEW    LOCOMOTIVE    SHOPS,    GREAT    NORTHEEN    EAILWAT.- 


■ST.    PAirL,  WINN. 


on  the  west,  affording  limited  possibilities  of  extension.  The 
location  of  the  power-house  was  made  with  reference  to  thd 
fact  that  alternating  current  will  be  used  throughout  tor  both 
lighting  and  power.  The  locomotive  erecting  and  machine 
shop  is  in  a  building  150  by  600  ft.,  having  three  bays.  In  the 
east  bay  are  25  transverse  pits.  Next  to  these  is  the  heavy 
machinery  bay,  and  along  the  west  side  of  the  building  are  the 
light  machines.  East  of  the  erecting  shop  is  a  50-tt.  transfer 
table  625  ft.  long,  which  includes  a  track  passing  the  north 
end  of  the  locomotive  shop,  and  serves  the  boiler,  tank  and 
blacksmith  shop,  as  well  as  the  storehouse.  The  blacksmith, 
boiler,  tank,  flue  and  truck  shops  are  combined  in  one  building 
235  by  425  ft.,  the  truck  and  flue  shops  being  partitioned  off 
east  of  the  boiler  shop  and  north  of  the  tank  shop.  The  power- 
house is  106  by  llu  ft.,  located  east  of  the  blacksmith  shop. 
North  of  the  blacksmith  shop  is  a  large  storehouse  with  a 
space  of  100  by  360  ft.,  devoted  to  the  store  department,  offices 
40  by  100  ft.  at  the  east  end,  and  two  rooms  for  the  brass 
foundry  and  tin  shop,  each  48  by  50  ft.,  at  the  west  end.  An 
iron  storehouse,  100  by  200  ft.,  lies  east  of  the  storehouse  and 
is  served  by  a  track  running  through  its  center  between  two 
lines  of  roof-columns.  East  of  the  iron  storehouse  are  two 
platforms  60  by  322  ft.  At  the  southwest  corner  of  the  grounds 
is  a  40  by  60-ft.  laboratory  and  a  building  for  wheels. 

We  are  indebted  to  Mr.  R.  D.  Hawkins,  mechanical  engineer 
of  the  road,  for  the  plan. 


toilets,  lavatories  and  lockers,  the  lighter  machinery  being 
placed  under  the  gallery.  Between  each  erecting  shop  and 
the  machine  shop  is  a  "covered  yard"  42  by  627  ft.  for  storage 
of  wheels,  castings  and  materials  of  all  kinds.  This  arrange- 
ment places  all  locomotive  work  except  blacksmithing  in  one 
immense  building,  with  overhead  crane  service  for  all.  The 
erecting  shops  will  have  120-ton  cranes  on  the  upper  level  and 
15-ton  on  the  lower,  the  machine  shop  and  "covered  yard" 
cranes  also  being  15-ton  capacity.  This  will  be  one  of  the 
most  interesting  railroad  shop  plants  in  the  country,  and  the 
present  state  of  the  plans  promises  a  highly  efficient  result. 
The  plans  are  being  prepared  by  Walter  G.  Berg,  chief  en- 
gineer, and  H.  D.  Taylor,  superintendent  of  motive  power. 


JUNE,    1903,    CONVENTIONS. 

The  Master  Mechanics'  convention  will  be  held  at  Saratoga 
June  24  to  26,  and  will  be  followed  by  the  Master  Car  Builders', 
June  29  to  July  1,  with  headquarters  at  the  Grand  Union 
Hotel.  Circulars  giving  information  as  to  hotel  arrangements 
and  railroad  transportation  may  be  had  from  Mr.  J.  Alexander 
Brown,   24  Park  Place,  New  York. 

The  malleable  iron  brake  jaw  and  dead  lever  guide  illus- 
trated in  The  American  ENCiiNEER,  April,  1903,  page  158,  are 
patented  by  the  National  Malleable  Castings  Company.  This 
fact  was  not  stated  in  the  description. 
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VI. 


THE  I'OWER  PLANT. — (Continued  from,  page  ISo.j 

As  stated  in  the  preceding  article  descriptive  of  tlie  steam 
generating  equipment  of  the  Reading  shops  power  plant,  while 
designed  to  supply  electric;  current  for  all  classes  of  service  in 
the  various  departments  of  the  company  located  at  Reading, 
the  plant  was  primarily  intended  to  furnish  the  motive  power 
for  the  machine  tools  in  the  locomotive  machine  shop.  This 
consideration  determined  the  location  of  the  plant,  inasmuch 
as  a  large  proportion  of  the  power  developed  at  the  plant  is 
used  in  the  locomotive  machine  shop. 

it  was  found,  in  the  design  of  the  shop  lay-out.  that  the  cost 
of  the  feeder  cables  for  the  low  voltage  shop-power  distrihu- 
tion  would,  by  locating  the  plant  opposite  the  center  of  power 
consumption,  be  reduced  to  one-fourth  of  that  entailed  by  a 
location  of  the  plant  opposite  one  end  of  the  machine  shop. 


generators,  and  one  compound-steam,  2stage  air  compreesor. 
All  the  engines  are  operating  non-condensing  at  present;  they 
are  so  designed,  that  one  cylinder  may  be  bushed  down  to  per- 
mit operating  condensing  if  found  necessary,  although  the  low 
price  of  coal,  on  account  of  the  proximity  of  the  mines,  will 
undoubtedly  make  condensing  an  unnecessary  elaboration. 

The  three  fiOO-h.  p.  engines  are  of  the  automatic  cut-off  type, 
with  gridiron  valves,  built  by  Mcintosh,  Seymour  &  Co.,  each 
driving  a  400-k.w.  General  Electric  revolving-field  alternator. 
The  300-h.p.  tandem-compound  engine  is  a  Harrisburg  auto- 
matic engine  and  drives  a  200-k.w.  alternator  of  similar  type. 
There  are  also  two  75-h.p.  simple  Harrisburg  engines  at  the 
rear  of  the  main  engines,  each  direct-connected  to  a  50-k.w. 
direct-current  dynamo,  which  furnishes  current  for  exciting 
the  alternators'  fields  and  also  for  lighting  the  power-house. 
The  steam  pressure  used  is  1.50  lbs. 

The  general  arrangement  of  the  various  engines  and  of  the 
air  compressors  (of  which  only  one  unit  has  as  yet  been  in- 
stalled) is  made  clear  in  the  foundation  plan  of  the  engine 
room  of  this  plant  presented  on  page  183  of  the  preceding 
(May,  1903)  issue.  The  specifications  of  the  engines  and 
generators  are  presented  below  in  tabular  form. 

The  engines  driving  the  alternators  are  guaranteed  not  to 


1 ^itt 

THE  50-KW.   GENERAL  ELECTEIC  CO.  EXCITER  UNIT. 

It  was,  at  first,  intended  to  locate  the  plant  at  the  south  end 
of  the  shop  yard,  but  this  was  abandoned  on  account  of  the 
saving  in  copper  in  feeder  cables  with  a  central  location. 

As  may  be  seen  from  the  lay-out  diagram  of  the  Reading 
Shops  buildings,  presented  on  page  10  of  our  January,  1903, 
issue,  the  location  chosen  is  opposite  the  center  line  of  the 
locomotive  machine  and  erecting  shops,  with  110  ft.  to  clear 
between  the  buildings.  The  center  of  the  power  plant  building 
Is  276  ft.  from  the  center  of  the  machine  shop.  The  feeder 
cables  are  carried  into  the  shop  by  a  spacious  wiring  tunnel. 

All  the  distribution  wires  leading  to  the  locomotive-shop 
buildings  are  carried  in  underground  tunnels  or  conduits,  so  as 
to  present  no  obstructions  and  to  be  entirely  protected.  The 
wires  for  the  distribution  to  the  car  shops,  depot  buildings, 
etc.,  are  run  on  overhead  pole  lines  at  the  higher  voltage,  the 
longest  transtnission  being  9,000  ft. 

The  power  generating  equipment  in  the  engine  room  consists 
of  one  300-h.  p.  tandem  and  three  600-h.  p.  cross  compound 
engines,    all    direct-connected    to    2-phase,    alternating-current 
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vary  in  the  angular  velocity  of  their  rotational  motion  more 
than  2  degrees  per  cycle  of  the  current  wave;  this  is  neces- 
sary in  order  to  avoid  the  irregularities  in  the  alternating  cur- 
rent wave,  so  detrimental  to  parallel  operation.  The 
foundations  for  the  engines,  generators,  etc.,  are  of  slag  con- 
crete of  very  substantial  shapes  and  rest  upon  bed  rock.  A 
free  space  is  left  in  the  engine  room  basement  around  the 
foundations  which  provides  for  the  steam  piping,  both  high- 
pressure  and  exhaust,  and  the  auxiliaries,  such  as  the  boiler- 
feed  pumps,  etc.  This  not  only  frees  the  engine  room  floor 
from  all  obstructions,  but  permits  free  crane  movements  and 
adds  a  very  neat  appearance. 

Live  steam  is  taken  for  the  engines  from  the  lower  16-in. 
steam  header  in  the  boiler  room,  passing  Through  steam  sep- 
arator-receivers near  each  cylinder,  each  being  located  as 
close  to  the  throttle  as  possible.  This,  together  with  the  ad- 
mirable arrangement  of  steam  headers  and  piping,  practically 
precludes  the  possibility  of  water  entering  the  engines.  The 
exhaust  from  the  engines  is  all  piped  to  a  16  and  20-in.  exhaust 
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Builder  of  Engine. 

Mcintosh.  Seymour  &  Co.,  Auburn, 
N.    Y 

Harrisburg  Foundry  and  Machine 
Worlis,  Harrisburg,  Pa 

Harrisburg  Foundry  and  Machine 
Works.  Harrisburg,   Pa 

InRersoII-Sergeant  Drill  Company, 
New  York    


Type. 

f  Cross- 
1  Compound 
/  Tandem- 
)  Corapnund 
/  Simple- 
\  Automatic 


CrosS' 
Compound 


Size. 

Rev. 
per 
.Min, 

600  h.p. 

150 

300  h,p. 

200 

75  h,p. 

285 

900 

280  h.p. 

80 

Sizes  of 
Cylinders. 
19  and  32 
X  30  ins. 
16  and  28 
X  20  ins. 
10%  X 
10  fns. 


16  and  25 
X  36  ins. 


Direct -connected 
to  generators . . 

Direct -connected 
to    generator.  . 

Direct-connected 
to  exciters.  .  .  . 

Rotary  converter? 

Driving    air-com- 
pressor     


Builder. 

Qen.  Elec,   Co., 
Schenectady.  N.  Y 


Ingersoll-Sergeant 
Drill    Company 


Type. 

■.  Altemating- 
V     current. 
2-phase. 

I     Direct- 
current. 
[  multipolar. 

Two-stage, 
with  inter- 
cooler  receiver 


Size. 

1 
400  kw. 

200  kw. 

50  kw. 

150  kw. 

1.500  cu.  ft 
per  min. 
free  air 


Voltage. 


480 


125 

250-125 


Pressure 
=  125  lbs. 
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header  in  the  boiler  room  Ijasement,  wliicli  ileliverH  it  cither 
through  a  24-in.  pipe  to  the  atmosphere  or  through  a  20iji. 
steam  heating  main  to  the  shop  buildings.  Connections  are  so 
made  that  either  all  or  part  of  the  exhaust  may  go  to  the 
heating  system,  the  atmospheric  connection  being  automati- 
cally controlled  by  a  backpressure  relief  valve.  The  exhaust 
passes  through  a  2,000-h.  p.  capacity  Cochrane  "open"  feed- 
water  heater  and  purifier. 

The  main  alternators  are  of  the  stationary  ainialnre  type, 
wound  to  deliver  two-phase  alternating  current  at  (!0  cycles,  and 
are  specially  arranged  for  parallel  operation.  The  engine  speed 
of  all  four  units  may  be  adjusted   from   the  switchboard   for 


nil,      IjO-ii.W.      U(IT.\RY     CO.WEHTORS      Sl.TI'I'LTI.\(i     THE     CKA.NL     .V.M) 
OTHER    DIRECT-CURRENT     MOTORS. 

synchronizing  through  the  agency  of  a  small  series  motor 
mounted  upon  each  engine's  governor,  which  changes  the 
tension  of  the  governor  spring  through  worm  gearing.  In 
this  way  the  alternators'  fields  may  be  brought  up  into  syn- 
chronism by  one  person  at  the  switchboard,  thus  eliminating 
the  necessity   of  another   man   adjusting  the  throttle. 

The  windings  on  each  machine  for  the  two  different  phases 
are  inter-connected  out  of  balance  for  the  purpose  of  furnisn- 
Ing  a  range  of  different  voltages  between  the  four  wires  of 
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the  two-phase  distribution  system.  This  is  done  for  the 
purpose  of  enabling  the  induction  motors  in  the  shops  to  be 
started  without  the  starting  compensators  or  auto-starters 
that  would  otherwise  be  necessary.  The  arrangement  of  inter- 
connecting between  the  two  windings  is  shown  diagrammat- 
ically  above,  and  the  various  voltages  obtainable  are  indicated. 
The  lower  diagram  shows  the  connections  that  are  made  be- 
tween a  motor  and  the  current  supp'y  when  starting  the 
motor. 

After  the  motor  is  brought  up  to  speed  the  connections  are 
changed  to  the  normal  running  arrangement  (1  to  1,  2  to  2, 


etc.),  by  means  of  a  four-polo  double-throw  knife  switch 
whiih  permits  either  arrangement.  Each  switch,  which  is 
thus  used  for  starting,  is  plainly  labeled  for  the  startiny  and 
lunniiig  position,  the  special  connections  shown  above  being, 
of  course,  the  starting  position.  No  difhculty  is  experienced 
in  starting  motors  under  full  load  by  this  system'  up  to 
40  h.p.,  and  all  the  complication  and  extra  cost  of  the  com- 
pensators is  avoided.  The  operation  in  multiple  of  the  gener- 
ators is  not  affected  by  this  simple  arrangement  of  iuter- 
conne(-ting  the  phase  windings,  which  also  entailed  no  extra 
flrst  cost  in  the  generators. 

Two  150-k.w.  rotary  convertors  are  provided  for  furnishing 
direct  current  for  the  crane  motors  and  the  variable  speed 
motors  used  upon  machine  tools.  The  two  machines  run  in 
parallel  on  the  direct-current  end,  delivering  250  volts,  and 
havo  an  eiiualizer  connection  to  the  secondaries  of  the  pair  or 
wlatic  90-k.w.  transformers  supplying  the  alternating  current 
•side,  by  means  of  which  is  formed  a  three-wire  system  giving 
!:;.">    anil    2.')0    volts.      The    sketch    bolow    shows    the    arrange- 
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ment  of  connections  for  tliis  service;  the  neutral  wire  of  the 
three-wire  direct-current  system  leads  directly  from  the  neutral 
points  of  the  secondary  windings  of  the  pair  of  transformers. 
The  motor  ends  of  the  converters  are  governed  liy  induction 
regulators,  by  which  the  speed  may  be  raised  or  lowered  5  per 
cent,  from  normal.  The  direct  current  ends  are  compound- 
wound,  having  equalizer  connections,  and  maintain  the  voltage 
constant  within  5  per  cent,  from  no  load  to  full  load. 

Two  independent  switchboards  are  provided,  one  termed 
switchboard  A  and  the  other  switchboard  B,  as  indicated  on 
the  floor-plan  drawing,  page  183  of  our  Jlay,  1903,  issue. 
Switchboard  A  controls  all  circuits  leadng  outside  of  the 
locomotive  shop  yard  so  as  to  embrace  overhead  line  distri- 
bution (transmissions  to  the  car  shops,  depots,  pumping  sta- 
tion at  North  Reading,  etc.),  while  B  controls  all  the  under- 
ground shop  distribution  circuits.  The  importance  of  this 
arrangement  lies  in  the  fact  that  all  circuits  exposed  to  the 
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effects  of  electric  storms  are  grouped  on  board  A,  where  suf- 
ficient lightning-arrester  protection  i&  provided.  The  shop 
and  underground  distribution  circuits,  which  are  not  exposed 


SWITCIIJtOAKl)     (A),    CONTKOI-I.IN'C    ALL    OUTSIDE    CIRCUITS.    AM)    THE 
SERIES    TRANSFORMERS    FOR    THE    ARC-LHiHT    CIRCUITS. 

to  lightning,  are  all  controlled  from  board  B.  The  switch- 
boards, illustrated  on  pages  236  and  238.  are  both  very  at- 
tractive  marble  boards,  erected   upon   metal  framework,   and 


were  also  furnished  by  the  General  Electric  Company.  They 
are  located  8  ft.  from  the  wall  and  there  are  18-in.  openings 
through  the  floor  behind  to  accommodate  the  feeder  cables 
from  the  engines  and  to  the  tunnel,  tJ.ll  of  which  are  carried 
in  the  basement.  All  the  alternating-current  circuits  are  con- 
trolled by  oil  switches. 

Behind  board  A  are  located  six  of  the  new  type  of  Gen- 
eral Electric  series  transformers  delivering  constant-current 
at  6.6  amperes,  for  the  series-alternating  arc  light  circuits. 
Each  transformer  has  a  capacity  of  50  arc  lights,  operated 
in  two  circuits  of  25  each,  and  is  insulated  with  oil.  The 
total  capacity  of  the  transformers,  300  lights,  will  be  distrib- 
uted for  lighting  the  yards  of  the  entire  properties  of  the 
company   at   Reading. 

The  distribution  circuits  are  all  led  out  from  the  switch- 
boards underground  through  lead-covered  cables,  either  to 
the  shops  or  to  the  outlet  to  the  overhead  lines.  An  impor- 
tant feature  of  the  distribution  system  is  that,  wherever 
located  throughout  the  shops,  all  low-voltage  wires  are  carried 
upon  porcelain  and  the  high-voltage  wires  upon  glass  insula- 
tors well  up  out  of  the  way.  This  informs  the  workman  at  a 
glance  which  wires  are  to  be  avoided  for  safety. 
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A   TKAcnVE   POWER   CHART. — BY    L.    L.    BENTLEY. 
Note. — The   dotted    Hues   show    the    method    applied    to   the    2-8-0    C    R.    I.    &    P.    locomotive    (American    Engineer,    March,    1903,    page 
106).     Cylinders  22  by  30  ins.,  driviug  wheels  63  ins.,  steam  pressure  200  lbs. 
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CHART    FOR    TRACTIVE   POWER  OF    LOCOMOTIVES. 


AMERICAN    ENGINEER    TESTS. 


Locomotive  Dbajt  Applia.nxes. 


While  the  general  principle  on  whicli  this  diagram  is  con- 
structed is  not  new,  its  convenience  is  such  that  it  is  hoped 
it  may  be  of  interest.  In  order  that  it  may  be  reproduced  a 
description  of  the  construction  is  given. 

Taking  the  usual  formula  for  the  tractive  power  of  a  simple 
engine 

pd^s 

T.P.  — 

D 
where  T.P.  =  tractive  power 

p  =  mean     effective    pressure  =  a    constant  X  boiler 

pressure, 
d  =  diameter  of  cylinder  in  inches, 
s  =:  stroke  in  inches, 

D^  diameter  of  driving  wheels  in  inches, 
we  can  write  it  in  the  form  of  a  proportion 

T.P.       a=  s  ^ 

P  D 

which  can  be  expressed  graphically  by  the  sides  of  two  similar 
triangles,  as  in  figure. 
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(Continued  from  page  lii'ij 


The  quantity,  d=  s,  can  evidently  be  expressed  graphically 
by  a  straight  line  if  we  take  s  as  the  variable.  Beginning  at 
t..e  lett  side  of  the  diagram,  the  stroke  (between  the  ordinary 
limits  of  24  and  34  ins.)  was  laid  off  as  abscissae  and  ordinates 
erected  the  full  height  of  the  diagram.     Tie  units  are: 

d=  s    r  =  5,000  cu.  in. 

Tractive  power    1"  ^  5,000  lbs. 

Mean  effective  pressure 1"  =      20  lbs. 

Wheel   diameter    1 '  ^      20  in. 

The  value  of  d-  s  were  laid  off  on  ordinate  24  to  scale,  and 
the  same  for  ordinate  36,  the  corresponding  points  being  joined 
by  the  inclined  lines,  the  intersections  with  the  stroke  verti- 
cals giving  the  intermediate  values  of  d-  s.  The  tractive  power 
scale  was  next  laid  off  at  the  right  and  the  driving  wheel 
scale  at  the  top.  The  fourth  quantity,  or  mean  effective  press- 
ure, was  then  found,  the  others  having  been  assumed  arbi- 
trarily. This  is  done  by  substituting  in  the  equation  of  the 
tractive  power  the  values  of  1  in.  of  scale.  This  coincides  with 
that  of  the  wheel  diameter  and  is  extended  sufficiently  to  cover 
tne  necessary  range. 

The  diagram  is  now  complete  with  the  origin  in  the  lower 
right-hand  corner.  A  thread  attached  at  this  point  can  be 
conveniently  manipulated  with  the  left  hand  and  the  course 
of  the  diagonal  line  traced  without  the  necessity  of  drawing  a 
line  on  the  diagram. 

To  use  the  diagram  find  the  diameter  of  the  engine  cylinder 
at  the  left,  proceed  along  the  inclined  line  to  the  intersection 
of  the  stroke  vertical,  thence  along  the  horizontal  to  the  inter- 
section with  the  vertical  representing  the  wheel  diameter. 
Through  this  intersection  draw  a  line  to  the  origin  and  pro- 
long it  to  intersect  with  the  vertical  representing  the  mean 
effective  pressure.  The  tractive  power  is  then  read  on  the 
scale  at  the  right. 

For  four-cylinder  compound  engines  find  the  tractive  power 
for  the  high-pressure  cylinders  and  low-pressure  cylinders 
separately  from  the  diagram  in  the  same  manner  as  for  sim- 
ple engines.  The  sum  of  these  results  gives  the  total  tractive 
power. 

For  two-cylinder  compounds  proceed  as  for  four-cylinder 
engines  and  divide  the  result  by  two. 


[Editok's  Notk. — The  conclusions  reached  by  Professor  Goss 
are  advanced  out  of  the  regular  order  for  the  purpo.se  of  bring- 
ing his  summary  before  our  readers  at  the  time  of  the  Master 
Mechanics'  Association  convention.  A  statement  of  the  status 
of  the  tests  will  he  loiind  on  the  editorial  pages  of  this  issue.] 


SECTION  VII. 

A    SU.M.MAKY    OK    .'lESlLTH. 

48.     The  more  Important  conclusions  to  be  drawn  from  the 
results  of  the  tests  may  be  briefly  stated  as  follows: 

1.  All  portions  of  the  smoke-box  which  are  in  front 
of  the  diaphragm  have  substantially  the  same  pressure; 
and,  consequently,  a  draft-gauge  attached  at  any  point 
may  be  depended  upon  to  give  a  true  reading  (Arti- 
cle 15). 

2.  The  resistance  which  is  offered  to  the  forward 
movement  of  the  air  and  gases  between  the  ash-pan 
and  the  stack,  may  be  divided  approximately  into  three 
equal  parts  which  are,  first,  the  grate  and  the  coal 
upon  the  same;  second,  the  tubes;  and,  third,  the  dia- 
phragm. It  is  significant  that  the  diaphragm  is  as 
much  of  an  impediment  to  draft  as  the  fire  upon  the 
grate   (Article  16). 

3.  The  form  and  proportions  of  the  stack  for  beat 
results  are  not  required  to  be  changed  when  the  oper- 
ating conditions  of  the  engine  are  changed.  That  is,  a 
stack  which  is  suitable  for  one  speed  is  good  for  all 
speeds,  and  a  stack  that  is  suitable  for  one 
cut-off  is  good  for  all  cut-offs.  In  future  experi- 
ments of  draft  appliances,  therefore,  results  obtained 
from  a  single  speed  and  a  single  cut-off  should  be 
deemed  satisfactory   (Article  38). 

4.  Other  things  remaining  unchanged,  the  draft 
varies  with  the  weight  of  steam  exhausted  per  unit  of 
time;  if  the  number  of  pounds  of  steam  exhausted  per 
minute  is  doubled,  the  draft,  as  measured  in  inches  of 
water,  is  doubled;  if  it  is  halved,  the  draft  value  is 
halved    (Article  45). 

5.  As  regards  the  form  of  outside  stacks,  either 
straight  or  tapered  may  be  used.  From  a  designer's 
point  of  view,  the  tapered  is  the  more  flexible;  that 
is,  with  the  tapered  stack,  the  draft  is  less  affected  by 
slight  departures  from  standard  dimensions.  Incidental 
reasons,  therefore,  make  the  tapered  form  preferable. 
For  best  results,  the  diameter  of  a  given  straight  stack 
should  be  greater  than  the  least  diameter  of  a  tapered 
stack  for  the  same  conditions. 

The  term  "tapered  stacK"  used  in  this  and  other 
paragraphs  signifies  a  stack  having  its  least  diameter 
or  "choke"  16^2  ins.  from  the  bottom,  and  a  diameter 
above  this  point  which  increases  at  the  rate  of  2  Ins. 
for  each  foot  in  length    (Article  44). 

6.  In  the  case  of  outside  stacks,  either  straight  or 
tapered  in  form,  the  height  is  an  important  element. 
In  general,  the  higher  the  stack,  the  better  will  be  the 
draft    (Article  43). 

7.  The  diameter  of  any  stack  designed  for  best  re- 
sults is  affected  by  the  height  of  the  exhaust  nozzle. 
As  the  nozzle  is  raised  the  diameter  of  the  stack  must 
be  reduced,  and  as  the  nozzle  is  lowered  the  diameter 
stack  must  be  increased    (Article  41). 

8.  The  diameter  of  a  straight  stack  designed  for 
best  results  is  affected  by  the  h?ight  of  the  stack.  As 
the  stack  height  is  increased,  the  diameter  also  must 
be  increased   (Article  40). 
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y.  The  diameter  of  a  tapered  stack  designed  for 
best  results,  as  measured  at  the  choke,  is  not  required 
to  be  changed  when  the  stack  height  is  changed  (Arti- 
cle 40). 

10.  The  precise  relation  between  the  diameter  of 
front  end,  and  the  diameter  and  height  of  stack  for 
best  results,  is  expressed  by  equations  (Article  42) 
as  follows: 

FOR    STRAIGHT    STACKS. 

When  the  exhaust  nozzle  is  below  the  center  line  of 
the  boiler, 

d=  (.246  +  .00123  H)D  +  .19  h 
When  the  exhaust  nozzle  is  above  the  center  line  of 
the  boiler, 

d=  (.246  +  .00123  H)D  — .19  h 
When  the  exhaust  nozzle  is  on  the  center  line  h   is 
equal  to  zero  and  the  last  term  disappears,  and  there 
remains. 


d 


(.246  +  .00123  H)  D 


FOB   TAPERED    STACKS. 

When  the  nozzle  is  below  the  center  line  of  the  boiler, 

d  =  .25D  +  .16h 
When    the    nozzle    is    above    the    center    line    of    th« 
boiler, 

d  =  .25D  — .16h 
When  the  nozzle  is  on  the  center  line  of  the  boiler, 
h  becomes  zero,  and 

d  =  .25D 
In   all   of  these   equations,   d   is  the  diameter  of  the 
stack   in    inches.     For   tapered    stacks,   it    is   the    least 
diameter  or  diameter  of  "choke."     H   is  the  height  of 
stack    in    inches    and    for    maximum    efficiency    should 
always   be   given   as   large   a   value    as   conditions    will 
admit.      D    is   the    diameter    of   the   front    end    of   the 
boiler    in    inches,   and   h    the    distance   between    center 
line  of  boiler  and  the  top  of  the  exhaust  tip. 
Section  VIII. 
49.     Prol>le7ns   for  Further  Study. — The   Chicago   &   North- 
western experiments   (Master  Mechanics'  Association  Proceed- 
ings, 1896)    settled  all  questions  relative  to  the  form  of  the 
exhaust  pipe  and  tip,  and  the  American  I^ngineer  Tests,  as 
described   in   this   report,   are   equally   conclusive   concerning 
the  proportions  of  an  outside  stack  when  used  in  combination 
with   nozzles   of   different   heights.     When,   therefore,   design- 
ers  are  content  to   employ   plain   forms   of  construction,   the 
whole  problem  of  front-end  design  may  be  considered  solved. 
But  conditions  have  of  late  arisen  which  enforce  the  use  of 
stacks  so  short  that  the  best  proportions  which  can  be  given 
them    do   not   yield   satisfactory   results.     As   a   consequence, 
practice  now  tends  along  new  lines  for  which  there  is  littla 
data  that  can  be  of  service  to  the  designer.     That  this   de- 
ficiency  may   be   supplied,    it   is   necessary   that   the   plan   of 
tests  already  followed  be  extended  to  include  other  forms  of 
mechanism.     This    is   the    more   desirable    since   the    results 
desired  are  not  likely  to  be  forthcoming  from  the  road  but, 
on  the  contrary,  can  best  be  obtained   from  the   laboratory. 
The  fact,  also,  that  a  large  amount  of  data  which  will  serve 
as  a  base  line  from  which  efficiencies  of  other  apparatus  may 
be   measured,    has   already   been    collected    from    the    Purdue 
locomotive,   and   the   fact,   also,   that   the   work   already   done 
suggests   the   elimination    of   certain    variables   and    a   corre- 
sponding  reduction   in   the  number   of  observations   hitherto 
considered  necessary,  all  suggest  the  desirability  of  continu- 
ing the  investigation  along  the  general  lines  of  the  American 
Engineer  Tests.     If  this   should   be   agreed   upon,   the   work 
should,  in  the  opinion  of  the  undersigned,  be  made  to  include 
the  following  subjects: 

a.  Inside  Stacks,  by  which  is  meant  a  stack  of  usual  form, 
but  which  instead  of  being  entirely  above  the  smoke-box  ex- 
tends downward  into  the  smoke-box  as  well  as  out  through 
its  top.  Where  conditions  are  such  that  the  portion  of  the 
stack  extending  outside  of  the  smoke-box  is  necessarily  short, 
this  arrangement  is  much   used.     The   American   Enqineeb 


TeBts  have  already  included  some  observations  on  a  straight 
Inside  stack  of  a  single  diameter,  but  the  results  obtained 
are  not  sufficient  to  serve  as  a  basis  for  general  conclusions. 
That  the  required  data  may  be  obtained,  it  will  be  necessary 
to  employ  stacks  of  at  least  three  different  diameters,  and 
each  diameter  should  have  three  different  degrees  of  penetra- 
tion into  the  smoke-box.  Some  additional  work,  also,  may 
need  to  be  done  to  determine  the  best  form  of  the  lower  por- 
tions of  the  stack.  It  will  be  sufficient  to  employ  the  tapered 
form  of  stack  only,  and  to  have  the  outside  length  of  stack 
constant. 

The  application  of  these  stacks  of  different  sizes  will  in- 
volve some  cutting  of  the  smoke-box,  and  the  change  from 
one  stack  to  another  may  make  the  progress  of  the  work 
slow,  and  consequently,  somewhat  expensive,  but  the  results 
will  be  worth  the  pains  for  there  is  no  other  way  by  which 
the  desired  information  may  be  obtained. 

b.  Draft  Pipes  in  Gonnectio7i  with  Outside  Stacks. — It  has 
been  suggested  that  a  draft  pipe,  or  a  combination  of  draft 
pipes,  may  be  accepted  as  a  complete  substitute  for  an  inside 
stack,  and  many  roads  are  using  them,  apparently  with  good 
results.  The  experiments  should  deal  first  with  a  single 
draft  pipe  which  should  be  varied  in  diameter  and  vertical 
position  until  the  best  diameter  and  position  can  be  definitely 
chosen.  After  this,  the  process  should  be  repeated  in  con- 
nection with  a  double  draft  pipe.  A  comparison  of  results 
thus  obtained,  with  those  obtained  from  the  outside  stack 
without  draft  pipes,  should  disclose  the  value  of  the  draft 
pipes,  and  similarly  a  comparison  of  results  obtained  with 
those  given  by  the  inside  stack  should  show  whether  the 
draft  pipes  are  to  be  preferred  to  the  inside  stacks. 

c.  False  Tops  Within  the  SmokC'Box. — A  nurnber  of  rail- 
roads are  now  following  the  practice  of  blanking  off  the  upper 
part  of  the  smoke-box  in  such  a  manner  that  a  stack  of  ordi- 
nary form  may  start  from  a  point  which  is  lower  than  the 
top  of  the  boiler.  The  arguments  in  favor  of  such  an  arrange- 
ment are  to  be  found  in  the  fact  that  while  the  stack  has  the 
character  of  an  outside  stack,  it  can  be  made  of  greater  length 
than  would  otherwise  be  possible.  Whether  there  is  any  loss 
of  efficiency  resulting  from  the  reduced  height  of  the  smoke- 
box,  and,  if  so,  whether  it  equals  or  exceeds  the  gain  result- 
ing from  the  increased  length  of  the  stack,  are  important 
questions.  To  settle  this,  false  tops  of  at  least  three  differ- 
ent forms  should  be  experimented  with,  in  combination  with 
stacks  suitable  for  each  form.  A  comparison  of  results  with 
those  obtained  under  the  provisions  of  preceding  paragraphs 
would  show  to  what  extent,  if  any,  such  an  arrangement  is 
superior  to  others  which  are  more  common. 

d.  Diaphragm.  As  is  well  known,  the  diaphragm  is  not 
common  in  foreign  practice,  while  in  American  practice  its 
presence  greatly  impedes  the  forward  movement  of  the  gases. 
For  this  reason  it  would  be  well  if  it  could  be  wholly  omitted. 
It  remains,  however,  to  be  determined  whether  there  is  any 
combination  of  nozzle  and  stack  which  in  Its  absence  will 
give  satisfactory  draft  and  at  the  same  time  draw  equally 
on  all  tubes.  The  undersigned  is  not  prepared  to  outline  in 
detail  a  series  of  tests  which  will  settle  this  question,  but 
he  believes  it  to  be  of  importance,  and  that  the  means  to  be 
employed  will  be  apparent  as  the  work  outlined  in  the  pre- 
vious paragraphs  proceeds. 

With  full  information  concerning  the  relative  value  of  the 
inside  stack,  draft  pipes,  the  false  top  and  the  diaphragm, 
and  with  data  which  will  permit  any  of  these  to  be  at  once 
so  designed  as  to  give  maximum  efficiency,  the  problem  of 
the  front  end,  so  far  as  it  can  be  seen  at  present,  is  solved. 
While  work  of  this  character  can  be  started  and  advanced 
slowly  at  small  cost,  it  would  be  well  if  it  could  be  vigorously 
pushed.  To  do  this  it  will  be  desirable  to  have  both  the 
laboratory  and  the  computing  room  manned  at  the  same  time, 
and  to  have  assigned  to  the  work  an  expert  of  sufficient  abil- 
ity and  leisure  to  insure  the  prompt  handling  of  all  experi- 
mental results.  Money  will  also  be  needed  to  supply  and 
attach  the  special  equipment  and  to  defray  the  usual  run- 
ning expenses  of  the  laboratory.    While,  therefore,  much  might 
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be  done  at  small  oost  if  plenty  of  time  were  available,  the 
best  policy  requiies  that  there  be  available  a  sum  of  from 
five  to  seven  thousand  dollars,  at  least  four  thousand  being 
available  for  the  first  year's  work.  Upon  this  liasis  the  re- 
maining problems  of  the  front  end  could  soon  be  definitely 
solved. 

Editohs'  No'n:. — Thi'  ((inclusion  of  the  report  and  the  Inter- 
veninR  iiortion  of  the  record  will  lie  printed  In  a  subsequent 
issue. 

(To  he  continued.) 

CORRESPONDENCE 


A    DEFENSE    OF    PISTON    VALVES. 


'  Topoija,  Kansas. 

To  the  Editors : 

I  have  been  intending  to  write  you  ever  since  I  read  the  paper 
by  Mr.  Gaines  about  piston  valves  at  the  meeting  of  the  New  York 
Railro.ad  Club,  February  20.  I  think  the  position  Mr.  Gaines  takes 
is  entirely  untenable,  as  the  simplicity  of  the  piston  valve  as  com- 
pared with  the  complicated  method  of  balancing  slide  valves,  as  re- 
ferred to  in  his  paper,  would  certainly  entitle  it  to  a  great  deal  of 
respect,  and  particularly  wheu  we  consider  that  the  machine  work 
on  a  piston  valve  needs  to  be  anything  but  high  grade,  whereas  the 
balanced  valve  requires  very  careful  work  and  some  parts  are  ex- 
tremely diflicult  to  make.  I  have  always  felt  that  the  piston  valve 
was  easier  on  the  link  motion,  and  particularly  when  carefully 
designed. 

We  know  that  the  piston  valve  can  be  readily  handled  with  one 
hand  in  large  engines,  and  this  has  been  a  great  surprise  to  engi- 
neers when  using  these  engines  for  the  first  time.  Ihere  are  several 
arrangements  for  overcoming  water  in  cylinders,  and  the  one  used 
by  the  American  L(x:omotive  Company  Is.  I  believe,  giving  excellent 
results. 

In  regard  to  the  wear  of  piston  valves  and  slide  valves,  I  must 
say  that  my  experience  has  showu  that  piston  valves  wear  ven' 
much  better  than  slide  valves.  1  have  seen  cases  where  slide  valves  of 
the  balanced  type  had  to  be  removed  and  the  valve  seats  refaced 
"once  or.  twice  a  week  when  in  fast  p.i.ssenger  service. 

I  believe  that  the  piston  valve  is  the  best  valve  known  at  the 
present  time  for  distributing  steam  in  locomotives,  and  the  large 
number  of  engines  with  this  type  of  valve  now  being  built  by  the 


American  liocomotive  f!ompany  and  other  builders  shows  that  It 
is  held  in  high  e.stepm.  Another  feature  is  that  if  the  piston  valve 
is  properly  designed  to  admit  steam  on  the  Inside  that  there  are 
practically  no  opportunities  for  leaks  around  the  front  end  due 
to  the  valve  construction,  as  only  the  stufllng  box  will  be  exposed 
to  steam,  and  that  to  exhaust  steam,  and  by  arranging  the  by-pa.ss 
valves  as  is  now  done  by  the  American  Locomotive  Ojmnany  and 
by  dispensing  with  the  steam  chest  and  other  parts  which  are  likely 
to  leak,  we  have  very  much  less  chance  for  leaking  steam  at  the 
front  end  to  interfere  with  the  view  of  the  engineer. 

It  is  doubtful  whether  it  is  desirable  to  get  the  clearance  down 
to  such  an  amount  as  is  mentioned,  as  the  compression  will  be 
entirely  too  greiit  if  the  cle;iriince  be  made  too  small.  In  some 
tests  made  by  the  Chicago,  Hurlington  &.  Quincy  several  years  ago 
it  was  shown  th.it  there  was  about  as  much  difference  of  triction 
between  the  ordinary  balanced  valve  and  a  piston  valve  as  there 
was  between  an  unbalanced  valve  and  the  balanced  slide  valve,  and 
I  hope  you  will  put  in  evidence  some  information  that  will  hrjip 
forestall  the  discredit  whi<'h  has  apparently  been  put  upon  the  pis- 
ton valve  at  this  meeting.     Yours  truly, 

G.  R.  Henderson, 
Supt.  Motive  Power, 
Atchison,  Topeka  &  Santa  Fe  R.v. 


THE    SPECIAL    APPRENTICE. 


To  the  Editors  : 

Having  noticed  your  editorial  on  page  140  of  your  April  number, 
I  beg  to  make  a  few  comments  upon  the  subject. 

In  the  first  place,  if  you  or  anyone  else  will  explain  in  a  satisfac- 
tory manner  why  a  special  apprentice  in  railroad  shops  should 
hold  his  position  and  work  toward  that  of  superintendent  of  motive 
power  on  any  road,  you  will  find  five  better  reasons  why  he  should 
get  out  of  his  job  just  as  quickly  as  he  knows  how. 

In  my  own  case,  having  had  seven  years  in  universities  and  tech- 
nical schools  of  the  higher  rank,  and  after  working  for  two  cor- 
porations doing  research  work  and  designing,  I  have  given  engineer- 
ing lines  the  "go-by"  and  am  now  taking  up  the  line  of  machinery 
salesman.  What  is  more,  I  did  not  leave  research  work  because  of 
any  failures  in  that  or  in  designing. 

Incidentally,  it  may  be  said  that  special  apprentice  jobs  were 
looked  upon  at  school  as  a  last-chance  affair,  as  they  never  carry 
a  living  salary.  The  time  is  passing  when  young  college-educated 
engineers  can  be  kicked  around  like  yellow  dogs  at  half  the  wages 
of  a  dago  helper.  F.  H.  Lacy. 

San  Francisco,  Cal. 


GROUP   DRIVING   OF   MACHINE    TOOLS. 


BY   J.   C.    STEBN. 


Group  driving  may  be  considered  from  two  points  of  view, 
one  being  the  rearranging  of  an  old  plant,  the  other  being  the 
installation  of  a  new  plant.  While  it  may  be  conceded  that  the 
individual  method  of  driving  is  the  preferable  one,  and  usually 
the  method  to  be  desired,  yet  thei-e  are  many  cases  where  it 
cannot  be  adopted  for  various  reasons,  such  as  the  greater 
cost  of  the  large  number  of  comparatively  small  motors  and 
accompanying  controllers,  switches,  circuit-breakers,  wiring, 
etc.  Especially  is  this  the  case  when  motors  must  be  at- 
tached to  old  tools,  as  usually  the  design  of  existing  old  ma- 
chine tools  is  such  as  to  render  the  attachment  of  motors 
somewhat   difficult  without   making  the  affair  look  patchy. 

Again,  the  time  required  to  make  the  necessary  changes 
upon  existing  machines  for  individual  driving  may  be  a  factor 
determining  upon  a  group  drive.  The  necessary  time  of 
draughtsmen,  patternmakers  and  machinists  cannot  be  spared, 
for  they  are  usually  busy  with  other  lines  of  work. 

Most  of  the  reasons  that  determine  for  group  driving  apply 
equally  to  a  new  plant  or  to  rearranging  an  old  one,  as  in  the 
case  of  a  new  plant  usually  many  of  the  old  machines  are 
brought  forward  and  continued  in  use.  In  either  case  it  will 
usually  be  found  advantageous  to  arrange  the  machines  into  a 
large  number  of  comparatively  small  groups  rather  than  a  few 
larger  ones.  By  this  plan  the  tools  or  machines  for  certain 
classes  of  work  can  be  placed  in  the  most  convenient  position 


with  reference  to  the  general  shop  arrangements  without  giv- 
ing any  attention  to  a  primary  or  main  driving  line  shaft. 
The  method  of  driving  all  machines  from  one  common  line 
shaft  is  responsible  for  many  badly  arranged  machine  shops. 

Anyone  who  has  ever  had  to  lay  out  a  machine  shop  under 
the  old  method  and  afterward  had  to  do  the  same  work  under 
the  grouping  system  will  appreciate  the  advantages  of  the 
latter.  With  a  new  plant  one  usually  has  opportunity  for 
obtaining  a  better  arrangement  of  machines  or  tools  than  when 
rearranging  an  old  one.  One  thing  should  be  kept  in  view,  as 
it  deserves  more  consideration  than  is  usually  given;  that  is, 
to  make  proper  allowance  in  space  for  future  additions  of 
machines  as  far  as  possible.  Without  proper  provision  in 
space  allowance  for  changes,  that  which  may  be  in  the  begin- 
ning a  good  arrangement  will  be  a  bad  one  when  additions 
become  necessary. 

The  experience  gained  in  equipping  thus  a  certain  new  shop 
recently  built  may  be  of  interest.  The  question  of  power 
naturally  came  to  the  front.  Of  course,  an  engine  is  used  as 
the  prime  source  of  power,  and  a  generator  was  to  be  placed 
for  lighting  and  testing  purposes. 

The  question  then  came  up  as  to  how  best  to  drive  the  small- 
tool  department.  The  shop  in  question  is  of  the  three-bay 
type.  One  side  bay  contains  the  large  planers,  boring  ma- 
chines, radial  drills,  etc.,  all  of  which  machines  are  driven 
from  the  main  engine^driven  line  shaft.  The  center  bay  is 
used  for  erecting  purposes,  being  covered  by  traveling  cranes. 
The  small-tool  department  is  located  in  the  third  bay. 

When  locating  the  tools  in  the  latter  department  they  were 
so  placed  that  in  the  process  of  manufacture  all  parts  worked 
upon  could  be  carried  from  the  material  storeroom  through 
the  various  machine  operations  and  returned  to  the  finished 
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stock  storeroom  with  a  minimum  amount  of  handling.  For 
this  department  the  use  of  two  lines  of  shafting  was  deemed 
advisable.  To  drive  these  two  lines  from  the  main  line  shaft 
on  the  opposite  side  of  the  shop  would  require  a  rope  or  belt 
drive  across  the  end  of  the  building  to  avoid  interference  with 
the  traveling  cranes,  but  the  natural  objections  to  long  belts 
or  ropes,  with  their  attendant  idlers,  carriers,  take-ups,  etc., 
led  to  the  decision  to  use  electric  motors  for  driving,  one  for 
each  line  shaft,  in  the  small  tool  department. 

To  determine  the  power  required  at  each  line  shaft,  each 
machine  was  carefully  considered  with  relation  to  the  work 
done  upon  it.  No  fixed  formula  or  rule  for  required  power 
was  followed  throughout,  but  each  machine  was  considered 
separately  and  a  power  value  was  assigned  which  was  con- 
sidered as  the  maximum  amount  to  be  needed  under  average 
conditions.  The  table  given  below  presents  a  list  of  the 
various  machines,  together  with  the  amount  of  estimated 
power  required  for  each  one.  One  line  shaft,  which  we  may 
call  A,  is  130  ft.  long  and  has  19  tools  connected,  while  the 
other,  to  be  called  B,  is  100  ft.  long  and  drives  12  tools. 

TOOL    LIST. 


o  d 

u  a 

as 
1^ 


Line    Shaft    A. 


Type    of    Tool. 


Line  Shaft  B. 


w 


o  o 
ad 


Type    of   Tool. 


30-inv  gear   cutter l^i 

No.    3  plain   milling  ma- 
chines,   total     3 

No.     2     Universal     mill- 
ing  machine    l^t 

28-iu.     upright    drill...  2 

24-in.     upright    drill.  .  .  2 

Sensitive    drill    % 

No.    2    Universal    grind- 
er      41/0 

Jones   &   Lamson    lathe.  2 

15-in.     lathe     1 

16-in.    lathes     2 

14-in.    lathe    1 

19-in.    lathes,    total.  ...  3 

24-in.    shaper     2 

22-in.    planer    3 

Cutter   grinder    1 

Twist     drill     grinder.  .  .  1 


Cj   •-'  p. 

S  £  « 

•lis 

3  No.   4  plain  milling  ma- 
chines,  total    6 

1   20-in.     lever    drill 1 

1  20-in.    chuclsing   lathe.  .    2 

1  Jones  &   Lamson    lathe.    2 

2  25-in.    lathes,    total....    4 

1   18-in.    lathe    1% 

1  16-in.   shaper   1% 

1   Cut-off  saw    1 

1   Centering    machine    ...      Mi 

12         Total     20 


19 


Total     31 


These  figures  having  been  estimated  as  the  maximum  re- 
quired, it  was  roughly  assumed  that  at  no  time  would  more 
than  half  the  maximum  estimated  power  be  required  for  the 
tools  at  once,  and  in  case  that  this  maximum  should  be  ex- 
ceeded, it  would  be  tor  a  short  time  only,  so  that  the  motors 
could  readily  take  care  of  the  excess  load. 

For  line  shaft  A  a  new  15-h.p.  motor  was  installed;  this 
motor  has  a  capacity  of  15  h.p.  at  750  rev.  per  min.  For  driv- 
ing line  shaft  B,  a  machine  which  had  been  in  use  for  several 
years  as  a  generator  was  changed  over  to  a  10-h.p.  motor  by 
altering  the  connections;  it  was  speeded  at  800  rev.  per  min. 
The  speed  of  the  line  shafts  is  each  160  rev.  per  min. 

To  avoid  using  belts,  and  to  effect  a  compact  arrangement, 
the  motors  were  mounted  upon  a  platform  suspended  from  the 
overhead  timbers,  so  as  to  come  just  below  the  line  shafts,  as 
shown  in  the  cross-section  of  the  side  bay.  The  motors  were 
connected  to  the  shafts  by  Renold  chains,  being  set  as  close  to 
the  line  shafts  as  convenient.  The  switches  and  starting  boxes 
were  arranged  upon  opposite  sides  of  a  convenient  column 
within  easy  reach  of  the  floor,  as  shown. 

It  was  found  that  the  10-h.p.  machine  would  not  run  as  fast 
when  operated  as  a  motor  as  its  rated  speed  for  use  as  a 
generator,  but  this  was  remedied  by  putting  a  small  rheostat 
in  the  shunt  field  circuit. 

So  far  the  arrangement  has  proved  quite  satisfactory.  Fre- 
quent observations  of  the  current  demanded  by  the  motors 
by  ammeter  readings  show  that  the  power  required  for  both 
lines  varies  from  15  h.p.  to  22  h.p.  (29  per  cent,  to  43  per  cent, 
of  the  estimated  maximum).  It  has  shown  as  high  as  25  h.p. 
(49  per  cent.),  but  for  a  few  moments  only. 

As  an  Illustration  of  the  capacity  of  a  motor  for  taking  care 
of  an  overload,  it  may  be  mentioned  that  owing  to  a  slight 
accident  the  15-h.p.  motor  was  at  one  time  disabled  for  about 
one  day.    When  the  accident  occurred  split  pulleys  of  equal 


diameters   were   obtained,   and  both   lines   were  thus   coupled 
together  and  driven  from  the  10-h.p.  motor.      During  the  day 
the  load  averaged  18  to  20  h.p.,  sometimes  going  as  high  as 
22   h.p.     The   motor   carried   the   load   all   right,   although    it, 
warmed  up  considerably  while  doing  it. 

This  arrangement  has  some  advantages.  In  case  more  ma- 
chines are  added  and  the  motors  become  overloaded,  it  will  be 
an   easy  matter   to   substitute  a  larger   motor   for  the   15-h.p. 


Chaiu  Sprucket   Wheal 


ChiiiD  Sprocket  Wheel 


Cross  Section  of  Side  Bay,  ghowing  Platform  for 
Support  of  Motoi-s 


Switch  aud 
Slarlio^  Box 
fur  Motor 


m 


UHIVING    ARRANGEMENT  FOR  THE   GROUP   LINE   SHAFTS. 

and  the  15-h.p.  for  the  10-h.p.,  and  use  the  10-h.p.  elsewhere. 
Or  another  method  can  be  adopted:  that  is,  to  cut  the  line 
shafts  up  into  two  parts  each  and  attach  two  more  motors, 
thus  having  four  group  units  instead  of  two.  It  has  already 
been  demonstrated  in  this  installation  that  the  advantage  of 
being  able  to  stop  one  group  temporarily  without  interfering 
with  the  machines  in  the  other  group  is  one  of  no  small 
importance. 


-he  American  Blower  Company  of  Detroit,  Mich.,  reports 
business  excellent  in  all  of  its  lines.  Among  the  larger  orders 
recently  received  they  mention  heating  and  induced  draft  ap- 
paratus for  the  Ironton  (O.)  Engine  Co.;  drying  outfits  for  the 
Illinois  Sugar  Refining  Co.,  to  be  installed  at  Pekin,  111.,  and 
the  Michigan  Starch  Co.,  to  be  used  in  their  Traverse  City 
plant;  dry  kilns  for  the  Mengel  Box  Co.  of  Louisville,  Ky., 
Brooklyn  Cooperage  Co.  of  New  York,  Buckstege  Furnituri- 
Co.,  Bvansville,  Ind.,  Evansville  (Ind.)  Desk  Co.,  Cadillac 
Cabinet  Co.,  Detroit,  and  many  others. 


The  Chicago,  Burlington  &  Quincy  Railroad  has  specified  the 
Soule  rawhide-lined  dust  guard  for  1,000  cars  which  are  being 
built  by  the  Cambria  Steel  Company. 


The  1.000  fiat-bottom  gondola  cars  with  twin  hoppers  which 
the  Chesapeake  &  Ohio  Railway  Company  is  having  constructed 
at  the  McKees  Rocks  Works  of  the  Pressed  Steel  Car  Company, 
Pittsburg,  are  to  be  equipped  with  C.  &  0.  standard  arch  bar 
trucks,  pressed  steel  bolsters  and  brake-beams,  manufactured 
by  the  Pressed  Steel  Car  Company;  Miner  draft  gear  on  800 
of  the  cars  and  Sterlingworth  draft  gear  on  200,  Chicago  fric- 
tionless  side  bearings,  and  Westinghouse  air-brakes. 


"Resorts  and  Tours,  1903,"  is  the  title  of  the  valuable  little 
brochure  published  by  the  Boston  &  Maine  Railroad  passenger 
department,  Boston.  It  contains  a  list  of  the  resorts  and 
hotels  reached  by  the  Boston  &  Maine  Railroad  and  its  connec- 
tions, giving  additional  information  in  regard  to  the  hotel 
rates  and  accommodations,  and  the  round-trip  summer  excur- 
sion rates  from  Boston.  Worcester  and  Springfield,  Mass.  The 
book  is  free  and  will  be  mailed  upon  receipt  of  add-ess. 


The  rail  and  equipment  department  of  the  Walter  A.  £e\- 
nicker  Supply  Company  is  represented  by  Mr.  H.  L.  Scham- 
berg  with  headquarters,  for  the  present,  at  the  Auditorium 
Hotel  Annex,  Chicago. 


June,  1903. 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL  243 


LINK-SLOTS 


AND    PIN-HOLES 
KNUCKLES. 


IN    M.    C.    B. 


BY   GOIJl'ilKY    W.    ItirODIOS. 


Assistant  Geniouai,  Sui'ehintkndknt,   H.  &  M,   R.  R.  R. 


Has  not  the  time  (■onic  when  the  Master  Car  UiiUders'  Asso- 
ciation ought  to  mal(e  a  vigorous  move  toward  iloing,  away 
with  (lie  linli  and  pin  slot  and  opening  that  now  generally 
prevails  in  the  M.  C.  B.  knutlvles? 

The  link  and  pin  slot  in  the  knuckle  was  one  of  the  most 
serious  weaknesses  that  confronted  mechr.nical  men  in  the 
introduction  of  the  vertical  plane  coupler.  Many  will  rec- 
ollect the  tirade  that  was  made  by  the  late  A.  M.  Wellington 
in  the  Railroad  Gazi'ttc  in  1S87  or  1888.  He  had  visited  the 
shops  of  the  Chicago,  Burlington  &  Quincy  Railway  Company 
at  Aurora,  111.,  where  a  collection  of  all  the  broken  vertical 
plane  couplers  that  were  then  being  introduced,  were  kept. 
His  emphatic'  summary  was  that  the  record  was  an  "appalling 


ir  h 

• 

1 

. ,. 

BROKEN    KNUCKLES    DUE    TO    LINK    SLOTS    AND    PIN    HOLES. 

one."  Members  of  the  association  will  well  recollect  that  one 
of  the  most  frequent  causes  of  breakages  were  the  top  and 
bottom  knuckle  lugs.  Efforts  were  made  to  strengthen  these 
parts,  not  only  with  as  much  material  as  the  adopted  contour 
lines  of  the  coupler  would  allow,  but  also  in  improving  the 
material.  Careful  records  were  kept  for  a  time.  The  break- 
ages, however,  still  continued,  although,  perhaps  in  a  less 
serious  way,  but  the  friends  of  the  coupler  all  hoped  for  the 
day  when  the  abandonment  of  links  and  pins  from  freight 
train  service  would  make  this  weakness  in  the  knuckles  no 
longer  necessary,  as  when  links  and  pins  are  no  longer  used 
there  will  no  longer  be  any  necessity  for  dividing  the  top 
and  bottom  lugs  of  the  knuckle  by  the  link-slot,  nor  for  coring 
out  the  hole  of  the  knuckle  for  the  pin. 

The  law  requiring  railroads  to  use  automatic  couplers  was 
to  have  been  put  into  effect  January  1,  1898.  This  time  was 
subsequently  extended  two  years.  Since  January  1.  1900.  it 
has  been  unlawful  to  use  link  and  pin  couplers  in  our  trains. 
Notwithstanding  the  above  facts,  the  railroads  in  this  country 
are  still  using  a  divided  knuckle,  not  only  in  freight  train 
service,  but  actually  in  passenger  train  service.  Has  the 'time 
not  come  when  we  can  safely  make  a  move  to  do  away  with 
the  old-time  custom  of  link-slots  in  the  knuckles  and  pin- 
holes through  the  knuckle?  By  doing  this  we  will  very  ma- 
terially increase,  not  only  the  surface  wearing  part  of  the 


knuckle,  but  also  practically  do  away  with  broken  lugH.  While 
we  do  not  hear  as  much  about  broken  lugs  as  we  did  when  the 
vertical  plane  coupler  wag  first  Introduced,  we  have  reason  to 
believe  that  an  investigation  of  the  subject  on  any  of  the 
railroads  in  this  country  will  show  that  they  are  still  o<:curring 
with  entirely  too  great  frequency.  In  order  to  verify  this  the 
other  day  we  went  into  the  Lincoln,  Neb.,  yards  of  the  Bur- 
lington &  Missouri  River  Railroad  and  looked  up  an  accumu- 
lation of  broken  knuckles  that  had  been  turned  in  as  scrap. 
The  foreman  in  charge  advised  us  that  he  had  shipped  away 
all  his  broken  knuckles  six  weeks  ago.  We  nevertheless  went 
over  the  accumulation  since  that  time  and  actually  picked  out 
43  broken  lugs.  Attached  you  will  find  a  photograph  rep- 
resenting the  lugs  referred   to. 

There  is  nothing  more  serious  or  disastrous  on  a  railroad 
than  a  break-in-two  with  a  freight  train.  Kvery  railroad  has 
had  experiences  in  this  line  that  are  more  or  less  distressing, 
through  the  loss  of  life  and  damage  to  equipment  and  rail- 
road property.  Doubtless  this  photographic  exhibition  of  43 
broken  lugs  represents  break-in-twos  that  have  been  more  or 
less  disastrous.  With  a  matter  so  easily  remedied,  ought  we 
not  to  get  right  after  it?  By  referring  to  the  picture  one 
knuckle  will  be  observed  intact  for  the  purpose  of  illustrating 
the  top  and  bottom  lug.  As  a  matter  of  fact  even  in  this 
knuckle,  the  lugs  had  been  broken  and  crushed  out  through 
the  pin-hole,  thereby  further  illustrating  how  this  now  un- 
necessary pin-hole  weakens  the  knuckle  lugs.  Here  is  an 
economy  that  it  seems  to  us  all  railroads  should  get  after  at 
once.  Some  already  are  taking  steps  in  the  matter,  but  there 
is  nothing  that  will  make  it  become  general  so  quickly  as  a 
live  discussion  on  the  subject  by  the  Master  Car  Builders  at 
their  annual  convention. 


An  important  point  upon  machine  tools  is  the  method  of 
changing  feeds.  The  old  way  of  doing  this,  by  altering  the 
change  wheels  at  the  end  of  the  lathe,  is  much  too  slow.  We 
cannot  spare  the  time  in  these  days  for  the  workman  to  pull 
out  a  roll  of  paper  and  figure  out  the  necessary  change  wheels 
required  to  alter  the  rate  of  cutting  by  1-16  in. — if  the  man  is 
on  day  work  his  thoughts  are  ;-ather  apt  to  wander  off.  and  if 
on  piece  work  his  appreciation  of  the  tool  maker  is  likely  to  be 
unfavorable.  All  changes  of  feed  should  be  done  by  means  of 
gears  which  can  be  altered  by  the  simple  movement  of  a  lever. 
It  may  be  thought  that  these  points  are  embodied  in  all  mod- 
ern lathes;  however,  this  is  not  so,  as  only  recently  lathes 
have  been  purchased  from  first-class  makers  that  not  only 
require  the  gearing  to  be  changed  to  alter  the  rate  of  feed, 
but  also  necessitate  a  clumsy  alteration  of  change  wheels 
merely  to  change  the  direction  of  the  feed. 


"My  experience  with  the  gearing  on  most  lathes  is  that  the 
difference  is  much  too  great  between  the  last  single  speed  and 
the  first  geared  speed.  As  an  example,  the  speed  on  the 
slowest  single  speed  is  80,  and  the  quickest,  with  the  back 
gear  in,  is  30.  Now,  this  difference  is  much  too  great.  I  am 
aware  that  a  few  makers  now  manufacture  lathes  with  an 
Intermediate  gear,  but  the  practice  is  not  common  by  any 
means.  In  my  opinion  you  cannot  have  too  many  changes  of 
speed,  so  long  as  they  can  be  altered  quickly. 

"This  point,  moreover,  calls  attention  to  the  method  of 
changing  the  gear.  Take  such  a  simple  circumstance  as  put- 
ting in  the  back  gear.  Why  is  it  that  one  lathe  has  the  eccen- 
tric movement  and  another  the  plain  spindle  which  requires 
to  be  pushed  in  and  pulled  out?  I  know  the  arguments 
brought  forward  by  the  makers  of  the  latter  arrangement, 
viz.,  that  it  is  the  best  for  the  gearing,  but  is  this  not  again 
the  old  question  of  the  life  of  the  tool  versus  its  efficiencyf 
One  objection  that  I  have  to  the  plain  spindle  is  that  the  shaft 
carrying  the  back  gear  protrudes  through  the  headstock  and 
necessitates  that  the  face  plate  should  be  carried  further  away 
from  the  headstock.  The  eccentric  is  by  far  the  quickest  to 
operate,  and  if  well  made  is.  in  my  opinion,  quite  equal  to  tie 
other." — A  Large  User  of  Machine  Tools. 
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MOTOR    DRIVEN    MACHINE   TOOLS. 


Examples    of    Individual   Drives    Aitlied   to    Boring    Mills. 


An  important  feature  of  the  development  of  railroad  macliine 
shop  practice  is  the  greatly  increasing  use  of  the  boring  mill. 
The  large  number  of  machining  operations  in  railroad  repair 
work  that  can  be  handled  on  the  boring  mill  to  far  better  ad- 
vantage than  upon  the  lathe  is  the  factor  that  has  been  effective 
in  bringing  it  into  very  extensive  use  in  railroad  shops.  In 
the  locomotive  machine  shop  alone   of  the  CoUinwood  shops 


* 

CHAIN    DRIVE    I'l'ON     A    41-l.N.    llOIUNi;     MII.I.. UAITSH     .MACHINE    TOOL 

COMPANY. 
FIKLD  CONTROL  VARIABLE-SPEED   MOTOR. — GENERAL  ELECTRIC   CO. 


five  boring  mills  have  been  installed,  of  the  following  sizes: 
two  84-in.,  one  54-in.  and  two  37-in.,  all  of  which  are  equipped 
for  individual   driving  by  electric  motors. 

Accompanying  this  development  has  arisen  the  question  as 
to  the  best  method  of  driving.  In  all  applications  to  railroad 
machine  shop  work  they  have  been  installed  in  sizes  suffi- 
ciently large  to  warrant  the  application  of  individual  motor 
drives.  Also  the  individual  drive  furnishing  variable  speeds 
is  particularly  applicable  to  the  boring  mill  on  account  of  the 
widely  varying  classes  of  work  to  which  it  is  adapted.  The 
result  is  that  a  large  number  of  excellent  and  very  interesting 
motor  drives  have  been  installed  upon  tools  of  this  type,  with 
very  satisfactory  results.  Below  are  presented  some  repre- 
sentative examples  of  such  motor  drives  whi<'h  will  indicate 
the  trend  of  progress  in  this  direction. 

The  two  engravings  at  the  left  illustrate  an  excellent 
arrangement  of  mounting  a  motor  upon  a  boring  mill.  The 
machine  shown  is  the  41-in.  boring  mill  built  by  the  Baush 
Machine  Tool  Company.  Springfield.  Mass.,  and  is  equipped 
with  a  4-h.p.  motor.  The  motor  is  mounted  upon  a  neat 
bracket  bolted  in  between  the  uprights  of  the  machine's  frame. 


REAB  VIEW  or  THE  41-IN.  BAUSH  BORING    MILL,   SHOWING  ARRANGE- 
MENT OF  BRACKET  BETWEEN  FRAMES  FOB  SUPPOETTNO  MOTOE. 


COMBINATION     CHAIN     AND     COUNTERSHAFT    DRIVE     UPON     A     37-IN. 

BORING    MILL. — BULLARD    MACHINE    TOOL    COMPANY. 

CONSTANT-SPEED    GENERAL    ELECTRIC    MOTOR. 

at  the  rear,  just  above  the  main  driving  shaft.  The  drive  is 
through  a  l->4-in.  Renold  "silent"  chain,  delivering  direct  from 
the  motor  shaft  to  the  driving  shaft,  and  running  at  a  velocity 
of  from  600  to  1,200  ft.  per  minute.  The  speed  reduction  at  the 
chain  is  very  low,  the  driving  sprocket  having  23  teeth  and  the 
driven  30  teeth.  The  speed  reduction  is  obtained  by  gearing 
between  the  driving  shaft  and  the  spindle. 

The  motor  is  a  4-h.p.  direct-current  machine  of  the  C-E 
type,  made  by  the  General  Electric  Company,  Schenectady, 
N.  Y.,  and  has  a  100-per  cent,  range  (400  to  800  rev.  per  min.) 
by  field  regulation.  Its  rating  of  4  h.p.  is  taken  at  its  lowest 
speed — 400  rev.  per  min.  This  speed  range  of  2  to  1  is 
quadrupled  by  two  properly  proportioned  back-gear  attach- 
ments arranged  ai  the  spindle  as  shown  in  the  rear  view  at 
the  left.     The  back-gear  attachment  is  conveniently  handled 
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tiEAKEU  DKIVE   UPON  AN   84-IN.   BORING   MILL,    BUILT    FOB    THE    PENKSLVANI 

THE    BB;TTS    machine    COMPANY. 
10-H.P.    INDUCTION    MOTOB    (CONSTANT   SPEED). — WESTINGIIOUSE   ELECTRIC 

TUBING   COMPANY. 


RAILROAD    BY 


AND    MANUFAC- 


GEARED    DBIVE    UPON    A    51-IN.    BOBINO    MILL. NILES    TOOL    WORKS. 

MULTIPLE-VOLTAGE    MOTOE. — ^BULLOCK    ELECTBIO    AND     MANUFACTDBING    COMPANY 


by  a  lever  which  operates  a  clutch  to  (;onnect  the  drive  direct 
or  lo  throw  it  ihroiigh  the  gearing.  ThuH  a  speed  range  of 
S  to  1  is  most  easily  oljtainabie  in  small  increments,  in  a 
manner  most  advantageous  for  the  service.  A  power  attach- 
ment for  raising  and  lowering  the  cross-rail  is  also  included, 
the  drive  being  oblained  by  belling  from  the  driving  shaft  to 
the  pulley  on  top  of  the  machine;  in  this  way  the  cr^ss-rail 
may  be  raised  while  the  face-plate  is  at  rest.  Positive-drive 
geared  feeds  are  also  used  upon  this  tool,  the  drive  tor  which 
is  taken  direct  from  the  spindle  by  spiral  gearing. 

On  page  244  is  illustrated  one  of  the  most  recent  arrange- 
ments for  motor  driving,  which  has  been  devised  by  the  Dul- 
lard Machine  Tool  Company,  Bridgeport.  Conn.  The  ntachine 
here  shown  is  the  .37-in.  Bullard  boring  mill,  of  the  same  type 
that  was  inslalled  al  the  Collinwood  shops,  as  illustrated  and 
described  on  page  190  of  our  May  (190.'?)  issue.  In  this  case 
the  tool  is  arranged  for  mounting  the  motor  self-contained  at 
the  back,  a  convenient  bracket  being  bolted  between  the  up- 
rights of  the  frame.  The  drive  is  in  this  case  also  through  a 
"silent"  chain  from  the  motor  pinion 

direct  to  the  countershaft,  mounted 

at  the  top  of  the  uprights.    An  idler 
p\illey  is  provided  to  maintain   the 
I)roper  tension  in  the  chain,  which 
Is  not  operated  at  a  very  high  speed. 
The  motor  used  for  this  drive  is  a 
General  Electric  motor  having  a  100- 
per  cent,  speed  range  by  field  con- 
trol.     This    is   supplemented    by    a 
range  of  five  different  speeds,  avail- 
able from  the  cone  pulleys  and  belt 
drive  from  the  countershaft  to  the 
main  drive  shaft,  and  two  additional 
speeds   from   the   back-gear   attach- 
ment on  the  spindle.    This  makes  a 
very  complete  range  of  ten  different 
speeds  available,  exclusive  of  those 
obtainable   from   the   motor;     thus, 
with    the    motor's    range,    a    speed 
range  is  available  sufficient  to  meet  the  requirements  of  all 
classes  of  machining  operations.     The  cross-rail  on   this  ma- 
chine is  also  raised  and  lowered  by  power,  and  positive-drive 
geared  feeds  are  provided. 

The  engraving  above  represents  an  individually-driven 
boring  mill  which  embraces  the  very  latest  idea  in  motor 
driving.  The  tool  shown  Is  the  7-ft.  improved  worm-driven 
boring  and  turning  mill  built  by  the  Betts  Machine  Company, 
Wilmington,  Del  .  one  of  which  was  recently  furnished  by 
them,  thus  equipped  for  motor  driving,  to  the  shops  of  the 
Northern  Central  Railway  at  Mount  Vernon,  Baltimore,  Md. 
The  motor  and  the  gearing  for  the  drive  are  mounted  upon  a 
separate  base-plate,  which  is  bolted  to  the  right-hand  side  of 
the  machine's  frame:  in  this  way  the  gear-changes  are  con- 
venient to  the  operator. 

The  motor  used  for  this  drive  is  a  10-h.p.  Westinghouse  in- 
■  iiiition  motor,  operating  at  a  constant  speed.  The  range  of 
speed-changes  which  are  so  nec- 
essary for  a  tool  of  this  type  are 
obtained  by  means  of  a  series  of 
trains  of  gearing  through  which  the 
motor  drives  the  spindle  of  the  ma- 
chine. 

This  gearing  arrangemen,t 
consists  of  two  gear-cones  of  four 
gears  each  mounted  side  by  side, 
one  of  which  cones  is  driven  by  the 
motor  and  the  other  is  connected  to 
the  driving  spindle  of  the  tool.  The 
two  gear-cones  are  not  in  mesh  with 
each  other,  being  mounted  perma- 
nently separated  just  out  of  mesh. 
Connection  is  made  for  driving 
across     any     particular     step     of 
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the  cones  by  means  of  the  pinion  shown  mounted  upon  the  mov- 
able lever  above  the  gearing;  this  lever  is  capable  of  motion 
in  two  different  directions  by  means  of  the  rocker  shaft  sup- 
port at  the  rear,  and  may  be  held  in  mesh  at  any  point  by  the 
clamp  upon  the  support  at  the  front.  In  driving  the  pinion 
is  merely  lowered  in  between  the  two  gears  of  the  step  desired. 
This  is  undoubtedly  the  newest  gearing  arrangement  for 
motor  driving  that  has  been  developed.  It  provides  four  dif- 
ferent speeds,  which,  together  with  the  four  additional  speed 
combinations  available  from  the  back-gearing,  makes  a  total 
of   16   different  speeds  easily   obtainable  for   the   main    drive. 


and  convenience  of  the  variable-speed  method  of  driving  are 
made  especially  apparent  from  this  illustration. 

The  engraving  immediately  below  illustrates  a  motor-driven 
boring  mill  at  the  works  of  the  Bullock  Electric  Manufacturing 
Company,  at  Cincinnati.     The  tool  is  a  large  Niles  boring  mill 


(iEAKHU    MOTOR    DRIVE    Ul'ON    A    LAllGE    NILES    BORING    MILL    AT    THE 
WORKS    OF    THE    BULLOCK    ELECTRIC    AND    MANUFACTUKING    CO. 


BELTED    DRIVE    UPON    A    54-IN.    CAR-WHEEL    BORING     MILL. — WILI.IAM 

SELLERS    &    CO. 

VARIABLE-SPEED  GENERAL   ELECTRIC    MOTOR. 

This   is   indeed   a   valuable   arrangement  for   driving  from   a 
constant-speed  motor  where  a  variable-speed  motor  cannot  be 
used.     The  Betts  Company  do  not,  however,  advocate  the  use 
of  a  constant-speed  motor  where  it  can  be  avoided,  preferring 
a  variable-speed  motor  with  a  speed 
range  of  about  4  to  1  and  operated 
by  a  controller,  so  as  to  avoid  the 
necessity     of     making     the     gear 
changes.    The  latter  method  of  driv- 
ing by  variable-speed  motors  is,  of 
course,  proving  in  practice  to  be  far 
more  convenient. 

The  engraving  on  page  245  is  an 
illustration  of  a  variable-speed  motor 
drive  applied  to  a  51-in.  boring  mill 
built  by  the  Niles  Tool  Works  Com- 
pany. The  motor  used  in  this  case 
Is  a  T'/i-h.p.  multiple-voltage  system 
motor,  supplied  by  the  Bullock  Elec- 
tric Manufacturing  Company,  Cin- 
cinnati, Ohio,  and  has  a  wide  speed 
range  in  itself.  It  is  mounted  upon 
a  separate  sub-base  bolted  to  the 
rear  of  the  machine's  frame,  from 
which  position  it  drives  the  main 
spindle  direct  through  a  gear  reduc- 
tion. The  speed  range  available  from  the  motor  is  doubled 
by  a  back-gear  at  the  spindle  drive,  so  that  a  very  large 
range  of  speeds  is  possible  for  the  drive.     The  compactness 


OEARKD    DRIVE    UPON    A    45-IN.    CAR-WHEEL    BORING    MILL. BEMENT,    MILES    &    CO. 

VAHI ABLE-SPEED    MOTOR   BY    FIELD    CONTROL. WESTINGHOUSE     ELECTRIC   AND    MUNUFACTURING 

COMPANY. 


and  is  driven  by  a  10-h.p.  variable-speed  motor  operated  upon 
the  Bullock  multiple-voltage  system.  It  drives  through  a  gear 
reduction   and  the  usual   back-gearing  direct  to  the   spindle 
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drive,  tliiis  furnishiiiK  a  wirtn  range  of  speeds.  The  controlkl- 
for  operating  the  motor  i.s  conveniently  located  on  the  ba.se  of 
the  maehine,  near  the  operator's  feet.     • 

On  the  opposite  page  is  shown  an  inleiesting  motor 
drive  upon  a  54-in.  car-wheel  boring  niill  built  by  William 
Sellers  &  ®o.,  Philadelphia,  Pa.  The  motor  is  a  T'/^-h.p. 
variable-speed  motor  made  by  the  General  Electric  Company. 
The  method  of  mounting  the  motor  is  of  especial  interest  in 
this  case.  It  is  carried  by  a  bracket  built  up  entirely  of  angles 
and  channels,  as  is  clearly  shown  iij  tba  engraving.  The  motor 
rests  upon  a  bed  of  boiler  plate,  which  is  stiffened  by  channels 
beneath.  This  bed  is  mounted  between  angles  bolted  upon  the 
upper  side  of  the  brackets,  and  is  provided  with  an  adjusting 
nut  for  raising  it  to  tighten  the  belt  by  which  the  motor 
drives  the  machine.  This  makes  a  very  strong  and  stiff,  yet 
light  and  easily  applied,  construction  for  a  motor  support. 

The  remaining  engraving  opposite  is  an  illustration  of 
a  motor  drive  as  applied  to  a  45-in.  Bement,  Miles  &  Co. 
car-wheel  boring  mill.  The  motor  driving  this  tool  is  a  10-h.p. 
Westinghouse  variable-speed  motor,  which  is  connected  direct- 
ly to  the  drivingshaft  by  a  single  large  gearing  reduction.  A 
sufficiently  wide  range  of  speeds  is  available  from  the  motor 
by  field-resistance  control  to  obviate  the  necessity  of  a  back- 
gear  attachment.  The  rheostat  for  the  field  control,  as  well  as 
the  main  switch  and  starting  box  for  the  motor,  are  conven- 
iently mounted  at  the  side  of  the  machine.  The  spindle  feed 
anil  the  wheel  hoist  are  both  operated  by  belt  connection  from 
the  driving  shaft.  i 


The  New  York,  New  Haven  &  Hartford  Railroad  has  under 
contemplation  a  considerable  extension  of  its  high-speed  elec- 
tric equipment.  Preparations  are  being  made  for  the  enlarge- 
ment of  its  power  house  at  Berlin,  Conn.,  from  which  it  is  ex- 
pected to  operate  its  city  street  railroads  in  Meriden,  7  miles 
distant.  It  is  probable  that  the  successful  third-rail  service 
running  out  of  Hartford  to  the  West  will  be  duplicated  toward 
the  East  upon  existing  steam-operateil  branchea,  and  also  a 
rumor  has  gained  current  that  the  Harlem  River  branch  run- 
ning into  New  York  City  may  be  equipped  for  high-speed  elec- 
tric service  for  competition  with  the  Portchester  road  now 
being  built. 


Our  adherence  to  the  tall  chimney  of  our  ancestors  is  worthy 
of  a  strict  Confucian.  A  fan  driven  by  a  steam  engine  at  6 
per  cent,  efficiency  is  still  far  more  efficient  than  a  chimney 
as  a  draft  producer,  provided  other  uses  may  be  found  for  the 
heat  contained  in  the  gases.  This  excess  heat  may  be  greatly 
reduced  by  a  radical  change  in  the  design  of  our  boilers,  while 
a  further  use  for  it  may  be  found  in  heating  air  or  water  for 
warming  buildings,  or  heating  air  lor  combustion.— E.  S.  Far- 
well,  in  Enfiineeriiifi  Magazine. 


"Cross-ties  now  cost  more  than  twice  the  expense  for  rails.' 
— P.  H.  Dudley,  in  The  Railway  Age. 


LOCOMOTIVE  TIRES,  ALLOWANCE  FOR  WEAR. 


In  order  to  ascertain  the  practice  of  some  of  the  leading 
railroads  with  reference  to  allowances  for  tire  wear  in  pre- 
paring a  standard  for  its  own  locomotives,  the  motive  power 
department  of  the  New  York  Central  recently  sent  out  a 
request  for  information,  which  resulted  in  securing  the  figures 
as  arranged  in  the  accompanying  table.  In  a  matter  of  this 
kind,  in  which  so  miich  expense  is  involved,  uniform  prac- 
tice would  be  expected;  but  this  table  shows  a  variety  of 
allowances.  The  minimum  allowance  affects  other  expenses 
than  the  cost  of  new  tires,  because  usually  the  condition  of 


ni.^GKAM    OF    DIMENSIONS. 


ALLOWANCE    FOR    WEAR    OF    TIRES. 


ROAD. 


DESCRIPTION  OF 
WHEEL. 


o 
tt 


A 


WITHOUT  RINGS. 
Inches.    Thickness. 


WITH  RINGS. 


Inches.    Thickness. 


/'74  inches  Cent. 
168  "  "  . 
1 62  ■• 
J  56  •' 
)  56       '• 

I  44       " 

I  Other  Switch 

/  Switch 

I  Road 

( 


Pass 

Freight . 
Sniteh.. 


F 


H 


(U  inch  Cent.  Con 5  3-t 

45T.  Pass 

leoT.  Pass ;;;;; 

/Freight '.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'.     isi 

I  Passenger 5  3.4 

/  Freight 

t  Pa.ssenger 

r  Pass .  6i!  inches  and  over .51-2 

I      "       under  62  inches 

JFreight. 

ISwitch 


5'. 

B 

3 
3  1-2 


4 

31-2 
3 

3  1-2 


31-2 


al-2 

a  J  S 

C 

131 
l_^^-8 
11-2 

13-8 


S 
a 

a   ^• 

D 

11-2 
13-8 
11-4 

11-8 


tx 


Si 

S5 
B 


S 

Baa       .5     S 

F  G 

No  Rings   Used. 


=  -  5* 

H 


Retaining  Ring. 
Grooves.    Inches. 


M 


1  1-2    1 1-4  1  3-8* 


No  Rings  Used 


11-2* 


*  According  to  weight  of  engine. 


15-8 


1  11-16 
1  1-1 
1  1-2 

1  1-4 
11-2 

2  1-8 
178 
158 
11-2 


11 


13-8 


17-16 
i  7-16 


17-8 
1  5-8 
13-8 
11-4 


3 

31-2 


312 


•11-2 
15-8 


131 

17-8 
2 


11-4 
13-8 


1  1-2 
15-8 
13-4 


56 


41 


M.  3-4       M.3-4 
F.&B.7-8  F.&B.7-8 

M.3-4       M.3-4 

F.&B.7-8  F.&B.7-8 

16-16         13-16 


No  Rings  Used, 
No  Rings  Used. 


218 
17-8 
15-8 


17  8 
15-8 
13-8 


3-4 


3-4 


5-16 


5-16 


5-16 


3-16 


3-16 


3-16 


5-16 


5-16 


o-l« 


tires  determines  the  interval  between  shopping  for  generpl 
repairs.  When  from  7,000  to  10.000  miles  may  be  made  per 
1-16  in.  of  wear  the  limit  clearly  becomes  important  as  a 
commercial  question.  The  last  road  in  this  list,  under  the 
notation  "H,"  is  the  New  York  Central,  and  these  dimensions 
have  been   adopted   as   standard   practice   on   that   road. 


Some  idea  of  the  strength  and  stiffness  embodied  in  modern 
lathes  may  be  gained  from  the  fact  that  a  recent  lathe,  using 
four  tools,  has  reduced  a  steel  shaft  from  36  to  2S  ins.  in 
diameter  at  one  cutting  with  a  feed  of  ^4  in.  That  is  to  say, 
the  depth  of  the  cut  was  4  ins.,  this  depth  being  divided  among 
the  four  tools. 
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HEIGHTS   OF   LOCOMOTIVE    BOILERS    AND    LOCOMO- 
TIVE   PROGRESS. 


Discussions  of  tlie  effect  upon  tracK  of  large  locomotives  and 
cars  have  led  a  correspondent  to  inquire  the  maximum  height 
of  the  center  of  the  boiler  of  an  Ameiican  locomotive,  meas- 
ured above  the  rails.  The  highest  found  in  our  record  is 
that  of  a  2- — 8 — 0  (consolidation)  type  locomotive  recently 
built  for  the  Erie  Railroad  by  the  Baldwin  Locomotive  Works. 
This  is  known  as  "Class  H  12"  in  the  Erie  classification  and 
the  height  of  the  center  of  the  boiler  (68  ins.  in  diameter)  is 
9  ft.  11  ins.  The  height  to  the  top  of  the  stack  is  15  ft.  4Ti 
ins.     The  accompanying  diagram  is  worthy  of  preservation. 

The  second  in  height  of  the  center  of  its  boiler  is  the  4 — 6—0 


COMPARATIVE    TESTS   OF    CALIFORNIA  CRUDE  OILS. 


ATCHISON,  TOPEKA  &  SANTA  FE  RAILWAY. 


A  series  of  tests  was  made  recently  by  the  Santa  Fe  Railway 
on  the  crude  oils  found  in  California,  to  determine  the  rela- 
tive evaporative  values  of  the  light,  high  gravity  oils  found 
in  the  southern  part  of  the  State  and  the  heavy,  low  gravity 
oils  found  farther  north.  These  tests  were  made  both  on  the 
stationary  plant  at  the  San  Bernardino  shops,  and  to  obtain 
service  conditions  on  consolidation  engine  No.  719,  having 
21  X  28-in.  cylinders,  31,100  lbs.  tractive  force  and  carrying  180 
lbs.  steam  pressure.  In  both  cases  the  water  evaporated  and 
the    oil    consumed    were    accurately    measured    in    calibrated 


■Width  over  caves  10 1 


A  LOCOMOTIVE  WITH  A  HIGH  BOILEE. EBIE  RAILROAD. 


Cylinders 24.  x  28  ins. 

Weight  on   drivers    165.900    lbs. 

Total  weight  in  working  order 189,400   lbs. 

Diameter  of  drivers   62   ins. 

Ratio  heating  surface  to  grate  area 32 

Katio  heating  surface  to  cylinder  volume... 198 
Tractive   power   per   lb.    M.E.P 199.16 


Capacity,  coal    12  tons 

Capacity,  water .6,000  gals. 


Flues,    number    298 

Flues,    length    13   ft.   2  3-16   ins. 

Heating  surface,  flues 2,224  sq.  ft. 

Heating  surface,  firebox    167  sq.   ft. 

Heating  surface,  total    2,391  sq.  It. 

Grate   area    75   sq.    ft. 

Firebox,  length   lis  ins. 

Firebox,   width    96    ins. 

Tender. 

I       Weight,  empty   52,400  lbs. 

I       Weight,  loaded   126,400  lbs. 


(ten-wheel)  type,  built  in  1901  for  the  Chicago,  Rock  Island 
&  Pacific  by  the  Brooks  Locomotive  Works.  This  engine 
measures  15  ft.  7%  ins.  to  the  top  of  the  stack.  The  center 
of  the  boiler  is  9  ft.  10%  ins.  above  the  rail.  If  readers  know 
of  locomotives  with  boilers  higher  than  these  they  will  confer 
a  favor  by  communicating  the  fact.  This  Erie  locomotive 
boiler  is  probably  10  ft.  high  with  new  tires  and  new  springs. 

Progress  in  locomotive  proportions  has  been  more  rapid 
than  anyone  can  possibly  realize  without  a  glance  at  the  prac- 
tice of  a  few  years  ago.  It  is  interesting  to  note  the  sugges- 
tion contained  on  page  52  of  this  journal  for  February,  1888, 
to  the  effect  that  the  center  of  a  locomotive  boiler  might  per- 
haps sometime  reach  the  height  of  9  ft.  In  that  article  the 
statement  was  made  that  between  1858  and  1888  the  size  and 
weight  of  passenger  locomotives  had  doubled,  and  the  ques- 
tion was  asked:  "Will  this  rate  of  increase  continue,  and  in 
the  year  1918  will  there  be  passenger  engines  running  which 
weigh  200,000  lbs.  and  over?"  The  reader  will  note  that  the 
new  Chicago  &  Alton  passenger  locomotives  weigh  219,000 
lbs.  which  is  10  per  cent,  more  than  the  prediction  for  attain- 
ment fifteen  years  hence.  In  June,  ji900 — less  than  three  years 
ago — ^Mr.  William  Forsyth  suggested  the  possibility  that  in 
1905  the  total  heating  surface  of  freight  locomotive  boilers 
might  reach  4,000  sq.  ft.  In  our  June  nunioer  of  last  year  the 
Santa  Fe  2 — 10—0  (decapod)  was  illustrated.  It  has  5,390 
sq.  ft.  of  heating  surface. 

Predictions  for  the  future  may  be  amusing,  but  their  value 
is  small.  This  rapid  progress  in  size  and  weight  emphasizes 
the  relatively  small  progress  in  efficiency  in  the  methods  of 
utilizing  the  weight.  It  is  time  to  turn  attention  to  obtaining 
the  utmost  capacity  from  present  weights,  and  this  is  the 
most  difficult  problem. 


tanks,  temperature  and  pressures  taken,  and  in  the  case  of 
the  stationary  tests,  injector  overflow  measured  and  deducted, 
it  being  the  intention  to  secure  as  accurate  data  as  possible. 

SUMMARY     OF     FUEL     OH,    TESTS     MADE     ON     SAN     BBRNAHDINO     STATIONAKY 
PLANT   AND    ENGINE    NO.    719    WITH    OILS    "A,"    "B"    AND    "C." 

Tests   made    on ^Stationary  Plant-~i         , Engine  719 » 

Kind   of   oil    used "A"        "B"  "C"         "A"  "B"         "C" 

No.    of    tests    made 5  7  7  5  4  4 

Pounds    water    evaporated 

per  pound   oil 11.23        11.72      11.12      10.65        11.10        10,67 

Pounds    water    evaporated 

per    pound    oil    in    per 

cent,    using   "A"   oil    on 

stationary    and    road    as 

basis  (100  per  cent.)..  100  104.26  99.02  100  104.23  100.79 
Gravity  of  oil  (Beaume  at 

60°    F.)     19.03       19.56     12.1        17.7  19.1  13.5 

The  tests  first  made  were  to  determine  the  difference  between 
ordinary  and  southern  California  oil,  as  it  is  delivered  in  the  oil 
cars  from  the  fields,  being  a  mixture  of  a  large  number  of 
wells,  and  which  we  will  call  oil  "A,"  and  oil  from  a  particular 
well  in  the  same  district  whose  analysis  showed  a  higher  ther- 
mal value  than  Is  found  in  the  ordinary  oil,  which  we  will 
call  "B."  Reports  of  tests  between  these  two  oils  on  both  road 
engine  and  stationary  plant  are  shown  in  the  table,  and  it 
will  be  noted  that  the  difference  in  evaporative  value  of  the 
two  oils  is  small,  being  4.36  per  cent,  in  the  stationary  tests 
and  4.23  per  cent,  in  the  road  tests,  in  favor  of  the  special 
oil  "B."  The  fact  that  two  sets  of  tests  made  in  such  widely 
different  service  check  so  closely  in  the  results  would  seem 
to  indicate  the  accuracy  of  the  tests.  The  oil  "B"  did  not  show 
the  increased  evaporation  over  oil  "A"  that  a  comparison  of 
their  B.  T.  U.  would  lead  one  to  expect.  This  was  explained 
by  the  fact  that  the  well  from  which  oil  "B"  was  obtained 
was  a  heavy  producer  and  ordinarily  the  oil  from  all  of  the 
wells  is  mixed  together  in  the  storage  tanks,  so  that  there 
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was  not  so  great  a  difference  between  the  two  oils  as  -had 
previously  shown  in  their  analyses. 

Other  tests  made  with  heavy,  low  gravity  oil  "C"  show  an 
evaporation  surprisingly  close  to  that  of  the  lighter  oils  "A" 
and  "B"  in  spite  of  the  marlied  difference  in  the  per  cent,  of 
kerosene,  gasoline,  asphaltum,  etc.,  present  in  the  two  oils. 

Below  is  a  summary  of  an  analysis  of  the  two  oils: 

■■A"  "B"  "C" 

Calorific    value    U.    T.    U 16,492  .  18,'JGO  17,112 

Per  cent,   sulphur 2.22  3.4  2. 

Per   cent,   gusoline 5  to  20  4.G  none 

Percent,    kerosene 36.88  23.  20.25 

Per    cent,    residue    (about) 2.5.60  72.  70.75 

It  Will  be  noted  by  referring  to  the  tests  that  the  tempera- 
ture of  the  oil  as  it  went  to  the  burner  was  very  much  higher 
with  oil  "C"  than  with  the  lighter  oils  "A"  and  "B,"  because 
the  pressure  of  such  a  large  asphaltum  base  made  the  oil  very 
sluggish  and  required  considerable  heat  before  it  would  feed 
down  to  the  burner  freely.  On  the  first  road  test  made  with 
this  oil  (C)  the  engine  left  the  terminal  with  the  temperature 
of  the  oil  about  80  deg.  P.,  and  for  about  half  an  hour,  or  until 
the  heater  coil  could  get  the  oil  hot,  the  fireman  kept  the  oil 
feed  valve  wide  open,  and  in  spite  of  this  the  steam  pressure 
ran  back  about  50  lbs. 

All  of  these  are  California  crude  oils.  Oil  "C"  is  very  thick, 
almost  like  asphalt  when  liquified  by  heat.  The  oils  "A"  and 
"B"  are  in  appearance  ordinary  liquid  crude  oils  and  are  ob- 
tained in  southern  California,  while  "C"  is  obtained  at  about 
the  center  of  the  State.  It  is  interesting  to  note  that  although 
the  appearance  and  analyses  of  the  oils  differs  widely,  yet 
one  may  be  made  to  do  as  good  work  as  another.  It  is  also 
interesting  to  see  how  closely  the  tests  on  a  stationary  boiler , 
and  on  locomotives  agree  with  each  other. 

This  information  was  furnished  by  Mr.  G.  R.  Henderson, 
superintendent  of  motive  power.  The  tests  were  carried  out 
by  Mr.  G.  R.  Joughins,  mechanical  superintendent  of  the 
coast  lines,  the  data  having  been  taken  by  Mr.  R.  S.  Wicker- 
sham,  assistant  engineer  of  tests. 


A  student  grade  of  membership  has  been  established  by  the 
American  Institute  of  Electrical  Engineers,  conferring  upon 
students  regularly  pursuing  electrical  studies  the  following: 
1.  The  privilege  of  being  present  at  all  meetings  of  the  Insti- 
ute,  except  such  business  meetings  as  relate  to  the  manage- 
ment of  the  Institute.  2.  The  privilege  of  receiving  the  regu- 
lar announcements  and  printed  copies  of  monthly  transactions. 
3.  The  privilege  of  purchasing  the  semi-annual  bound  volumes 
of  the  transactions  of  the  Institute  at  the  price  of  $3.50  per 
copy,  or  such  other  price  as  may  be  hereafter  fixed  by  the 
board  of  directors.  Certain  easy  requirements  must  be  met 
and  these  privileges  cannot  be  had  by  anyone  for  more  than 
three  years.  Students  are  not  limited  to  technical  schools, 
but  include  those  pursuing  electrical  studies  in  the  corre- 
spondence schools  or  privately.  In  connection  with  this  idea 
a  number  of  local  or  branch  meetings  of  the  Institute  have 
been  established  at  fourteen  of  the  leading  technical  schools. 


The  Fresno  City  Railway  Company,  of  Fresno,  Cal.,  has 
recently  placed  in  service  a  20-ton  electric  locomotive  car  for 
the  purpose  of  hauling  freight  cars,  and  also  carrying  freight 
and  supplies.  This  line  is  an  outlet  for  a  heavy  shipping  dis- 
trict and  transfers  a  great  deal  of  freight  to  the  steam  roads. 
The  locomotive  is  driven  by  four  motors  of  50-h.p.  each,  one 
upon  each  axle,  and  is  equipped  with  standard  automatic 
coupleVs.  The  car  was  furnished  by  the  J.  G.  Brill  Company. 
Philadelphia,  Pa.,  the  trucks  used  being  the  improved  Brill 
No.    27   high-speed   type. 


AN    ARGUMENT    FOR    BLUE    LEAD. 


EQUIPMENT  AND  MANUFACTURING  NOTES. 


The  Liinkeniiciiiiftr  Ojinnany.  Cincinnati,  report  that  on  account 
of  the  unpreci'ilcnted  demand  for  their  hraflK  and  iron  Hteam  spe- 
cialties they  liave  been  compelled  to  incroa-sc  their  foundry  output 
M  per  cent.  Machine  tools  of  the  moat  improved  type.s  are  being 
installed  in  various  departments  aa  fast  as  they  can  be  obtained. 


The  Columbus  Steel  Rolling  Shutter  Company,  Columbus,  Ohio, 
inform  us  that  they  have  appointed  the  F.  P.  Smith  Wire  and  Iron 
Wiirks,  100-102  Lake  .street,  Chicago,  manufacturerH  of  ornamental 
and  structural  iron,  art  brass  and  wirework,  sole  agents  in  Chicago 
and  several  other  Stales  adjacent  thereto  for  the  «ale  of  the  Colum- 
bu.s  rolling  steel  doors  for  freight  houses,  shop  buildings,  car-baros, 
warehouses,  etc.,  owing  to  the  large  number  of  orders  coming  in 
from  the  West. 


Mr.  W.  O.  Duntley,  of  the  »--.icago  Pneumatic  Tool  Company, 
has  just  returned  from  a  short  busine.s.s  trip  abroad  in  the  inter- 
ests of  his  company.  While  on  the  Continent  he  visited  several  of 
the  most  prominent  shipyards  and  manufacturing  establishments 
and  brought  back  with  him  a  large  number  of  orders  for  the  vari- 
ous pneumatic  appliances  manufactured  by  his  company.  Mr. 
Duntley  expresses  himself  as  somewhat  astonished  at  the  readiness  . 
with  which  European  industries  adopt  American  labor-saving  ma- 
chinery, and  in  speaking  of  his  trip  says :  "American  labor-saving 
machinery  is  indeed  becoming  firmly  established  in  the  old  coun- 
tries. Particularly  is  this  true  of  pneumatic  appliances,  and  in 
the  large  majority  of  the  shops,  and  especially  in  the  prominent 
shipyards  which  I  visited.  'Boyer'  and  "Little  Giant'  pneumatic 
tools  were  in  continuous  service  and  giving  excellent  satisfaction. 
Tue  large  English  and  German  ship  owners  have  adopted  pneumatic 
tools  almost  exclusively,  and  although  occasionally  an  instance  will 
be  found  where  the  old  hand  methods  still  prevail,  they  are  cer- 
tainly the  exception  rather  than  the  rule,  as  was  the  case  but  a 
few  years  ago.  Our  foreign  plants  are  taxed  to  their  utmost  capac- 
ity to  adequately  fulfill  requirements,  and  in  all  probability  exten- 
sive improvements  will  be  necessitated  in  order  to  take  nroner  .;are 
of  the  immense  influx  of  business.  In  fact,  the  outlook  for  pneu- 
matic tool  business  on  the  Continent  is  most  promising  indeed  and 
all  indications  point  toward  a  record-breaking  year  in  the  pneu- 
matic tool  industry,  both  for  foreign  and  domestic  business." 


By  a  slip  which  cannot  be  blamed  upon  compositor,  printer  or 
office  boy,  under  the  heading  "Blue  Lead  as  a  Pigment  for  Paint," 
on  page  198  of  our  May  number,  an  error  occurred  in  the  first  line, 
which  should  read,  "An  argument  in  favor  of  blue  lead  as  a  pig- 
ment." 


Mr.  A.  Rieppel,  Koeniglicher  Baurat,  of  Numberg,  Germany, 
the  managing  director  of  the  Augsburg  Nurnberg  Manufacturing 
Company,  well  known  for  many  years  as  one  of  the  largest  and 
most  successful  builders  of  structural  iron  work,  engines,  cars, 
bridges,  etc.,  in  Europe,  is  now  visiting  this  country.  His  works 
employ  about  16,000  men  and  now  have  over  2,000  at  work  on 
the  bridges  of  the  new  railroads  beins  built  by  Germany  in  China. 
Their  latest  success  has  been  with  gas  engines,  both  for  gaseous 
and  liquid  fuel.  They  have  long  built  these  engines  in  smaller 
units  up  to  400  h.p.  and  operated  with  petroleum,  but  for  the  use 
of  waste  gas  as  well  as  producer  gases  and  in  larger  units,  they 
have  recently  developed  an  entirely  new  design  constituting  the 
result  of  many  years  of  extensive  experience.  The  engine,  which 
is  of  the  double-acting  tyne,  generally  in  tandem  arrangement,  is 
adapted  for  the  various  purposes  of  modern  power  development  up 
to  the  largest  units  required  by  municipal  central  stations  and  iron 
and  steel  works.  Mr.  Rieppel's  visit  to  this  coimtry  was  made  to 
interest  the  Allis-Chalmers  Company  in  the  manufacture  of  the 
products  of  his  company.  A  contract  was  entered  into  by  the  two 
companies  giving  the  Allis-Chalmers  Company  the  exclusive  right 
to  manufacture  and  sell  the  Nurnberg  gas  engine  for  this  country 
and  selling  rights  in  many  foreign  countries,  especially-  the  Far 
East  and  South  Africa.  The  Augsburg  Nurnberg  Manufacturing 
Company,  under  the  direction  of  Mr.  Rieppel,  has  made  a  phenom- 
enal success  with  this  new  gas  engine,  having  within  the  past  few 
months  received  orders  for  some  50,000  h.p.  throughout  Germ.iny 
and  Spain,  chiefly  for  generating  electric  energy  and  for  blast  fur- 
nace and  spinning  mill  work.  One  of  these  engines  now  being  built 
is  for  an  important  spiiming  mill  in  northern  Germany  where  the 
engine  will  be  operated  by  producer  gas.  Mr.  Rieppel  is  now  on  a 
tour  of  inspection  throughout  this  country,  after  which  he  will 
visit  the  new  and  extensive  works  of  the  Allis-Chalmers  Company 
at  West  Allis,  wuere  these  engines  will  be  built. 
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ZEHNDER    AUTOMATIC    RELIEF 
VALVE. 


The  accompanying  Illustrations  show  the 
Zehnilei-  patent  locomotive  automatic  vac- 
uum compression  and  ex<'ess  pressure  relief 
valve,  vifith  cylinder  cock  attachments  and 
auxiliary  oiling  device.  By  the  use  of  this 
valve  the  vacuum  and  compression  in  the 
cylinders  can  be  adjusted  to  and  maintained 
at  any  desired  amount,  thereby  increasing 
the  power  of  the  engine,  reducing  the  coal 
consumption  and  causing  the  engine  to  ride 
more  easily. 

Fig.  1  is  a  sectional  view  of  the  valve,  and 
Fig.  2  shows  a  sectional  view  of  the  cylin- 
der of  a  simple  locomotive  with  the  cylin- 
der automatic  reliel  valves  attached,  show- 
ing connections  by  which  the  valves  are 
governed  from  the  cab.  Referring  to  Fig.  1 
valve  6  acts  as  a  compression  and  vacuum 
relief  and  cylinder  drain  cock.  It  works  au- 
tomatically, except  when  held  open  or  shut 
by  the  engineer  through  the  medium  of  the 
cylinder  cock  levers  as  shown  in  Fig.  i. 
The  normal  position  of  this  valve  is  open, 
being  held  by  the  spring  7,  the  tension  of 
which  is  adjusted  by  the  cap  nut  9,  to  give 
the  desired  compression  in  the  cylinder. 
When  steam  is  admitted  into  the  cylinder 
it  closes  valve  6  and  holds  it  closed  until  the 
exhaust  opens  and  reduces  the  pressure  be- 
low the  tension  of  spring  7,  the  valve  then 
opens  and  remains  so  until  the  compression 
becomes  sufficient  to  close  it.  The  amount 
of  compression  therefore  depends  upon  how 
late  in  the  stroke  valve  6  closes,  being  re- 
duced by  a  late  closure  and  increased  by  an 
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ZEHNDER    AUTOMATIC    RELIEF    VALVE. 

FIG.   2 — SECTIONAl  VIEW   OF  CYLINDER. 


early  closure.  The  tension  of  spring  7  should 
be  adjusted  to  give  just  sufficient  compres- 
sion to .  properly  cushion  the  piston.  In 
drifting,  valve  6  opens  and  relieves  the  vac- 
uum that  otherwise  would  be  formed.  Valve 
3  prevents  excessive  pressure  in  the  cylin- 
der, the  spring  4  being  adjusted  to  resist  a 
pressure  slightly  above  boiler  pressure.  The 
auxiliary  attachment,  12,  is  provided  for 
lubricating  cylinders  in  the  event  of  the 
failure  of  the  regular  lubricating  devices  or 
a  break-down  necessitating  the  blocking  of 
the  steam  valve,  but  permitting  the  main 
rod  being  left  up.  These  valves  are  now 
being  put  on  the  market  by  C.  F.  Beckwith 
&  Co.,  of  Scranton,  Penn.,  as  general  agents 
for  the  Zehnder  valves.  Detailed  informa- 
tion will  be  furnished  on  application. 


no.  1. 


A  high-speed  run  was  recently  made  upon 
the  Aurora,  Elgin  &  Chicago  third-rail  elec- 
tric railway  which  is  said  to  be  a  record- 
breaker  for  electric  railroad  practice.  A 
single-motor  car  made  a  special  run,  undei 
regular  traffic  conditions,  from  the  Chicago 
terminal  at  Fifty-second  avenue  to  Aurora — 
a  distance  of  35  miles — in  34%  minutes.  Dur- 
ing a  spurt  5  miles  of  the  run  were  made  in 
4  minutes  and  5  seconds,  a  rate  of  speed  cor- 
responding to  73%  miles  per  hour.  This  is 
claimed  to  break  the  record  for  constant  run- 
ning for  long  distances  upon  electric  rail- 
ways. 
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AMERICAN    RAIL'WAY     MASTER    MECHANICS     ASSO- 
CIATION. 


Thtrtt-sixth  Annual  Convention. 


SARATOGA,    N.    T.,   JUNE   24-26,    1903. 


The  convention  was  opened  by  the  president,  Mr.  G.  W.  West, 
with  the  usual  formalities,  the  attendance  being  unusually 
large.  The  presidential  address  began  with  a  brief  review  of 
the  extraordinary  conditions  of  congestion  on  the  railroads 
because  of  large  volumes  of  business  during  the  past  year. 
This  had  brought  new  problems,  which  had  been  successfully 
solved.  Tonnage  rating  was  regarded  as  a  most  important 
element  in  train  operation.  By  placing  the  rating  of  loco- 
motives in  the  hands  of  one  man,  a  gain  of  one  train  in  five 
had  been  obtained  with  one  class  of  locomotives.  Tonnage 
rating,  however,  had  been  overdone.  With  the  introduction 
of  the  wide  firebox  on  locomotives  had  come  a  danger  of  a 
considerable  loss  through  waste  of  fuel  while  standing  still. 
The  speaker  believed  that  locomotive  failures  should  come 
before  the  association  in  discussions.  He  had  found  that 
20  per  cent,  of  the  failures  represented  80  per  cent,  of  the 
cost.  High-speed  tool  steel  was  referred  to  as  a  great  blessing 
in  permitting  the  increase  of  capacity  of  old  tools.  This 
amounted  to  as  much  as  100  per  cent,  in  some  cases.  During 
the  past  year  3,582  locomotives  had  been  built  in  this  country, 
which  was  equivalent  to  one  every  working  hour  during  the 
year.  Of  these  locomotives.  1,297  weighed  90  tons  or  over,  and 
742  were  compounds.  The  speaker  then  supplemented  the  re- 
marks of  President  Waitt  last  year  on  the  opportunity  pre- 
sented the  association  in  the  matter  of  scientific  research, 
which  was  greatly  needed.  He  referred  to  the  recent  legacy 
of  $1,000  from  Jerome  Wheelock  for  this  purpose,  and  urged 
the  necessity  for  establishing  representative  membership  in 
order  to  defray  the  expenses  involved  in  systematic  work  of 
this  kind.     He  also  referred  to  The  Amesicak  Engineer  Tests, 


which  received  the  endorsement  of  the  asBociatlon  last  year. 
He  said: 

"Attention  was  directed  last  year  by  President  Waltt  to  the 
elaborate  series  of  tests  on  locomotive  draft  appliances  which 
are  being  conducted  at  Purdue  University  by  Professor  Goss 
for  The  A.\ieuican  E.ngi.neeb  anu  Railroad  Joub.nal  at  Its  own 
expense.  The  association  endorsed  this  commendable  under- 
taking by  authorizing  the  Executive  Committee  to  assist  in 
the  work,  which  will  be  reported  upon  at  this  convention  by  a 
special  committee.  This  research  ha.s  already  placed  the  study 
of  stacks  beside  that  of  exhaust  nozzles,  which  were  investi- 
gated by  the  association  in  1896.  Much  yet  remains  to  be  done 
in  order  to  apply  the  best  methods  of  design  to  large  loco- 
motives. The  conclusions  of  Professor  Goss  with  reference  to 
stacks  appear  in  the  current  number  of  Tue  American  En- 
gineer, revealing  valuable  results  already  attained  and  indi- 
cating  important   lines   for   further   investigation." 

The  address  was  a  thoughtful  a,nd  able  review  of  the  motive- 
power  situation. 

In  the  report  of  the  secretary  it  was  shown  that  the  active 
membership  was  G99,  associate  17,  honorary  36,  or  a  total  of 
752.  The  funds  in  the  hands  of  the  treasurer  amounted  to 
$3,085.66,  with  no  outstanding  bills.  This  amount  included  a 
legacy  of  $1,000  from  Jerome  AVheelock,  which,  it  is  under- 
stood, is  to  be  used  for  research  work  by  the  association.  The 
Executive  Committee  suggested  the  following  changes  in  the 
constitution  for  the  purpose  of  providing  additional  funds  for 
this  work: 

Article  3,  Section  1,  an  addition:  "One  representative  mem- 
ber may  be  appointed  by  any  railroad  company  to  represent  its 
interests  in  the  association;  such  appointment  shall  be  in 
writing,  and  shall  emanate  from  the  president,  general  man- 
ager or  general  superintendent.  Such  member  shall  have  all 
the  privileges  of  an  active  member,  including  one  vote  on  all 
questions,  and  in  addition  thereto  shall,  on  all  measures  per- 
taining to  the  determination  of  what  tests  shall  be  conducted 
by  the  association  or  the  expenditure  of  money  for  conducting 
same,  have  one  additional  vote  for  each  full  100  engines  which 
are  in  actual  operation  or  in  process  of  purchase  by  the  road 
or  system  which  he  represents.  Such  membership  shall  con- 
tinue until  notice  is  given  the  association  of  his  withdrawal 
or  the  appointment  of  his  successor." 

Article  3,  Section  3,  an  addition:  "Representative  members 
shall  pay,  in  addition  to  their  personal  dues  as  above,  an 
amount  for  each  additional  vote  to  which  they  may  be  entitled, 
as  shall  be  determined  each  year  by  the  Executive  Committee, 
pro-rated  upon  the  cost  of  conducting  such  tests  as  may  be 
determined  upon  at  each  convention;  provided,  that  no  assess- 
ment shall  exceed  $5  per  vote  per  year." 

Under  the  rules  this  must  wait  until  next  year  for  final 
action.     There  was  no  discussion. 

A  committee  was  appointed  to  take  up  with  the  Interstate 
Commerce  Commission  the  question  of  applying  hand-holds 
and  grab-irons  to  locomotive  tenders,  which  are  required  by 
the  safety-appliance  law. 

An  invitation  was  received  from  President  Francis,  of  the 
St.  Louis  Exposition,  to  hold  the  next  annual  convention  of 
the  association  at  St.  Louis  in  connection  with  the  exposition. 

TOPICAL  DISCUSSIONS. 
Long  Locomotive  Flues. — This  subject  was  presented  by  Mr. 
H.  F.  Ball,  who  stated  in  general  terms  that  long  fines  give  no 
more  trouble  than  short  ones.  Mr.  Humphrey  stated  that  he 
was  not  at  all  afraid  of  20-ft.  flues  after  his  experience  with 
them  on  the  Chicago  &  Alton.  Mr.  Humphrey  mentioned  the 
matter  of  design  of  six-coupled  locomotives  with  large  drivers, 
which  necessitated  long  tubes.  In  the  recent  Chicago  &  Alton 
4 — 6 — 2  locomotives  with  20-ft.  tubes  no  trouble  had  been 
found.  The  additional  heating  surface  Incidentally  obtained 
was  somewhat  beneficial.  These  engines  had  shown  remark- 
able steaming  qualities.  Professor  Goss  said:  "It  goes  with- 
out saying  that  if  the  length  of  the  tube  can  be  increased, 
there  will  be  advantage  in  the  performance  of  the  boiler,  pro- 
vided the  number  is  not  reduced,  so  that  as  the  subject  appeals 
to  me  it  is  one  of  diflSculties  to  be  met  with  in  increasing  the 
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lengUi  Qt"  the  tube.  These  difficulties,  I  fancy,  are  those  of 
maintenance,  keeeping  them  tight,  and  perhaps  the  disadvan- 
tage of  reduced  draft.  Now,  if  these  disadvantages  do  not 
appear  in  the  experience  which  has  been  with  the  long  tube, 
it  seems  to  me  the  argument  is  very  strongly  in  favor  of  the 
more  general  use  of  longer  tubes." 

Methods  of  Setting  Tubes.— Mr.  Miller  (P.,  C,  C.  &  St.  L.)  be- 
lieved it  positively  detrimental  to  use  roller  expanders  which 
thinned  the  tubes.  Roller  expanders  also  distorted  the  holes 
in  the  flue  sheets.  Construction  which  would  permit  the  tube 
sheets  to  yield  as  diaphragms  was  advocated  and  supported  by 
a  record  of  experience.  Mr.  Lawrence  pointed  to  the  fact  that 
with  increasing  pressures  flue  practice  had  not  advanced.  Much 
of  the  present  trouble  was  due  to  careless  work  at  ash  pits. 
Mr.  Tonge  had  found  it  very  beneficial  to  discard  flue  rollers. 
Cleaning  flues  and  careful  fitting  to  the  sheets,  the  use  of  wide 
copper  ferrules  were  all  necessary.  Mr.  Humphrey  believed  the 
diaphragm  construction  to  be  the  field  for  progress  in  over- 
coming flue  troubles,  which  "he  characterized  as  serious  and 
due  to  local  conditions  and  a  large  number  of  causes.  Mr. 
Bartlett  reported  favorable  experience  with  spirally  corrugated 
tubes  on  the  Boston  &  Maine.  The  spiral  corrugations  ap- 
parently provided  for  expansion.  Flue  and  other  boiler  trou- 
bles are  evidently  considered  as  the  most  important  locomotive 
problems  before  motive  power  men  to-day. 

Grinding  as  a  Method  of  Finishing  Piston  Rods  and  Valve 
Stems. — Mr.  Vaughan  introduced  this  subject  by  stating  that 
his  subject  referred  to  grinding  by  the  use  of  high  pressures 
and  the  employment  of  stops.  A  very  rigid  machine  was  ab- 
solutely necessary.  The  work  was  done  to  save  lathe  cuts  and 
secure  accurate  finish  as  compared  with  filing.  As  a  result  a 
piston  rod  could  be  centered  and  rough  turned  in  about  IVi 
hours  and  could  be  completely  finished  by  grinding  in  from 
16  to  18  minutes.  Valve  stems  requiring  45  minutes  for  lathe 
and  file  finishing  could  be  ground  in  10  to  12  minutes.  Crank 
pins  required  1  hour  45  minutes  for  centering,  roughing, 
threading  and  finishing  in  the  lathe,  as  compared  with  20  to  22 
minutes  for  grinding.  Old  rods  with  pistons  on  were  ground 
just  as  they  came  from  the  engines  in  30  to  35  minutes, 
whereas  lathe  work  required  1  to  lU  hours.  Old  valve  stems 
were  ground  in  25  to  30  minutes.  The  speaker  placed  great 
emphasis  on  the  necessity  for  rigid  grinding  machinery,  and 
was  strongly  in  favor  of  grinding  as  a  process  in  locomotive 
work. 

Mr.  Norton,  of  the  Norton  Emery  Wheel  Company,  was 
given  the  privilege  of  the  floor  and  spoke  of  the  development 
of  the  manufacture  of  grinding  wheels,  which  had  exerted  a 
Tital  influence  on  the  possibilities  of  grinding.  To-day  soft 
steel  is  removed  by  wheels  at  a  rate  of  a  cubic  inch  of  metal 
per  minute.  Machine  tool  features,  rather  than  refinements 
for  grinding,  were  now  applied  in  grinding  machinery.  Pres- 
sures up  to  6,000  lbs.  were  used  in  grinding  large  pieces,  such 
as  shafts.  The  utmost  rigidity  was  necessary  in  the  machines. 
New  Tool  Steels. — This  subject  was  presented  by  Mr.  S.  K. 
Dickerson  (Lake  Shore  &  Michigan  Southern),  who  related 
experience  at  the  Collinwood  shops.  As  an  instance  of  what 
could  be  done,  he  stated  that  fourteen  tires  had  been  boreiT 
with  one  tool  for  roughing  out.  It  had  been  found  that  it 
often  required  more  time  to  put  work  into  readiness  than 
was  required  for  the  cutting,  which  made  it  desirable  to  pro- 
vide improved  facilities  for  setting  work.  In  many  cases 
machines  had  failed  to  hold  up  the  cut  which  the  steel  would 
carry.  In  boring  tires  speeds  of  36  to  40  ft.  per  minute  were 
used,  and  in  turning  tires,  outside,  speeds  of  18  to  20  ft.  The 
discussion  showed  the  great  importance  of  the  new  high- 
speed steels  in  all  materials  except  cast  iron,  or  on  work 
which  is  light.  Mr.  Vaughan  believed  that  the  introduction 
of  these  steels  constituted  the  greatest  improvement  in  ma- 
chine work  in  recent  times.  There  had  been  a  general  wak- 
ing up  to  a  study  of  speeds  and  feeds  and  methods  of  putting 
work  into  machines  which  was  not  the  least  important  effect 
of  the  steels.  It  would  pay  to  spend  more  money  on  jigs  and 
methods  of  reducing  the  labor  charge  and  the  cost  of  manipu- 
lating the  tool.    The  new  steels  had  done  a  service  in  drawing 


attention  to  this  fact.  It  would  not  do  to  stop  with  the  steel 
itself.  It  requires  perhaps  twelve  minutes  to  make  a  cut  and 
an  hour  to  set  the  work.  The  discussion  was  lively  and  inter- 
esting, reflecting  the  fact  that  tool  steels  are  revolutionizing 
shop  practice. 

Range  of  Weights  of  Principal  Parts  of  Locomotives. — Mr. 
R.  H.  Soule  placed  on  record  the  weights  of  a  number  of  heavy 
parts  of  locomotives  which  he  had  secured  in  connection  with 
the  determination  of  the  capacities  of  traveling  cranes  for 
shops.  A  large  amount  of  this  information  will  be  presented 
in  the  proceedings.  In  his  remarks  he  gave  a  few  very  inter- 
esting figures,  as  follows: 

"The  heaviest  weight  of  the  complete  boiler  that  is  recorded 
is  the  Santa  Fe  tandem  compound  decapod  by  the  American 
Locomotive   Company,   which   weighs    66,313   lbs.     That   indi- 
cates, at  once,  in  order  to  be  safe  and  leave  some  little  mar- 
gin, that  a  general  boiler  shop  crane  which  is  going  to  handle 
all  kinds  of  boilers   should  not  be  of  less  than  35  tons'  capac- 
ity.   The  next  item  worthy  of  note  is  that  of  cabs;    the  heavi- 
est wooden  cab  reported  weighs  1,520  lbs.,  and  the  heaviest 
steel  cabs  will  weigh  over  1,000  lbs.  more  than  wooden  cabs. 
A  full  set  of  frames  on  the  engine  referred  to  weighs  21,200 
lbs.,  which   indicates  that  a  10-ton  crane  is  not  sufiicient  to 
handle  them,  and  will  probably  require  a  15-ton  crane.    A  pair 
of  cylinders  bolted  together  complete  in  the  case  of  the  same 
heavy  Santa  Fe  tandem  compound  decapod  engine  will  weigh' 
27,420  lbs.,  showing  at  once  nothing  less  than  a  15-ton  crane 
would   be  safe   to   provide   for   handling   that   class   of   work. 
The   heaviest   driving   axle    reported,    referring   to   the   same 
engine,  weighs  1,875  lbs.;  a  pair  of  driving  wheels  on  axles  the 
same  engine,  being  the  main  wheel  with  eccentric  and  straps 
on,  weighs  9,855  lbs.     Engine  truck  complete,  Atlantic  type. 
New  York  Central  engine,  weighs  10,250  lbs.,  something  over 
5  tons.     The  tender  tank  reported  by  the  Baldwin  Company 
weighs  13,680  lbs.,  showing  at  once  that  a  7%-ton  crane  is 
necessary;    the  tender  truck  complete,  9,060  lbs.;    the  tender 
complete,  without  coal  or  water,  48,900  lbs." 
INDIVIDUAL   PAPERS. 
Draw  Bars  Between  Locomotives  and  Tenders. — This  paper, 
by  Mr.  Henry  Bartlett   (Boston  &  Maine),  is  presented  in  ab- 
stract.    Mr.  Wm.  Forsyth  differed  with  the  author  with  refer- 
ence to  the  use  of  springs  and  believed  that  the  employment 
of  friction  draft  gear  on  the  rear  ends  of  tenders  would  reduce 
the   duty  of  the  engine  draft  gear.     Mr.   Bartlett  stated  his 
opinion  that  there  should  be  a  positive  tie,  with  no  lost  motion 
between  engines  and  tenders.     This  was  the  more  necessary 
with  large  locomotives.     Mr.  Vaughan  believed  a  spring  con- 
nection desirable,  because  it  made  it  possible  to  utilize  a  por- 
tion of  the  weight  of  the  tender  to  assist  in  steadying  the 
engine.    A  flat  buffer  was  preferred  to  a  rounded  form,  because 
of  providing  wearing  area  and  preventing  cutting  on  curves. 
Mr.  Van  Alstyne  favored   spring  connections,  and  argued   in 
favor  of  greater   capacity   of  the  springs.     He  also  believed 
wide,  flat  wearing  plates  desirable.    The  discussion  was  decid- 
edly favorable  to  spring  connections. 

At  this  point  a  letter  from  Mr.  F.  D.  Casanave,  of  the  Penn- 
sylvania Railroad,  was  read,  stating  that  that  road  would 
install  a  locomotive  testing  plant  as  a  part  of  their  exhibit  at 
the  St.  Louis  Exposition,  requesting  the  association  to  appoint 
a  committee  of  four  to  represent  the  association  in  connection 
with  tests  of  locomotives  on  the  plant.  Mr.  F.  H.  Clark  (C, 
B.  &  Q. )  presented  resolutions  authorizing  the  president  to 
appoint  this  committee.  This  important  project  evidently  im- 
pressed the  members.     The  resolutions  were  adopted. 

Internal  Combustion  Engines. — This  paper  will  appear  in 
abstract.  Mr.  Soule  did  not  think  that  the  author  had  given 
fair  consideration  to  the  steam  engine.  He  showed  from  the 
published  accounts  of  the  Collinwood  shops  that  a  horse  power 
could  be  delivered  at  the  motors  on  a  consumption  of  3  lbs. 
of  coal  and  did  not  consider  the  gas  engine  as  a  strong  com- 
petitor of  steam. 

The  Metric  System. — Mr.  Angus  Sinclair  presented  an  indi- 
vidual paper  urging  the  association  to  take  oflicial  action  con- 
demning all  legislation  intended  to  promote  the  adoption  of 
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the  metric  system  in  this  country,  and  including  lesolutions 
which  the  author  suggested  in  this  conuecliou.  The  paper 
was  directed  against  the  bili  which  will  be  again  brought  be- 
fore Congress  with  the  object  ot  compelling  the  use  ol  the 
metric  system  in  government  work,  and  cited  as  an  objection 
the  fact  that  nothing  but  confusion  would  result.  Kxperience 
in  so-called  metric  countries  abroad  had  proven  that  the  old 
units  remained  in  use,  and  it  was  believed  to  be  not  only 
impossible  to  generally  introduce  the  metric  system  in  this 
country,  but  it  was  entirely  unnecessary  to  attempt  to  do  so 
in  order  to  maintain  trade  with  metric  countries.  The  paper 
presented  the  case  ably  and  concisely.  Alter  a  very  short 
discussion  the  resolutions  were  adopted,  committing  the  asso- 
ciation to  a  policy  adverse  to  the  metric  system. 

Light  for  Locomotive  Headlights. — Mr.  Wm.  Mcintosh  read 
a  brief  statement  concerning  various  methods  of  lighting  loco- 
motive headlights  which  will  be  referred  to  more  fully  in  a 
future  issue. 

Effect  of  Tonnage  Rating  Upon  the  Cost  of  Conducting 
Transportation. — This  paper  will  appear  in  abstract.  Opinions 
expressed  in  the  discussion  were  generally  favorable  to  the 
views  of  the  author  as  to  the  desirability  of  reducing  max- 
imum tonnage  ratings  to  a  basis  which  would  permit  of  eco- 
nomical operation. 

DISCUSSION  OF  COMMITTEE  REPORTS. 

Revision  of  Standards. — The  adoption  of  M.  C.  B.  standards 
for  bolt  heads  and  nuts  was  recommended;  also  that  the  dis- 
tance between  the  backs  of  flanges  of  driving  wheels  be  not 
less  than  4  ft.  5%  ins.  It  was  suggested  that  a  committee  be 
appointed  to  revise  the  shrinkage  allowance  for  driving-wheel 
tires  to  provide  for  cast-steel  wheel  centers.  The  standard 
tire  section  was  found  to  contain  an  error,  and  should  be 
made  to  conform  to  that  of  the  M.  C.  B.  Association.  At  pres- 
ent steel  tubes  are  not  provided  for  in  the  standard  tube  speci- 
fications. It  was  recommended  that  these  be  included,  that 
the  M.  C.  B.  standard  axles  and  journal  boxes  be  adopted  by 
this  association  and  that  committees  be  appointed  to  revise 
the  specifications  of  cast-iron  wheels  for  tenders,  and  to  revise 
the  air  brake  and  signal  instructions.  The  recommendations 
were  approved. 

Piston  Valves. — Mr.  F.  H.  Clark  presented  the  subject,  calling 
attention  to  the  apparent  preference  for  the  hollow  piston 
valve  because  of  its  superior  balancing  features.  Relief  valves 
were  believed  to  be  somewhat  deficient  in  meeting  the  expec- 
tations. Considerable  difficulty  had  been  experienced  in  the 
use  of  Lrshaped  rings.  The  shape  of  the  section  was  impor- 
tant, and  a  short  lip  of  the  L  seemed  to  be  satisfactory.  Good 
results  had  been  secured  from  the  new  balanced  slide  valve 
(the  American).  A  flexible  connection  in  the  valve  stem  was 
recommended  in  order  to  reduce  the  wear  of  valves.  Straight 
bridges  were  believed  to  be  more  satisfactory  than  those  cut 
diagonally. 

Mr.  Van  Alstyne  reported  a  difference  of  6  to  1  in  favor  of 
piston  valves  in  the  matter  of  valve  failures  and  7  to  1  in 
Baldwin  and  cross  compounds,  running  in  the  same  service. 
A  speaker  gave,  from  the  standpoint  of  traveling  engineers,  a 
very  favorable  opinion  of  piston  valves.  He  referred  to  the 
weight  of  large  valves  as  an  important  matter  requiring  at- 
tention. Mr.  John  Player  presented  interesting  comments  on 
piston  valve  practice,  which  will  be  referred  to  in  another 
issue.  It  seemed  to  be  the  general  opinion  that  while  piston 
valves  were  not  perfect,  they  constituted  an  improvement  over 
the  old  form  of  slide  valves.  Mr.  David  Brown  compared  the 
piston  valve  to  "a  new  baby  in  the  family  which  needed  look- 
ing after."  The  recommendations  of  the  committee  were  re- 
ferred to  the  executive  committee. 

Recent  Improvements  in  Boiler  Design. — This  report  will 
appear  in  abstract.  Mr.  Van  Alstyne  indicated  the  great  im- 
portance of  wider  water  spaces,  not  only  at  the  mud  rings,  but 
also  at  the  crown  sheets.  Flue  troubles  were  not  taken  care 
of  completely  by  anybody,  and  by  most  people  not  at  all.  They 
constituted  a  very  serious  problem.  Mr.  Player  made  an  ad- 
mirable argument  for  better  circulation  of  water  in  boilers. 
This  report  led  to  a  rather  lengthy  discussion  at  th«  details 


of  boiler  construction.  Mr.  O.  H.  Reynolds  directed  attention 
to  D.  K.  Clark's  recommendations  for  tube  spacing,  which  if 
carried  out  to-day  would  lead  to  much  larger  spacing.  He 
wished  to  have  tests  made  to  demonstrate  the  facts  with  re- 
spect to  tube  spacing.  Mr.  Humphrey  made  a  strong  plea  for 
further  investigation  of  boiler  troubles  with  a  view  of  ascer- 
taining how  to  construct  boilers  to  overcome  present  troubles. 
He  believed  that  if  the  association  considered  this  subject 
only,  next  year,  the  time  would  be  well  spent,  so  important 
was  it.  The  committee  was  continued,  with  instructions  to 
carry  on  investigations  at  the  expense  of  the  association. 

Electrically  Driven  Shops. — Mr.  C.  A.  Seley,  chairman  of 
the  committee,  presented  this  admirable  report,  which  is 
printed  nearly  in  full  in  this  issue.  The  speaker  favored  a 
three-wire  system  for  general  shop  requirements.  For  lamp 
circuits  llu  volts  offered  decided  advantages.  He  was  satisfied 
to  accept  lUU  per  cent,  field  control  and  4  to  1  speed  variation 
with  a  three-wire  system  for  new  shops  now  under  construc- 
tion under  his  direction.  It  was  a  simple  system,  and  sim- 
plicity in  electrical  matters  was  very  desirable.  i\lr.  R.  H. 
Soule  considered  condensing  apparatus  for  power  plants  unde- 
sirable. He  also  mentioned  crane  service  as  one  absolute 
necessity  in  modern  shops.  Mr.  Soule  referred  to  the  absence 
of  large  cranes  in  the  new  shops  of  the  Great  Northern  at 
St.  Paul  as  an  interesting  development.  Mr.  Pomeroy  spoke 
in  favor  of  field  control  of  various  speed  motors,  it  being  com- 
mercially and  electrically  desirable.  The  maintenance  of  the 
horse  power  through  the  range  of  speeds  was  necessary.  Such 
motors  were  fully  developed  and  were  considered  standard 
commercially.  Such  motors  would  stand  much  higher  over- 
load at  the  low  than  at  high  speeds.  Variable  speeds  without 
loss  of  efficiency  were  important.  Variations  of  three  to  one 
on  two  wires  had  been  successfully  used  at  the  works  of 
Messrs.  Vickers  &  Maxim  in  England. 

Mr.  Vaughan  discussed  the  report  from  the  standpoint  of 
the  four-wire,  multiple  voltage  system  of  the  Crocker-Wheeler 
Co.,  at  the  Collinwood  shops.  He  emphasized  the  fact  that  the 
additional  shop  output  necessary  to  obtain  the  returns  from  a 
variable  speed  system  was  only  a  little  over  2^2  per  cent.;  if 
that  amount  of  increased  output  was  obtained  with  a  system  of 
speed  control,  the  additional  cost  was  fully  justified.  He  was 
positive  that  far  more  than  2%  per  cent,  was  obtained  because 
of  the  convenience  of  speed  changing  on  the  machines.  The 
machine  attendants  acquired  the  habit  of  changing  speeds  to 
suit  Hie  work,  and  thus  secure  the  maximum  output  of  ma- 
chines. He  considered  speed  control  one  of  the  most  valuable 
factors  obtainable  in  a  shop.  He  also  put  the  question  of  indi- 
vidual driving  squarely  "up  to  the  machine  tool  builders." 
If  machines  were  built  for  the  direct  application  of  motors 
at  the  same  price  as  for  belt  connection,  it  cost  no  more  for 
motors  than  for  belts,  shafting  and  accessories.  Tools  for 
variable  speed  motors  (not  for  expensive  gear  changes) 
should  be  no  more  expensive  than  belts  and  accessories. 
Tools  which  would  cost  f250  or  more  should  be  so  constructed. 
[This  is  a  new  view  of  individual  driving  which  is  as  impor- 
tant as  it  is  radical. — Editob.]  The  speaker  was  strongly  in 
favor  of  the  four-wire  system.  Four  wires  cost  little  more 
than  three  after  the  conduits  were  in.  Lighting  by  two  120 
volt  arc  lamps  in  series  was  entirely  satisfactory  at  Collin- 
wood. He  did  not  believe  that  commutation  would  be  satis- 
factory in  large  ranges  of  speeds  with  field  control  on  what 
he  called  the  standard  motor.  The  three-wire  system  did  give 
a  constant  horse  power  over  the  entire  range.  This  had  been 
considered  necessary,  but  the  speaker  was  not  sure  that  it 
was.  For  example,  it  required  nearly  three  times  as  much 
power  to  double  the  speed  of  a  planer,  and  further  informa- 
tion was  necessary.  For  a  load  factor,  he  had  found  30  per 
cent,  sufficient  to  cover  actual  practice. 

Locomotive  Front  Ends. — Mr.  Vaughan  spoke  of  the  Amebi- 
CA-N  Engineee  tests  as  establishing  the  conditions  of  the 
■front  end"  of  a  locomotive  of  the  size  of,  that  at  Purdue 
University  as  thoroughly  as  they  ever  would  be.  This  was 
a  good  basis  for  further  work,  applying  the  results  already 
obtained  to  larger  engines.    This  would  not  be  as  difficolt  or 
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elaborate  as  the  earlier  woik,  and  the  committee  wished  to 
be  continued  to  conduct  laboratory  tests  on  a  larger  engine. 
Mr.  P.  H.  Clark  (C,  B.  &  Q.)  reported  in  general  terms  the 
results  of  a  road  trial  of  the  formula  given  in  the  conclusion 
of  the  report.  This  work  showed  that  the  engine  steamed 
rather  more  freely  with  the  larger  stacks.  Mr.  Vaughan  also 
reported  on  road  tests  on  locomotives  with  54  and  74  in.  front 
ends,  in  which  it  was  found  that  the  formula  seem  to  apply 
to  larger  engines.  The  road  tests  were  not  yet  completed,  and 
the  report  next  year  will  probably  be  of  far  greater  value  than 
any  which  can  be  given  now.  Mr.  Quereau  believed  that  lab- 
oratory tests  only  could  give  conclusive  results.  He  believed 
the  work  to  be  in  good  hands  with  promise  of  good  results. 
The  committee  was  continued.  Before  the  vote  was  taken  a 
graceful  tribute  was  paid  the  Amekic.vn  Engineer  by  Profes- 
sor Goss  for  its  service  in  connection  with  the  conduct  of 
these  tests. 

Standard  Pipe  Unions. — This  committee  recommended  that 
the  association  should  appoint  a  delegate  to  attend  the  con- 
vention of  the  National  Association  of  Stationary  Engineers, 
to  co-operate  with  that  organization  with  reference  to  this 
subject.  Instead  of  doing  this,  the  association  at  once  adopted 
the  standard  which  was  presented  last  year,  thus  settling  the 
question  at  once  as  far  as  this  association  is  concerned. 

Ton-Mile  Statistics. — This  brief  report  will  be  presented  in 


abstract.  It  showed  that  the  usual  mileage  allowance  for 
switch  engines  was  about  twice  too  high.  Mr.  Fowler 
went  into  the  history  of  this  subject,  showing  that  the  present 
unit  was  the  result  of  averaging  a  number  of  guesses.  He  de- 
sired to  have  the  work  of  the  committee  continued  to  include 
tests,  by  a  convenient  recording  dynamometer,  to  secure  data 
as  to  the  actual  work  done  by  switch  engines.  Mr. 
Quereau  spoke  strongly  in  favor  of  ascertaining  facts  as  to  the 
cost  of  operating  this  equipment  and  thought  it  wrong  to 
perpetuate  the  practice  of  guessing  the  mileage.  He  would 
like  to  use  a  ton  mile  basis  in  order  to  show  what  switch  en- 
gines cost  in  terms  of  work  done,  but  did  not  know  how  to 
do  this.  If  this  equipment  costs  30  cents  per  mile  it  was  well  to 
know  it.  The  result  of  a  long  discussion  was  a  vote  to  con- 
tinue the  committee  for  positive  recommendation  next  year 
after  conference  with  the  American  Railway  Association. 

Mr.  L.  H..  Pomeroy  presented  an  interesting  discussion  with 
reference  to  the  state  of  the  art  in  the  subject  of  steam  tur- 
bines and  their  advantages  over  reciprocating  engines. 

The  following  officers  were  elected:  President,  W.  H.  Lewis; 
first  vice-president,  P.  H.  Peck;  second  vice-president,  H.  F. 
Ball;  third  vice-president,  J.  F.  Deems;  treasurer,  Angus 
Sinclair. 

After  tnis  action  this  very  successful  convention  adjourned. 


MASTER    CAR    BUILDERS'    ASSOCIATION. 


TniBTY-SEVENTH    AnNUAX,    CONVENTION,    SaKATOGA,    JdNE    29    TO 

July   1. 


The  convention  was  opened  by  the  president,  Mr.  J.  W. 
Marden,  with  what  appeared  to  be  the  largest  attendance  In 
the  history  of  the  association  and  larger  than  that  of  the 
Master  Mechanics'  Association.  The  convention  was  addressed 
by  Mr.  George  H.  Daniels,  of  the  New  York  Central.  Mr. 
Marden's  presidential  address  began  with  a  review  of  the  un- 
precedented commercial  condition  of  the  country.  Referring 
to  the  accomplishment  of  freight-car  interchange,  the  speaker 
said,  "Progress  should  be  our  watchword."  The  most  impor- 
tant work  at  hand  was  the  adoption  of  the  standard  car.  A 
high  tribute  was  paid  to  the  association  In  its  administration 
of  car  interchange  by  a  statement  of  the  fact  that  but  sixteen 
cases  had  been  submitted  to  the  Arbitration  Committee  during 
the  year.  The  speaker  also  reviewed  the  papers  and  reports 
individually. 

The  report  of  the  secretary  showed  a  total  membership  of 
534,  and  an  increase  of  119,923  cars  in  the  equipment  repre- 
sented. The  funds  on  hand  amounted  to  $6,883.29,  with  no 
unpaid  bills. 

Mr.  E.  A.  Moseley,  of  the  Interstate  Commerce  Commission, 
in  an  address  presented  an  argument  for  interchangeability 
in  couplers,  basing  it  upon  a  legal  case  involving  a  Miller  and 
M.  C.  B.  coupler  between  a  locomotive  tender  and  a  dining  car. 
The  new  law  would  cover  such  cases,  and  the  safety-appliance 
law  would  soon  cover  all  cars.  He  quoted  figures  to  show  the 
effect  of  the  safety-appliance  law  in  decreasing  the  injuries 
and  fatalities  in  railroad  service.  A  more  rigid  compliance 
with  the  law  was  being  demanded  by  organizations  of  em- 
ployees, and  the  speaker  desired  to  direct  the  attention  of  the 
association  to  this  fact  and  to  the  necessity  for  keeping  equip- 
ment up  to  the  highest  standard  as  to  safety  appliances. 
Septemuer  1  would  see  a  radical  change  in  the  law  which 
will  compel  proper  maintenance  in  this  respect.  Incident- 
ally, Mr.  Moseley  gave  deserved  credit  to  Mr.  M.  N.  Forney  for 
a  large  part  in  the  development  of  construction  and  methods 
to  reduce  the  dangers  to  which  trainmen  are  exposed.  Mr. 
Moseley  wished  to  include  in  the  safety-appliance  law  the 
standard  and  recommended  practices  of  the  association,  and 
hoped  this  might  be  accomplished.  It  was  ordered  that  a 
committee  be  appointed  to  confer  with  the  Interstate  Com- 
merce Commission  upon  safety  appliances,  and  that  this  com- 
mittee be  continued  from  year  to  year. 


TOPICAL  DISCUSSIONS. 

Four-wheel  vs.  Six-wheel  Trucks  for  Passenger  Cars. — Mr. 
W.  P.  Appleyard  stated  that  the  New  York,  New  Haven  & 
Hartford  was  running  60-ft.  passenger  cars  on  four-wheel 
trucks  with  satisfactory  results,  the  cars  weighing  from  70,000 
to  80,000  lbs.,  and  had  4^4  by  S-in.  journals.  Satisfactory  ex- 
perience with  four-wheel  truclcs  was  reported  from  the  Santa 
Fe  and  the  Jersey  Central.  They  seemed  to  be  satisfactory 
where  used. 

Ideal  Arrangement  for  Repair  Shops  of  Small  Capacity. — 
Mr.  G.  N.  Dow  described  the  repair-shop  facilities  on  the  Lake 
Shore  at  Ashtabula,  Ohio,  where  2,500  cars  are  handled  per 
day.     This  plant  will  be  referred  to  again. 

Modification  in  Height  of  Drop  for  Testing  Axles. — Mr.  E.  D. 
Nelson  showed  that  the  M.  C.  B.  drop  tests  are  too  severe  for 
iron  axles,  which  had  led  to  complaints  from  manufacturers. 
He  had  found  by  investigation  that  comparatively  few-  iron 
axles  were  made  outside  of  railroad  shops,  and  did  not  recom- 
mend a  change.  He  thought  it  advisable  to  secure  uniformity 
in  axles  of  iron  and  steel.  The  discussion  showed  that  it  was 
becoming  difficult  to  obtain  scrap  axles;  that  while  they  would 
not  stand  tests  as  well  as  steel,  they  seldom  failed  in  service. 
This  discussion  may  perhaps  be  considered  as  the  "last  wail" 
of  scrap-iron  axles  as  far  as  discussions  before  this  association 
are  concerned. 

Steel  Cars. — Mr.  A.  L.  Humphrey  opened  the  discussion  by 
predicting  that  in  a  few  years  no  cars  other  than  steel  will 
be  built.  He  had  found  composite  cars  of  steel  and  wood  as 
satisfactory  as  all  steel  cars  as  to  repairs.  The  all  steel  car 
was  better  able  to  withstand  wrecks.  He  had  found  more 
corrosion  in  the  case  of  composite  cars.  A  feteel  frame  box 
car  was  considered  a  possibility.  The  speaker  believed  that 
the  time  of  the  steel  car  had  arrived.  Attention  was  needed 
to  provide  adequate  draft  gear  and  prevent  corrosion.  Steel 
cars  were  here  to  stay,  and  corrosion  must  be  provided  for. 
The  speaker  considered  corrosion  as  vitally  important.  Mr. 
Sanderson  made  a  point  of  the  fact  that  composite  cars  need 
not  weigh  more  than  all  steel  cars. 

Mr.  Seley  spoke  favorably  of  composite  construction.  He 
thought  it  proper  to  lay  aside  the  theory  that  the  underframe 
should  carry  all  the  load.  He  believed  it  desirable  to  utilize 
the  side  framing  as  trusses  to  aid  in  carrying  the  load.  He 
cited  the  Weights  and  experience  on  the  Norfolk  &  Western 
with  composite  construction.  (This  series  of  cars  has  been 
illustrated  in  this  journal. — Editor.)  The  weights  and  per- 
formance   were    satisfactory.       The  trussed  steel  side  frame 
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box  cars  on  that  road  liad  not  been  at  the  shop  for  repairs. 
Steel  frames  for  box  cars  were  also  considered  necessary  in 
order  to  provide  proper  strength  for  the  end  construction. 
The  only  steel  underframe  car  the  speaker  would  build  would 
be  a  flat  car.  His  preference  was  distinctly  for  composite  con- 
struction. The  cost,  the  proportion  of  revenue  load,  the  labor 
required  for  repairs  were  all  favorable  to  that  construction. 
The  speaker  referred  to  the  report  of  cost  of  repairs  of  com- 
posite cars  on  the  Norfolk  &  Western  as  stated  by  Mr.  W.  H. 
•  Lewis  in  our  June  issue.  Mr.  Seley  had  found  no  serious 
corrosion  in  the  framing  of  Norfolk  &  Western  cars  after  two 
years'  service.  Painting  was  Important.  He  presented  the 
claims  of  the  composite  car  from  the  standpoint  of  success- 
ful and  entirely  satisfactory  practice  and  based  his  opinion 
upon  experience  with  a  series  of  designs  of  his  own.  These 
facts  were  not  as  plainly  stated  as  this,  but  the  opinions  are 
well  founded  and  well  and  definitely  supported  by  experience. 

Mr.  Ball  wished  to  see  the  association  go  on  record  in  favor 
of  steel  members  in  underframes  to  take  care  of  buffing  and 
pulling  stresses.  Mr.  Bentley  did  not  believe  corrosion  a 
serious  matter.  His  experience  covered  16,000  steel  cars.  Mr. 
Mcintosh  said  tnat  the  exterior  surface  of  cars  could  be  pro- 
tected from  corrosion  by  painting,  and  the  inside  would  take 
care  of  itself.  He  considered  this  question  a  "bugbear."  Mr. 
Mendenhall  said  that  it  would  pay  to  build  steel  cars  if  they 
were  to  be  thrown  away  after  five  years,  because  of  the  addi- 
tional carrying  capacity. 

INDIVIDUAL  PAPERS. 

A  Review  of  Decisions  of  the  Arbitration  Committee,  an  in- 
dependent paper  by  G.  L.  Fowler. — The  record  of  the  work 
of  this  committee  for  twenty-four  years  is  characterized  as 
"an  unbroken  record  of  consistency,  equity  and  justice."  The 
author  of  the  paper  pays  high  tribute  to  the  committee,  to  its 
members  and  to  the  association  for  the  high-minded  adminis- 
tration of  the  difficult  work  of  arbitration,  which  had  rendered 
possible  the  present  interchange  methods.  The  paper  analyzes 
the  decisions  of  the  more  than  600  cases  ruled  upon  and  dis- 
cusses the  underlying  principles  involved.  These  center  about 
the  defect  card  as  an  authorization  for  making  repairs,  the 
principle  of  inspection  for  safety,  the  responsibility  of  owners, 
the  basis  of  repairs  as  a  courtesy  and  not  a  money-making 
possibility,  the  use  of  wrong  material  and  other  well-known 
tenets  of  the  rules.  One  effect  of  the  paped  will  be  an  awak- 
ening of  appreciation  of  the  admirable  work  of  the  arbitration 
committee,  another  will  be  a  better  understanding  of  some 
of  the  principles  mentioned. 

The  Metric  System. — Mr.  Sinclair  read  the  same  paper  before 
both  associations.  This  has  already  been  mentioned  in  the 
report  of  the  discussions  at  the  Master  Mechanics'  Convention. 
The  resolutions  offered  ii  the  paper  were  adopted  after  a  very 
brief  discussion,  and  the  subject  disposed  of.  The  metric 
system  was  emphatically  "turned  down"  by  both  associations. 

Discussions  of  committee  reports. 

Tests  of  M.  C.  B.  Couplers. — This  report  described  the  new 
coupler  drop  testing  machine.  A  separate  knuckle  test  was 
recommended,  and  a  revision  of  the  coupler  specifications  pro- 
posed. In  order  to  increase  the  strength  of  coupler  changes 
in  the  contour  seemed  to  be  necessary,  and  it  was  recom- 
mended that  this  be  done  by  progressive  changes.  The  com- 
mittee favored  the  "improved  lines"  of  the  Buckeye  Malleable 
Iron  &  Coupler  Company. — This  discussion,  and  in  fact, 
the  report  itself,  was  chiefly  concerned  with  the  construction 
of  couplers  and  attachments  for  pulling  cars  out  of  sharp 
curves  when  the  knuckle  slots  and  pin-holes  are  abandoned. 
Several  speakers  argued  for  a  more  perfect  fit  between 
knuckles  and  couplers.  A  machine  job  instead  of  rough  fitting 
was  desired.  The  holes  should  be  drilled  and  the  pins  turned. 
The  committee  recommended  an  increase  in  deflection  in  the 
guard  arm  test.  The  minimum  weight  specified  in  previous 
specifications  was  omitted.  A  new  jerk  test  was  suggested, 
which  would  permit  of  submitting  the  test  to  one  instead  of 
two  couplers  at  a  time.  The  committee  wished  to  secure  a 
satisfactory  unlocking  device  with  a  rod  to  Be  operated  from 


both  ends  of  the  end  sills  and  wished  to  continue  efforts  In 

this  direction.  The  solid  knuckle  problem  was  believed  to  be 
solved  by  the  device  suggested  by  the  committee  and  the  Imme- 
diate abolition  of  the  knuckle  slot  and  pin-hole  was  urged. 
The  recommendations  of  the  committee  were  ordered  sub- 
mitted to  letter  ballot. 

Outside  Dimensions  of  Box  Cars. — This  committee  submitted 
ilrawings  of  proposed  construction  of  a  standard  car.  (above 
the  floor  framing)  asking  for  criticisms.  The  design  was 
made  to  correspond  with  the  inside  limits  of  the  American 
Railway  Association  and  the  outside  dimensions  recommended 
last  year.  In  the  discussion  several  members  expressed  the 
opinion  that  end  construction  of  cars  were  almost  always  too 
weak.  Very  heavy  construction  should  extend  up  at  least  2 
feet  above  the  floor.  The  committee  explained  that  the  draw- 
ings were  submitted  merely  to  secure  discussion.  A  discussion 
of  details  of  construction  of  a  standard  car  has  actually  be- 
gun. On  this  fact  the  association  is  heartily  congratulated. 
The  committee  was  continued  for  further  report  next  year 
upon  the  design  of  car  framing  above  the  floor. 

Standard  Pipe  Unions. — This  report  is  the  same  as  that  pre- 
sented to  the  Master  Mechanics'  Association,  being  a  joint 
paper  submitted  to  both  associations.  Mr.  Quereau  was  the 
chairman  of  both  committees.  The  recommended  standard 
was  ordered  submitted  to  letter  ballot. 

Steam  and  Air  Line  Connections. — Mr.  Bell  explained  the 
reason  for  recommending  2-in.  steam  lines.  At  times  from 
15  to  20  minutes  is  required  to  get  steam  through  long  trains 
at  terminals  where  engines  are  changed,  and  this  would  be 
reduced  by  the  use  of  the  larger  pipe.  A  hose  larger  than 
1%  in.  inside  diameter  was  not  considered  desirable.  An 
opening  of  I'/i  in.  through  the  gaskets  of  couplings  was  recom- 
mended. Mr.  Seley  characterized  the  report  as  marking  a 
radical  reconstruction  of  practice  in  car  heating  by  steam.  He 
pointed  out  the  fact  that  construction  difficulties  must  be  met. 
The  recommendations  of  tne  committee  were  approved  and 
the  questions  of  location  of  connections  and  size  of  couplers 
were  submitted  to  letter  ballot  as  a  recommended  practice. 

Pedestal  and  Journal  Box  for  5  by  9  in.  Journals. — The 
report  was  at  once  referred  to  letter  ballot  as  recommended 
practice. 

Standard  High  Speed  Foundation  Brake  Gear. — This  report 
will  appear  in  abstract.  Mr.  E.  M.  Herr  paid  the  committee  a 
compliment  upon  the  report.  Mr.  Seley  thought  it  entirely 
feasible  to  make  some  of  the  parts  of  malleable  iron  without 
increasing  weight.  The  recommendations  were  submitted  to 
letter  ballot  as  recommended  practice. 

Proper  Design  and  Construction  of  Tank  Car  Equipment. — 
This  report  was  not  printed  in  advance.  It  contained  a  state- 
ment of  the  elements  of  safe  construction,  covering  the  con- 
struction and  fastenings  of  tanks  and  frames  and  the  pro- 
vision of  safety  valves.  It  showed  tank  car  practice  to  be  in 
a  very  unsatisfactory  condition  and  offered  recommendations 
and  plans  for  construction.  This  was  an  admirable  report 
and  very  interesting.  It  included  tests  on  safety  valves  to 
provide  relief  from  dangerous  pressure.  The  report  was  In- 
dorsed and  ordered  submitted  to  the  American  Railway  Asso- 
ciation. It  will  undoubtedly  result  in  putting  tank  car  practice 
in  good  shape.  It  was  stated  that  the  Union  Tank  Line  would 
go  into  the  improvement  of  its  equipment  in  accordance  with 
the  recommendations  of  this  extremely  able  report. 

Supervision  of  Standards  and  Recommended  Practice.— This 
report  presented  a  few  changes  of  minor  importance.  It  sug- 
gested a  change  to  maKe  Sheet  19  consistent  with  the  cor- 
responding test,  and  a  change  of  reference  figures  on  the  air- 
brake defect  and  to  letters.  The  committee  entered  a  protest 
against  unnecessary  changes.  The  recommendations  of  the 
committee  were  ordered  submitted  to  letter  ballot. 

Side  Bearings  and  Center  Plates. — The  conclusions  of  this 
report  will  be  presented  next  month.  Upon  a  motion,  the 
center  plate  proposed  by  the  committee  was  referred  to  the 
committee  for  complete  data  as  to  contour. 
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Draft  Gear. — This  committee  presented  a  voluminous  report 
of  tests  last  year,  and  was  instructed  to  report  upon  the  ser- 
vice of  draft  gear  this  year.  A  record  of  service  has  been  in- 
augurated, but  it  was  thought  necessary  to  wait  for  at  least 
two  years  before  attempting  to  compare  information  with 
reference  to  cost  of  maintenance.  Therefore,  no  attempt  was 
made  to  submit  suggestions  to  be  adopted  as  recommended 
practice.     The  committee  was  continued  for  report  next  year. 

Cast  Iron  Wheels. — Mr.  Waitt  considered  it  very  important 
to  secure  a  conference  between  the  committee  and  the  manu- 
facturers of  wheels.  Mr.  Linstrom  criticised  the  designs  of 
the  wheels.  The  committee  was  continued  to  confer  again 
with  the  manufacturers  for  further  report  next  year. 
INTERCHANGE  RULES. 

The  leading  question  involved  the  following  suggestion  from 
the  Western  Railway  Club  with  reference  to  Rule  2  of  the 
Interchange  Rules: 

"Empty  cars  offered  in  interchange  must  be  accepted  if  in 
safe  and  serviceable  condition,  the  receiving  road  to  be  the 
judge  in  cases  not  provided  for  in  Rules  3  to  54,  inclusive. 
Loaded  cars  offered  in  interchange  must  lie  accepted.  If  not 
in  safe  and  serviceable  condition,  the  receiving  road  to  trans- 
fer the  load  at  its  expense." 

The  question  was  generally  considered  as  being  beyond  the 
jurisdiction  of  the  association.  A  roll  call  vote  on  submitting 
the  question  of  letter  ballot  was  decided  adversely.  The  de- 
cisions, throughout,  were  in  accordance  with  the  recommenda- 
tions of  the  arbitration  committee.  The  entire  discussion 
occupied  exactly  two  hours,  and  no  radical  or  very  important 
changes  were  made. 

ELECTION  OP  OFFICERS. 

President,  F.  W.  Brazier;  first  vice-president,  W.  P.  Apple- 
yard;  second  vice-president.  Joseph  Buker;  third  vice-presi- 
dent, W.  E.  Fowler;  treasurer,  John  Kirby. 

The  convention  adjourned. 

PERSONALS. 

Mr.  Arthur  H.  Fetters  has  been  appointed  assistant  mechani- 
cal engineer  of  the  Union  Pacific  Railroad,  with  headquarters 
at  Omaha.  He  has  held  the  position  of  chief  draughtsman  for 
several  years. 


iMr.  J.  A.  Doarnberger  has  been  elected  president  of  the 
International  Railway  Master  Boiler  Makers'  Association.  He 
is  master  boiler  maker  of  the  Norfolk  ft  Western  Railway  at 
Roanoke,  Va. 


Mr.  E.  B.  Thompson  has  been  appointed  master  mechanic 
of  the  Minnesota  and  Dakota  division  of  the  Chicago  &  North- 
western, with  headquarters  at  Winona,  Minn.,  having  been 
transferred  from  the  Iowa  and  Minnesota  division  at  Mason 
City,  Iowa.  He  is  succeeded  at  Mason  City  by  Mr.  William 
Hutchinson,  transferred  from  Winona. 


Mr.  J.  E.  Muhlfeld,  recently  appointed  general  superintend- 
ent of  motive  power  of  the  Baltimore  &  Ohio,  has  had  a  re- 
markable record  of  promotion.  He  was  born  in  1872,  and  was 
educated  at  Purdue  University,  where  he  was  graduated  in 
mechanical  engineering  in  1892.  His  first  railroad  service  was 
in  the  shops  of  the  Wabash  Railroad  at  Fort  WajTie.  After 
serving  as  machinist  apprentice,  locomotive  fireman,  round- 
house foreman  and  general  foreman  on  that  road,  he  went  to 
the  Grand  Trunk  in  1899  as  master  mechanic  at  Port  Huron, 
and  was  afterward  master  mechanic  at  Montreal.  In  1901  he 
resigned  to  become  superintendent  of  motive  power  of  the  In- 
tercolonial of  Canada.  In  October,  1902,  he  went  to  the  Balti- 
more &  Ohio  as  assistant  to  the  general  superintendent  of  mo- 
tive power,  and  last  February  was  appointed  superintendent  of 
motive  power  at  Newark,  Ohio.  He  was  promoted  to  his  pres- 
ent position  June  1.  He  Is  undoubtedly  the  youngest  ofiicial 
ever  appointed  to  a  position  of  such  responsibility. 


Mr.  W.  H.  Marshall  has  been  appointed  general  manager 
of  the  Lake  Shore  &  Michigan  Southern  Railway  and  the  sub- 
sidiary lines.  Since  the  death  of  Mr.  P.  S.  Blodgett  last  Octo- 
ber Mr.  Marshall  has  been  carrying  the  responsibilities  of 
management  as  general  superintendent.  Mr.  Marshall  has 
had  a  very  unusual  career.  He  began  as  machinist  apprentice 
in  the  Rhode  Island  Locomotive  Works  and  without  the  ad- 
vantages of  a  technical  school  training  became  mecnanical 
engineer  of  the  works.  After  spending  about  eight  years  in 
newspaper  and  consulting  engineering  work,  he  entered  rail- 
road service  May  1,  1897,  as  assistant  superintendent  of  motive 
power  of  the  Chicago  &  Northwestern.  This  was  six  years 
ago.  Since  that  time  he  has  been  superintendent  of  motive 
power  and  general  superintendent  of  the  Lake  Shore.  His 
success  is  due  to  ability,  good  judgment  and  strong  personal 
traits  which  enable  him  to  surround  himself  with  efficient 
and  loyal  subordinates.  This  journal  announces  his  appoint- 
ment with  pride  because  of  his  former  connection  with  it. 
People  like  to  see  such  men  achieve  the  highest  success,  be- 
cause they  deserve  it. 


EDWARD    GRAFSTROM. 


Those  who  knew  him  will  not  be  surprised  to  know  that  in 
the  emergency  occasioned  by  the  recent  floods  in  Topeka,  Mr. 
Grafstrom  took  an  active  part  in  efforts  to  rescue  those  whose 
lives  were  endangered,  but  it  was  a  shock  to  all  his  friends 
to  know  that  after  saving  77  people  in  a  small  launch  he  was 
lost  in  the  river.  Mr.  Grafstrom  was  in  charge  of  a  boat  built 
in  the  railroad  shops  at  Topeka  for  rescue  work,  and  in  re- 
turning for  the  last  time  on  June  2  across  the  river,  the  boat 
was  caught  in  the  rapid  water  and  capsized.  All  were  saved 
except  Mr.  Grafstrom.  He  was  an  accomplished  mechanical 
engineer  and  from  natural  ability,  training  and  experience  was 
an  oflicer  whose  loss  will  be  felt  when  such  men  are  so  greatly 
needed  on  our  railroads.  Readers  will  miss  his  contributions 
to  this  journal.  He  was  a  man  of  wide  acquaintance  and  at- 
tractive personality,  uniformly  courteous  and  of  distinguished 
appearance.  He  was  a  native  of  Sweden,  and  though  a  resi- 
dent of  this  country  for  twenty  years,  remained  a  subject  of 
King  Oscar,  to  whom  he  owed  his  education.  His  first  posi- 
tion in  this  country  was  in  the  shops  of  the  Pennsylvania  at 
Altoona.  In  1886  he  went  to  Columbus,  and  in  1892  became 
mechanical  engineer  under  Mr.  S.  P.  Bush,  then  superintendent 
of  motive  power.  In  1899  he  went  to  the  Illinois  Central  as 
mechanical  engineer  and  soon  afterward  entered  the  service 
of  the  Santa  Fe  in  the  same  capacity.  He  held  this  position 
at  the  time  of  the  accident  in  which  he  sacrificed  himself  in 
an  effort  to  save  others. 

The  nobility  of  his  act  and  his  response  to  the  appeals  of 
those  who  were  in  the  greatest  danger  for  days  are  impressive 
and  altogether  fine.  He  was  lost  in  the  culmination  of  his 
character. 

His  friends  have  inaugurated  a  memorial  fund  to  which  the 
members  of  the  Master  Mechanics'  and  Master  Car  Builders' 
Associations  and  others  will  have  an  opportunity  to  contribute. 
Mr.  S.  P.  Bush  of  the  Buckeye  Malleable  Iron  &  Coupler  Com- 
pany, Columbus,  Ohio,  is  treasurer.  He  was  associated  with 
Mr.  Grafstrom  for  many  years  and  that  the  fund  may  be  a 
large  one  is  the  hope  of  all  of  Mr.  Grafstrom's  friends  and 
associates. 

Contributions  may  be  sent  to  this  journal  for  transmission 
to  Mr.  Bush. 


An  efficiency  of  1.6  per  cent,  in  a  mechanical  and  chemical 
process  is  very  low  and  it  at  once  suggests  a  great  opportunity 
for  improvement.  This  is  the  figure  given  in  the  paper  by  Mr. 
R.  P.  Bolton,  before  the  American  Society  of  Mechanical  Engi- 
neers, as  the  etficiency  of  the  combined  system  of  apparatus 
from  furnace  to  load  in  operating  the  passenger  elevator  sys- 
tem at  Macy's  department  store  in  New  York  City.  This  1.6 
per  cent,  is  the  proportion  of  heat  in  the  fuel  represented  by 
the  live  load  traveled.    The  elevator  system  is  hydraulic. 


July,  1903.     AMERICAN  ENGINEER  AND  RAIJLROAD  JOURNAL.      287 


40-TON    COMPOSITE    GONDOLA    COAL     CARS. 


WITH   TRUSSED   BIDE  FBAMES. 


Having  had  occasion  to  design  a  steel"  frame  coal  car  on  the 
lines  of  the  Pennsylvania  class  G-n  gondola,  similar  to  those 
in    use   by   the    Berwind-White   Coal    Mining   Company,    Mr. 


steel  construction.  In  this  he  agrees  with  those  who  were 
responsible  forthe  adoption  of  composite  construction  on  thg 
Norfolli  &  Western.  In  fact,  Mr,  King  says:  "The  general 
type  of  frame  follows  the  lines  laid  down  by  Mr.  Seley,  for- 
merly of  the  Norfolk  &  Western.  I  am  frank  to  say  that  noth- 
ing better  has  yet  come  under  my  observation." 
The  Norfolk  &  Western  constructiou  was  described  In  thi« 
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DESION   FOR    .V    4(1-T0N    COMPOSITE    GONDOLA   COAL   CAB. 


George  I.  King,  of  the  Middletown  Car  Works,  has  sent  a 
drawing  showing  how  easily  steel  frames  may  be  applied 
without  changing  the  general  dimensions  or  the  trucks.  The 
steel  structure  is  built  into  or  around  the  wooden  structure 
with  a  simple  substitution  of  steel  for  wood  In  the  sills  and 
sides.  Instead  of  pressed  steel  side  stakes,  trusses  of  angles, 
channels  and  plates  are  used.  These  help  to  carry  the  load. 
The  center  sills  are  15-in.,  33-lb.  channels;  the  side  sills  are 
10-in.,  15-Ib.  channels  and  the  end  sills  are  5-16-in.  plates.  The 
drawing  shows  the  construction  of 
the  bolsters  and  side  frames  and  the 
sizes  of  the  members  are  indicated. 
To  support  the  hoppers,  3  by  1  in. 
straps  are  used  and  the  floors  of 
the  hoppers  are  stiffened  by  4  by 
3%  by  %  in.  angles. 

This  is  not  intended  as  a  finished 
design,  but  a  study  in  the  applica- 
tion of  steel  in  this  way.  Mr.  King 
believes  that  the  steel  frame  offers 
a  good  many  advantages  over  all 
steel  construction  for  coal  carry- 
ing equipment,  particularly  from 
rosion.  He  is  inclined  to  think  that  the  life  of  the  ail- 
steel  car  for  coal  will  be  much  shorter  than  originally 
estimated,  for  reasons  which  are  inherent  in  the  nature  of  the 
service.  Steel  frames  with  wood  sides  and  floors  can  be  built 
for  less  cost  than  all  steel  cars  and  the  elements  of  the  struc- 
ture supplying  strength  and  durability  are  protected  from  the 
scouring  action  of  the  coal.  If  properly  painted,  when  first 
put  in,  these  members  should  last  much  longer  than  the  all- 


journal  in  June,  1899,  page  187;  April,  1900,  page  100;  February, 
1901,  page  42;  May,  1902,  page  140  and  June,  1902,  page  181. 


A    FILLET    TOOL    FOR    CAR    AXLES. 


This  device  was  developed  by  Mr.  R.  D.  Fildes,  foreman  of 
the  car  department  machine  shop  of  the  Lake  Shore  &  Michi- 
gan Southern  Railway  at  Englewood,  111.  It  is  used  to  turn 
up  journal  fillets  when  they  are  worn  and  the  journal  itself 


VIEW   or  THE  FILLET  TOOL  IN   ITS  GUIDING   SHELL  AND     METHOD   OF    APPLYI.NG   IN   THE  LATHE. 


the    Standpoint    of    cor- 


does  not  require  turning.  If  the  journal  is  worn  out  of  true, 
even  slightly,  the  fillet  cannot  be  turned  up  on  the  lathe 
without  turning  up  the  whole  journal  as  well.  This  device 
goes  in  the  lathe  and  the  small  tool  in  one  of  the  halves  of 
the  shell,  which  closely  resembles  a  pair  of  bearing  brasses,  is 
used  to  turn  the  fillet,  making  it  true  with  the  journal.  The 
engravings  show  the  shell,  the  key  for  holding  the  two  parts 
in  place  and  the  device  put  together  in  the  lathe  ready  for 
service. 
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HALF    CROSS     SECTION    OF    LOCOMOTIVE    SHOP. 
PBOrOSED   NEW   LOCOIIOTIVE   SHOPS   AT   SAYRE,   PA. — LEHIOH   VALLEY    RAILROAD. 


PROPOSED    SHOPS -LEHIGH    VALLEY    RAILROAD. 


At  Sayre,  Pa. 


A  brief  statement  of  the  plan  for  the  new  shops  of  this  road 
at  Sayre  was  made  last  month.  Mr.  Berg  has  furnished  draw- 
ings of  the  proposed  ground  plan  and  sections  of  the  principal 
buildings,  which  are  presented  as  indicating  the  interesting 
character  of  the  main  building.  This  arrangement  gives 
unique  crane  service,  as  shown  by  the  section. 

The  roof  construction  of  such  a  building  presents  an  inter- 
esting problem.  Over  the  erecting  shop  bays  a  monitor  with 
inclined  sides  will  furnish  light  and  ventilation.  The  roof  in- 
termediate between  these  bays  will  be  of  saw-tooth  construc- 
tion and  will  be  supported  by  columns,  as  indicated.  These 
columns  will  furnish  supports  for  countershafting  and  thus 
permit  of  keeping  the  belting  out  of  the  way  of  the  cranes. 

The  locomotive  shop  buildings  will  be  the  first  to  be  com- 
pleted. The  main  locomotive  shop  will  have  an  erecting  shop 
with  48  erecting  pits,  divided  into  east  and  west  sections,  each 
section  being  60  x  627  ft.  Between  the  two  sections  will  be 
the  machine  shop,  156  x  627  ft.  At  one  end  of  the  building 
will  be  the  boiler  shop,  121  x  366  ft.  The  machine  shop  will 
be  divided  into  two  bays,  each  60  ft.  wide,  and  a  central  bay 
36  ft.  wide.  The  central  bay  will  have  a  gallery  over  it  for  the 
heating  apparatus,  toilets,  lavatories,  lockers,  etc.  The  space 
under  the  gallery  will  be  utilized  for  small  machinery,  bench 
work,  link  and  motion  work,  tool  room,  etc.  Between  each 
erecting  shop  and  the  machine  shop  there  is  a  42-ft.  space, 
627  ft.  long,  called  a  covered  yard.  This  space  is  to  be  used 
as  an  overflow  storage  ground  for  both  the  erecting  and  ma- 
chine departments,  making  a  conveniently  located  space  inside 
the  building  in  place  of  an  open  yard  outside  the  building  for 
storage  of  dismantled  parts  and  miscellaneous  materials.  In 
this  space  will  be  located  the  storage  pits,  lye  vats,  tire  shrink- 
ing platforms,  etc.  This  plan  gives  the  result  that  all  locomo- 
tive repair  work,  with  exception  of  blacksmith  and  forge  work, 
will  be  conducted  in  one  large  building,  with  overhead  craneF 
serving  all  important  points. 

The  erecting  shop  is  designed  as  a  transverse  shop  with 
heavy  overhead  traveling  cranes  for  transferring  engines  over 
others  standing  on  the  pits.  This  system  corresponds  to  the 
practice  of  the  most  recently  built  large  locomotive  repair 
plants  of  the  Philadelphia  &  Reading,  at  Reading,  Pa.;  the 
Lake  Shore  &  Michigan  Southern,  at  Collinwood,  O.,  and  the 
Pittsburgh  &  Lake  Erie,  at  McKees  Rocks,  Pa. 


The  capacity  of  the  overhead  cranes  in  the  erecting  shop 
will  be  120  tons  on  the  upper  level  and  15  tons  on  the  lower 
level.  The  overhead  cranes  in  the  machine  shop  and  covered 
yards  will  have  a  capacity  of  15  tons.  All  the  cranes  will  ex- 
tend into  the  boiler  shop. 

The  details  of  the  power  plant  and  machinery  have  not  been 
finally  determined.  All  power  transmission  and  lighting  will 
be  by  electricity.  The  machinery  in  the  machine  shop  will  be 
driven  by  a  combination  of  individual  and  group  drives. 

Ample  provision  has  been  made  for  future  extensions  and 
additions,  and  the  new  buildings  will  be  grouped  in  connection 
with  the  present  buildings  so  as  to  give  a  practical  and 
economically  working  shop  plant.  The  buildings  will  generally 
have  concrete  foundations,  brick  walls,  steel  frame  and  roof 
trusses,  covered  with  slag  roofing  laid  on  armored  concrete. 
The  floors  will  be  generally  wood  on  concrete  beds.  In  the 
higher  grade  buildings  the  top  floor  will  be  maple,  in  other 
buildings  yellow  pine.  The  blacksmith  shop  and  part  of  the 
boiler  shop  will  have  cinder  floors.  Side  windows  will  have 
plain  glass  and  in  the  main  locomotive  shop  factory  ribbed 
glass.  Roof  lights  and  monitor  lights  will  be  wired  glass.  The 
heating  of  the  main  shop  will  be  by  a  hot  air  blower  system, 
the  fans  being  run  by  motors  and  the  heater  units  supplied 
with  exhaust  steam  from  the  power  plant.  All  other  buildings 
will  be  heated  by  direct  steam  radiation.  All  pipes  and  main 
wiring  will  be  conducted  from  the  central  power  plant  through 
an  underground  tunnel  and  ducts  to  the  various  buildings. 
Proper  provision  will  be  made  for  water  supply,  fire  service, 
drainage,  sewerage,  sanitary  arrangements,  etc. 

The  design,  construction  and  equipment  of  the  new  shops 
will  be  in  charge  of  Walter  G.  Berg,  chief  engineer,  and  H.  D. 
Taylor,  superintendent  motive  power. 


The  British  Westinghouse  Company  are  building  for  the 
Metropolitan  District  Railway  of  London  four  turbo  alter- 
nators, each  having  a  normal  capacity  of  5,500  kw.  and  de- 
signed for  50  per  cent,  overload,  which  will  give  a  maximum 
capacity  of  8,250  kw.,  or  approximately  11,000  h.p.  each.  The.""", 
will  be  the  largest  turbines  ever  built,  and  no  larger  single- 
cylinder  engines  have  ever  been  constructed.  In  fact  there 
are  few  engines  of  any  kind  having  greater  power.  The 
space  occupied  by  each  unit  will  be  29  x  14  x  12  ft.  high.  The 
turbines  will  operate  with  steam  at  165  lbs.  per  square  inch 
and  will  make  1,000  revolutions  per  minute. 
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THE  PIECE-WORK  SYSTEM  FROM  A   PIECE-WORKER'S 
STANDPOINT. 


Br  H.  B.  Kei'NEE. 


(Concluded  from  page  233.) 


tCopyrigbt,    19US,    by   H.    B.    Kepner.) 


It  is  not  the  desire  nor  purpose  of  the  promoters  of  piece- 
work to  pay  less  than  any  work  is  worth  at  any  time.  As  a 
master  mechanic  of  considerable  note  and  experience  recently 
instructed  his  inspector  not  to  be  obstinate  with  his  men  and 
"in  any  dispute  of  a  small  difference  of,  say,  three  or  four 
cents,  though  you  may  be  sure  he  is  not  entitled  to  it,  yet  if  he 
believes  he  is,  pay  him  and  always  in  a  matter  of  doubt,  give 
the  workman  the  benefit  of  the  doubt." 

Does  this  instruction  from  the  promoters  of  piece-work  look 
as  if  they  desired  to  oppress  or  grind  down  the  workman? 
And  do  you  think  that  his  men  would  wilfully  take  advantage 
of  his  fine  sense  of  justice,  even  to  the  amount  of  three  or 
four  cents?  I  should  answer,  no.  For  being  a  workman  of  long 
association  with  workmen,  I  know  there  is  too  much  of  genu- 
ine worth  in  the  make-up  of  even  the  most  ordinary  shop  man 
to  ignore  such  kindness.  And  would  you  censure  the  master 
mechanic  as  being  partial  towards  the  interests  of  the  men? 
Again  I  would  answer,  that  he  is  most  loyal  to  the  interests  of 
his  employer  when  he  is  most  solicitous  as  to  the  welfare  of 
his  workmen.  For  he  is  thereby  meriting  their  highest  esteem 
and  drawing  from  them  the  best  there  is  in  them,  both  in 
service  and  manhood. 

But  I  would  be  digressing  to  go  further  than  this,  to  illus- 
trate that  it  is  illogical  to  expect  less  fair  treatment  under  the 
piece-work  system  than  is  received  under  the  day-work  system. 
When  the  workmen  are  once  convinced  that  they  are  to  be 
treated  with  justice  in  every  respect,  the  dread  of  piece-worK 
will  vanish  and  the  men  will -feel  freer  to  put  forth  their  best 
efforts  and  quit  worrying  about  the  reduction  of  prices,  bu: 
instead  will  be  ready  with  suggestions  as  to  their  adjustment 
until,  as  water  seeks  its  level,  prices  will  gradually  become 
fixed  at  a  fair  and  equitable  standard.  The  men  themselves 
will  assist  in  regulating  prices,  conceding  to  adjustment  of 
prices  that  are  too  high  as  often  as  the  inspector  may,  in  cases 
wiiere  prices  are  too  low. 

A  case  recently  came  under  my  observation  where  an  in- 
spector, working  upon  the  plan  of  starting  in  on  low  prices, 
undertook  to  install  piece-work  into  a  department  of  wood- 
workers and  set  a  price  at  about  half  of  what  the  foreman  of 
that  deoartment  asked,  and  rather  than  concede  to  the  work- 
mans  reasoning,  declared  that  the  work  was  done  for  a  cer- 
tain amount  at  an  Easternfactory  and  that  he  would  only  pay 
so  much  here,  resulting  in  a  strike  and  failure  to  establish 
piece-work  in  that  department. 

Now,  in  introducing  piece-work  into  a  shop,  it  is  preferable 
to  retain  the  old  force  of  workmen  and  avoid  unnecessary 
clashings  with  them,  if  possible,  though  they  may  sometimes 
seem  to  jump  at  conclusions  and  appear  unreasonable.  It  is 
not  merely  of  choice  that  they  are  obstinate  in  their  views, 
but  through  distrust,  which  is  strengthened  by  every  decision 
on  the  part  of  the  inspector  or  foreman,  contrary  to  their 
views  or  their  rights,  as  they  understand  them. 

A  large  body  of  men  who  have  not  the  time  or  opportunity, 
or  possibly  not  the  inclination,  to  give  the  subject  the  thor- 
ough investigation  it  deserves  may  be  influenced  and  led  by 
the  views  expressed  by  one  of  their  number,  though  he  may 
have  little  or  no  ground  for  his  theories  and  may  be  incited 
through  prejudice  to  agitate  his  fellow-workmen  to  act  in  a 
united  effort  to  prevent  its  adoption. 

And  yet,  after  a  careful  study  and  a  thorough  trial,  I  have 
seen  the  most  obstinate  change  their  minds,  and  men  who  had 
most  vigorously  opposed  piece-work  became  convinced  of  its 
fairness.  They  lost  all  fear  of  dishonesty  on  the  part  of  Its 
promoters  and  just  as  vigorously  protest  against  a  change 
back  to  the  day-work  system. 

Several  years  ago,  before  the  Burlington  roads  adopted  tha 


system,  when  piece-work  was  being  debated,  my  own  brotl'.er 
pronounced  it  to  be  the  only  just  method  of  compensating 
labor  and  predicted  its  almost  universal  adoption  in  no  dis 
tant  future.  When  I  attempted  to  defend  the  common  d.-i;'- 
work  system,  I  was  surprised  at  the  difficulty  I  experienced  in 
finding  arguments  commendatory  to  the  system.  I  admit  I 
was  successfully  floored,  against  my  most  ardent  contentions, 
and  wondered  why  it  was.  The  system  is  still  being  debated 
and  is  yet  in  its  infancy. 

Price  lists  are  being  established,  though  under  many  dif8- 
culties,  and  much  uncertainty  as  to  fair  prices  is  bound  to  exist 
for  some  time  yet,  until  all  branches  of  shop  work  may  be 
properly  classified  and  correct  estimates  of  time  and  labor 
derived  through  various  experiments  and  observations. 

The  task  of  establishin;?  prices  is  an  important  one  an  i 
should  be  met  fairly  and  squarely  from  every  standpoint.  The 
rates  paid  in  Philadelphia,  for  instance,  should  of  necessity  be 
a  little  closer  than  they  are  out  here  in  the  West,  for  are  not 
day  rates  less  there  than  they  are  here?  Then  again,  the  prices 
there  have  been  fixed  after  years  of  experimenting  and  de- 
veloping facilities  for  doing  the  work  until  their  prices  may 
look  incredulously  low  and  men  out  here  will  conclude  they  are 
to  lose  if  they  submit  to  them,  and  probably  with  the  present 
facilities  they  would.  But  rather  trust  the  workmen  who 
make  an  honest  effort  to  demonstrate  the  most  reasonable 
time  required  to  do  the  work  and  pay  accordingly.  If  too 
great  a  difference  exists  investigate  the  cause,  compare  tacili 
ties,  remembering  that  you  have  just  as  good  men  as  they 
have  anywhere,  and  with  facilities  and  conditions  the  same 
like  results  may  be  obtained. 

I  believe  any  body  of  workmen  who  are  competent  and  fair 
can  be  shown  that  greater  possibilities  are  open  to  them  under 
the  piece-work  system  than  any  other,  that  they  can  make 
more  money,  and  that  their  employers  can  always  afford  to 
pay  them  better  than  the.^  ever  did  under  the  day  system. 


PISTON    VS.    SLIDE    VALVES. 


LAKE  SnOEE  &    MICHIGAN   SOUTHERN   RAILWAY. 


Last  October  this  road  conducted  an  elaborate  series  of  tests 
to  determine  the  relation  of  piston  and  Richardson  slide  valves 
with  respect  to  water  consumption,  18  tests  being  made  with 
the  piston  valve  and  20  with  tne  slide  valve. 

The  two  engines  used  were  of  the  4-6-0  type,  identical  in 
every  respect  as  to  the  valve  motion.  No.  600  being  equipped 
with  the  Allen-Richardson  balanced  slide  valve  while  No.  611 
had  the  direct  motion,  inside  admission,  piston  valve,  the  prin- 
cipal dimensions  being  20  x  28-in.  cylinders,  80-in.  driving 
wheels,  weight  on  drivers  133,000  lbs.,  total  weight  171,000  lbs., 
heating  surface  2,862  sq.  ft.,  grate  area  33.5  sq.  ft.  The  tests 
were  made  on  the  Michigan  Southern  division — 143  miles  long 
— Elkhart  to  Toledo  and  return,  and  on  two  regular  mail 
trains,  nothing  out  of  the  ordinary  as  to  speed  or  methods  of 
firing  in  any  way  being  attempted,  as  the  tests  were  made  to 
get  results  from  ordinary  every-day  practice.  Two  engine 
crews  were  practically  all  that  were  used  during  the  whole 
test,  the  tonnage  and  speed  of  the  trains,  also  the  weather,  did 
not  vary  much  from  day  to  day,  and  everything  was  conducive 
to  an  accurate  test.  (The  locomotives  were  described  in  The 
American  Engineer.  November,  1899,  page  343.) 

To  determine  the  indicated  horse-power  indicator  cards  were 
taken  every  minute  throughout  the  runs.  The  speed  was 
taken  by  a  revolution  counter  which  was  checked  by  mile 
posts  and  found  correct.  Water  measurements  were  taken  by 
gauges  placed  in  the  corners  of  the  tanit,  the  readings  being 
corrected  to  give  the  depth  of  the  center  of  gravity  of  the  sur- 
face of  the  water.  By  subsequently  calibrating  the  tank  tor 
each  inch  of  height,  on  track  scales,  this  method  of  measure- 
ment was  checked.  Coal  was  weighed  on  the  tender  by  track 
scales.  Eighteen  tests  were  made  on  engine  No.  611,  these  be- 
ing equally  divided  on  each  b'A&  of  the  engine,  20  runs  being 
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made  with  the  other  engine.  No  allowance  was  made  for  the 
steam  consumed  by  the  air  pumps,  the  loss  at  pop  valves  or 
water  lost  at  the  injector  overllows.  The  indicated  horse- 
power was  averaged  as  given  in  the  accompanying  table.  For 
several  of  the  runs  the  cylinder  tractive  power  was  plotted, 
and  the  total  foot-pounds  of  work  were  found  from  the  dia- 
gram, but  it  was  found  to  vary  so  little  from  the  average  Indi- 
cated horse-power  that  the  latter  was  used  in  subsequent  tests. 
The  indicated  horse-power  was  taken  only  for  the  time  during 
which  steam  was  applied. 

The  results  are  clearly  shown  in  the  diagram,  illustrating 
the  relative  efficiency  of  the  two  engines  far  better  than  the 
tables.  The  dotted  curve  on  the  diagram  is  that  of  engine  No. 
Gil,  with  the  piston  valves.  These  curves  are  interesting  be- 
cause they  show  remarkably  uniform  results  from  road  tests, 
and  there  is  little  doubt  of  the  accuracy  of  the  curves  drawn  to 
represent  the   average   results.     The   piston    valve    engine    is 
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slightly  more  economical  than  the  one  with  slide  valves,  but 
by  amounts  varying  only  from  1  to  IVi  lbs.  of  water  per  h.p. 
per  hour,  say  3  to  41^  per  cent.  This  is  probably  due  to  de- 
creased compression  in  the  piston  valve  engine  which  is  shown 
in  the  indicator  diagrams.  The  indicator  diagrams  show  that 
the  steam  line  is  better  maintained  on  the  slide  valve  engine, 
the  exhaust  line  being,  however,  better  on  the  piston  valve 
engine. 

The  tests  are  interesting  also  from  the  large  amount  of 
power  developed,  each  engine  having  averaged  over  1,000  h.p. 
for  the  entire  distance  of  143  miles.  The  evaporative  effi- 
ciency is  low  and  the  reason  for  this  is  not  yet  determined.  The 
coal  burned  per  foot  of  gi-ate  is  high,  and  it  is  evident  that  the 
work  developed  is  all  that  could  be  expected  from  the  engines. 

PISTON    VS.    SLIllE    VALVES. 

Average    Results. 

Piston.  Slide. 

Engine  number 611  600 

Duration   of  steam    in   minutes Kit  155 

Tonnage    behind    tender 317  307 

Ton    miles    45,400  46.700 

Average   speed,    deducting   stops 50.0  4n  2 

Ton    (miles  per  hour) 15,400  16.100 

Average    indicated    horse    power 83.S  795 

Horse   power    hours 2,160  1  990 

Total    coal    *. 13,430  Is'.GOO 

Total    water     68.400  69.430 

Water  per  pound  coal 5.33  5.10 

Water  per  horse  power  hour 31.7  .34.9 

Water  per  ton  mile 1.51  1.49 

Water  per  ton  miles  per  hour 4.16  4..S0 

Coal   per  horse  power  hour 6.23  6!s3 

Coal  per  ton   mile 296  .291 

Coal  per  ton  miles  per  hour S72  ^845 

Water  per  square  feet  heating  surface  hour 9.28  9.27 

Coal  per  sq.   ft.   grate  area  per  hour I43,  162.5 

Average   tractive   pull    from    cards 5,680  5.4S0 

Average  cut  off  in  Inches 8.52  7.49 

Average   opening  of   throttle I57  .123 

The  speed  at  which  any  machine  tool  can  be  successfully 
run  is  limited  only  by  the  burning  of  the  cutting  tool,  and  the 
greatest  production  is  obtained  by  running  as  near  this  point 
as  possible. 


VII. 


BY    0.    W.    OBEaj. 


An  interesting  example  of  the  application  of  variable-speed 
gear-drive  mechanisms  to  machine  tools  is  presented  in  a  new 
series  of  designs  of  the  milling  machines  built  by  the  R.  K. 
LeBlond  Machine  Tool  Company,  Cincinnati,  Ohio.  The  I>e- 
Blond  Company  have  recently  entirely  redesigned  their  line  of 
milling  machines  in  order  to  meet  the  very  exacting  conditions 
imposed  by  the  use  of  the  new  special  heavy-duty  tool  steels  in 
the  great  tendency  toward  Increased  production.  Particular 
care  has  been  exercised  in  the  new  designs  to  provide  sufficient 
strength  in  the  various  parts  to  withstand  the  "pull"  of  the 
heavy  cuts,  aud  two  important  new  features  have  been  incor- 
porated, namely,  a  double  back-gear  with  a  special  friction 
clutch,  and  a  very  interesting  change-gear  mechanism  for  the 
feeds. 

The  feed-change  mechanism  involves  an  interesting  adapta- 
tion of  the  cone  of  gears  and  shifting  pinion  principle  Unlike 
other  devices  for  this  purpose,  which  we  have  discus3(;d,  this 
mechanism  has  two  gear  cone  arrangements,  one  of  which  is 
adjustable  in  two  directions  and  the  other  fixed  in  position, 
thus  permitting  a  large  number  of  gear  combinationa  v/ith  a 
minimum  number  of  parts.  The  arrangement  for  bringing  the 
movable  gear  cone  into  mesh  with  the  fixed  cone  for  ;he  vari- 
ous speeds  is  of  particular  interest  for  its  simplicity. 

The  gear  box,  an  exterior  view  of  which  is  presented  in  Fig. 
32,  is  mounted  at  the  rear  of  the  right  hand  side  of  the  milling 
machines  frame,  as  shown  at  F,  Fig.  31,  for  convenience  of 
connecting  the  drive  from  the  spindle.  The  drive  is  through 
spur  gearing,  arranged  within  the  frame  of  the  machine  aud 
so  placed  as  to  deliver  power  to  the  driving  shaft,  S,  by  mesh 
ing  with  gear,  A. 

Fig.  33  is  a  cross-section  through  the  middle  of  the  gear  box, 
F,  so  as  to  show  the  relative  positions  of  the  various  gears  and 
gear  cones,  and  Pig.  34  indicates  diagrammatically  the  prin- 
ciple of  the  drive.  In  the  latter  drawing  the  drive  is  shown 
passing  from  the  driving  shaft,  S,  through  gears,  A-b-a-k-g-0, 
to  the  delivery  shaft,  T;  cone  of  gears,  P,  is  movable,  however, 
and  is  thus  capable  of  being  placed  in  any  necessary  position 
for  the  possible  gear  combinations  with  fixed  cone,  Q. 

Cone,  P,  is  mounted,  as  shown  in  Fig.  33,  upon  a  rocker 
frame,  R,  which  frame  is  pivoted  loosely  upon  delivery  shaft, 
T.  Gear,  g,  of  cone,  P,  is  arranged  so  as  to  be  permanently  in 
mesh  with  a  gear,  O,  which  is  feathered  to  shaft,  T,  and  is 
spanned  by  frame,  R,  so  as  to  permit  longitudinal  movement 
along  the  shaft  while  revolving  with  it.  As  will  be  seen  from 
Fig.  34,  eight  gear  combinations  are  possible,  for  which  reason 
eight  locking  holes  are  provided  on  the  front  of  the  gear  box. 
Handle,  H,  of  the  rocker  frame  is  correspondingly  provided 
with  a  spring  pull  pin,  which  is  arranged  to  drop  into  a  lock- 
ing hole  for  each  position  of  proper  meshing. 

It  may  be  noticed  from  Fig.  34  that  there  is  absolutely  no 
possibility  of  any  interference,  or  of  double-meshing  combina- 
tions, in  shifting  the  rocker  frame.  R.  From  the  way  that  the 
movable  and  fixed  cones  are  arranged  in  the  gear  box  it  is  im- 
possible to  bring  more  than  one  pair  of  gears  into  mesh  at  the 
same  time,  so  that  no  guiding  arrangement  is  necessary  for 
the  locking  handle,  H;  this  is  an  important  feature  of  this 
mechanism,  in  providing  against  stripping  gear  teeth. 

In  addition  to  the  eight  speeds  thus  made  available,  another 
eight  speeds  are  provided  for  by  the  shifting  gear  arrange- 
ment on  shaft.  S.  By  throwing  the  clutch  handle  shown  on  the 
upper  side  of  the  box  the  pair  of  gears,  A-B,  which  are  mounted 
rigidly  upon  a  sleeve  sliding  freely  upon  shaft,  S,  may  be 
thrown  over  to  one  side  or  the  other,  so  that  either  one  may 
drive  cone,  Q,  through  corresponding  gears,  and  thus  at  either 
a  fast  or  a  slow  speed.     Elach  handle  on  the  gear  box  is  en- 
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tlrely  Independent  of  the  other — they  may  be  operated  separ- 
ately or  in  unison. 

The  feeds  are  arranged  in  geometrical  progression,  ranging 
from  .006-in.  to  .225-in.  per  revolution  of  the  spindle.  An  en- 
graved plate  (reproduced  in  Fig.  33)  is  attached  to  the  feed 
box  which  indicates  the  feeds  obtained  for  each  position  of 
the  handles.  When  the  upper  lever  Is  thrown  to  the  right,  all 
the  finer  feeds  are  obtained,  ranging  from  .OOC-in.  to  .03C-in., 
which  is  the  range  generally  used  with  the  direct  cone  drive 
without  the  back  gears;  when  the  upper  lever  is  thrown  to  the 


These  plugs,  which  have  tapering  sides,  are  forced  up  by  the 
double  taper  key,  K.  The  friction  rings  are  made  to  snap  tight 
on  the  spool,  J,  so  that  when  the  plug,  G,  Is  withdrawTi,  the 
ring  flits  tightly  on  the  spool,  centering  itself  and  relieving  the 
gear  of  all  friction.  The  wedge  action  of  the  key  is  carried  by 
yoke,  Y,  which  in  turn  is  moved  by  the  lever,  M,  shown  at  the 
side  of  the  column. 

The  special  advantage  of  applying  the  friction  clutch  at  this 
point  is  that,  on  account  of  its  high  speed,  its  power  is  multi- 
plied a  good  many  times  before  it  reaches  the  spindle,  as  the 
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FIG.   32. — EXTERIOR  VIEW  OF  16-SPEED  FEED  GEAB  BOX. 


35. — VIEW     OF     DOUBLE     BACK-GEAB     ATTACHMENT,      SHOWING 
HANDLE  FOB  OPERATING  THE  FRICTION   CLUTCHES. 


B<ll  Velocity  lu  Feet  yet  Minute 


Couuterb)i»ft  Kutis 
at  135  Mr  IGG   R.P.M. 


CouQlenthuft  Kuua 
at  ISO^TiaO  R.r.M. 


u 


10.34,toJ- 


Single  Qciucd  >lHcliuie  Double  Biick-Gtared  Machine 

FIG.    37. — BACK-GEAK  RATIOS   FOB   SINGLE    AND   DOUBLE 
BACK-CF.ARED    MACHINES.  ^ 
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left,  the  coarser  feeds  are  obtained,  ranging  from  .043-in.  to 
.225-in.,  for  use  when  the  spindle  is  back  geared.  These  speeds 
are  proportioned  inversely  to  the  spindle  speeds,  thus  obviating 
all  feeding  speeds  that  are  detrimental  to  the  machine. 

The  double  back-gear  arrangement  for  multiplying  the  driv- 
ing speeds  available  from  the  cone  involves  a  very  Interesting 
construction.  This  attachment  is  illustrated  in  Fig.  35,  and  Is 
shown  in  detail  in  Fig.  36.  Gears,  E  and  F,  revolve  loosely 
upon  the  back-gear  sleeve,  V,  when  the  back-gear  is  thrown  in; 
for  throwing  either  one  of  them  in  gear  a  double-throw  taper 
key  is  provided,  as  shown  at  K,  which  will  operate  friction 
clutches  to  throw  either  gear  into  operation,  but  never  both. 
In  this  way  the  back-gear  furnishes  two  extra  runs  of  speeds 
Instead  of  one,  as  is  the  usual  arrangement. 

The  friction  clutches  consist  of  the  rings,  N,  within  their  re- 
spective gears,  E  and  F,  which  are  opened  by  the  plugs,  G. 


clutch  drives  the  back-gear  pinion,  which  in  turn  drives  the 
face  gear.  This  makes  it  several  times  as  powerful  as  would 
be  a  clutch  direct  in  the  face  gear.  It  also  enables  the  friction 
clutch  to  be  carried  under  light  tension,  as  well  as  permitting 
a  better  proportioned  cone  and  higher  belt  speeds  and  better 
belt  contact. 

A  very  interesting  comparison  has  been  made  by  the  Le- 
Blond  Company,  showing  the  relative  spindle  power  of  a 
double  back-geared  milling  machine  as  compared  with  that  of 
the  ordinary  single  back-gear  machine,  for  similar  conditions 
in  both  instances,  which  clearly  shows  the  superiority  of  the 
former.  For  examples  a  double  back-geared  drive  and  a  regu- 
lar single  back-gear  drive  were  compared,  as  indicated  in  Fig. 
37,  both  of  which  had  been  calculated  to  give  the  same  range 
of  spindle  speeds,  from  12ii  to  262  revolutions  per  minute. 
The  countershaft  on  the  double-geared  machine  runs  at  180 
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and  220  revolutions  per  minute,  while  that  on  the  single  runs 
at  135  and  IGG  revolutions  per  minute,  giving  the  double-geared 
machine  a  gain  in  power  of  33  and  30  per  cent.,  respectively, 
for  the  same  size  of  belt.  The  cone  diameters  on  the  double- 
geared  machine  are  13,  10%  and  SV2  ins.,  while  on  the  single- 
geared  machine  they  are  13,  lO-'Ji  and  8%,  and  6%  ins.  in 
diameter;  this  gives  an  increased  diameter  on  the  smallest 
step  of  the  cone  of  the  double  back-geared  machine  of  2  '/>  Ins., 
amounting  to  32  per  cent,  increase  of  belt  contact.  This  per- 
tains as  well  to  the  small  step  of  the  countershaft  cone,  as  the 
spindle  and  countershaft  cones  have  their  largest  steps  of  the 
same  size. 

To  illustrate  this  more  fully  a  diagram  is  pi'esented  in  Fig. 
38,  showing  graphically  the  belt  velocity  in  feet  per  minute  on 
the  two  machines.  The  broken  line  represents  the  single- 
geared  and  the  solid  line  the  double  back-geared  machine.  It 
will  be  seen  that  when  the  two  machines  are  running  at  the 
slowest  speed  of  12%  revolutions  per  minute,  the  double  back- 
geared  machine  has  a  cone  belt  velocity  of  447  ft.  per  minute, 
while  the  single  has  a  velocity  of  267  ft.  per  minute,  showing 
a  gain  for  the  double  back-geared  machine  of  70  per  cent,  in 


power.  This  proportion  of  gain  is  maintained  until  a  speed 
of  35  revolutions  per  minute  is  reached  when,  upon  engaging 
the  low  ratio  of  the  hack  gear,  the  belt  speed  of  the  double 
back-geared  machine  is  reduced  to  about  that  of  the  single- 
geared  machine;  from  this  point  on,  however,  the  belt  speed 
increases  until  at  75  revolutions  per  minute,  there  is  a  differ- 
ence in  belt  travel  of  390  ft.  per  minute,  with  a  gain  of  150  per 
cent  in  power. 

There  is  still  another  feature  to  consider  that  has  important 
bearing  on  the  power  of  machines,  namely:  the  ratio  of  back 
gear.  Calculating  the  ratio  of  back-gear  so  as  to  give  an  even 
grade  of  speeds  running  in  geometrical  progression  from  12% 
to  362  revolutions  per  minute  we  get  a  back-gear  ratio  of  3.31 
and  10.34  on  the  double  back-geared  machine,  and  6.2  on  the 
single  back-geared  machine,  amounting  to  an  increase  of  74 
per  cent,  in  back-gear  power  for  the  double  back-geared  ma- 
chine. This  is  better  understood  when  it  is  considered  that 
for  a  spindle  speed  of  12%  revolutions  per  minute,  for  exam- 
ple, the  double  back-gear  would  have  a  belt  travel  of  35  ft.  per 
revolution,  the  single  of  22,  or  a  gain  in  belt  travel  of  13  ft. 
per  revolution. 


POWER  TEST  OF  GROUP  DRIVE  MOTORS. 


Recobds   of   Poweb  Requibed   foe  the  Group  Drives  at  the 
Roanoke  Shops. 


NORFOLK   &  WESTERN   RAILWAY. 


(Conclusion   of  the  Tool  List  from   Page  223.) 


Diagrams  presenting  graphical  records  of  the  tests  made  upon  these 
groups  are -to  lie  found  on  page  223  of  the  preceding  (June  1903)  issue 
of  this  journal. 
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GROUP  NO.    S. 25-H.P.   GENERAL  ELEC 

Maximum  power  required  —  30 
Minimum  power  required  —  12 
Average      power   required  =  18 

Univ.    boring    mill .'^7   ins. 

Univ.    boring    mill ;^^   Ins. 

Shaper    12   ins. 

Planer    36 

Lathe    18 

Drill    press    32-in 

Milling  machine    

Drill   press    IS-in.   table 

Planer    30  x  30  ins 

Emery  wheel   

Shaper    12   ins 

Planer    36  x  36  ins 

Lathe    

Hot.  boring  machine.  .  .  No.   2^4    

Drill    press    

Hor.  boring  machine 

Hor.  boring  machine 

Blotter    IS  ins 

Nut    facer    

Drill    press    

Testing    machine    200,000    lbs.    capacity 


TRIG   MOTOR. 

7  HP. 
2  HP. 
4  H.P.   . 

.  Niles. 
.  Niles. 

.  Bement  &  Son. 
.Sellers. 
.  Niles. 

.Prentice   Bros.    Co. 
Brainard. 
.  Prentice   Bros.    Co. 
.  Sellers. 

.  Bement,  Miles  &  Co. 
.  Sellers. 

.  Niles. 

Niies'. 

Bement  &  Son. 
.  Niles. 

Newton. 

Bement  &  Son. 
.  Riehle  Bros. 


GROUP  NO.   9. 20-H.P.   GENERAL  ELECTRIC   MOTOR. 

Maximum    power   required  =  34.1  H.P. 

Minimum    power    required  =10.6  H.P. 

Average       power    required  =  15.4  H.P. 

Driving-wheel  lathe   . . .  80-in.  plate   Sellers. 

Truck- wheel   lathe    ....  24  ins Bement  &  Son. 

Key    sealer    i Miles  &  Merrill. 

Lathe    18  ins Pond. 

Dj-iving-wheel  lathe   . .  .  84-in.  plate   Niles. 

Lathe,    extension   14  Ins Harrington  &  Son. 

Lathe,    extension   15   Ins Sellers. 

Driving-wheel  lathe   ...  60  ins Niles. 

Planer    30   x   30    ins Harrington  &  Son. 

Lathe    18  ins Niles. 

Vert,  boring  mill 51   ins Niles. 

Planer     30   x   30   ins Harrington  &  Son. 

Walking   crane    i 


BOILER  AND  ERECTING   SHOP. 


GROUP   NO.    11. 25-H.P.    C. 

Maximum  power  required  =  20 
Minimum  power  required  =  15 
Average      power   required  =:  18 

Emery   wheel    

Lathe    7   ins 

Drill   press    12-in.  table   

Drill   press    26-in.  table    

Staybolt  cutter   

Staybolt  cutter   : 

Radial    drill    press 

1   shear   and  punch 

1   shear   and   punch 

4-splndle    drill    

Plate  planer   

Horizontal  punch    (. 

Blower    No.   33    

noils     No.  6    


MOTOR. 

H.P. 

.4   H.P. 
.2  H.P. 


Grant  &  Bogert. 


Prentice  Bros. 

Blair. 

Blair. 

Kelly  &  Ludwig. 

Long  &  Alstatter. 

Long  &  Alstatter. 

Bement  &  Son. 

Dunkirk  Iron  Works. 

Long  &  Alstatter. 

Sturtevant, 

Niles. 


SMITH   SHOP  AND.  FLUE   ROOM. 

GROUP   NO.    13. 15-H.P.   GENERAL  ELECTRIC   MOTOR. 

Maximum   power   required  =  12.3  H.P. 

Minimum    power   required  =    2.9  H.P. 

Average      power   required  =    9.1  H.P. 

Small    bolt    header 

Small    bolt    header 

Small    bolt    header 

Large   boll    header 

Large   bolt   header 

Large   bolt   header 


GROUP    NO.    15. 50-H.P.    EDDY    MOTOR. 

Maximum   power   required  =  60.  3  H.P. 

Minimum    power    required  =  39       H.P. 

Average      power   required  =  52.  3  H.P. 

Fan     No.    10      Sturtevant. 

Flue    welder 

Flue    welder    

Flue   cutter    


GROUP   NO.   17. 15-H.P.   GENERAL   ELECTRIC   MOTOR. 

Maximum  power  required  =  19  H.P. 
Minimum  power  required  =  4.4  H.P. 
Ayerage       power   required  =  12.4  H.P. 


Shears 

Shears     ' 

Bolt   cutter,    D.    H ^ Acme. 

Bolt   cutter.    D.    H ^ Acme. 

Bolt   cutter.    D.    H Acme. 

Bolt   cutter.    D.    H Acme. 

Bolt    cutter,    D.    H Acme. 

Bolt   cutter.  S.     ti R.  M.  W. 

B((lt    cutter.    D.    H Acme. 

Bolt  cutter,   S.   H R.   M.  W. 

Nut   tapper    Howard  Bros. 


FOUNDRY. 

GROUP   NO.   18. 20-H.P.    GENERAL  ELECTRIC   MOTOR. 

Maximum   power   required  =  13.8  H.P. 

Minimum    power   required  =    5.4  H.P. 

Average      power   required  =  10.4  H.P. 

2   rattlers    (small) 

Fan    (small)    

Brass    borer    

2   emery   wheels 


GROUP  NO.   19. 15-H.P.   GENERAL  ELECTRIC   MOTOR. 

Maximum   power   required  =  16.2  H.P. 
Minimum    power   required  =    4.2  H.P. 
Average       power   required  =  11       H.P. 
1    rattler    6  ft.  6  ins.  long 

1  rattler    4    ft.    long 

2  double  emery  wheels 


The  Endura  Company,  Limited,  92  Griswold  street,  Detroit, 
Mich.,  have  i.ssued  a  circular  describing:  Endura  Coating  and  illus- 
trating an  overhead  bridge  of  the  New  York  Central  at  Mott 
Haven,  New  York,  which  was  protected  with  it  two  and  a  half 
years  ago.  It  includes  a  letter  from  Mr.  Olaf  Hoff,  engineer  of 
structures  of  the  road,  stating  that  the  -paint  wa.s  in  good  con- 
dition after  two  years  of  service.  This  paint  is  specially  intended 
for  the  protection  of  metallic  surfaces.  It  supplies  an  elastic, 
flexible  protection  with  a  heavy  body  and  excellent  adhesive  quali- 
ties, and  is  advocated  as  a  preservative  for  steel  cars.  The  pam- 
phlet also  contains  letters  from  J.  S.  Culver,  president  of  the  Culver 
Construction  Company,  Springfield,  Illinois ;  George  I.  King,  man- 
ager steel  car  department  of  the  American  Car  &  Foundry  Com- 
pany, and  W.  E.  Nichols,  purchasing  agent  of  the  Pacific  Coast 
Company. 
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A    NEW    DESIGN     OF     ELECTRIC     DRIVE     FOR    THE 
IDEAL    LATHE. 


Springfield  Machine  Tool  Company. 


A  very  interesting  motor  drive  application  has  recently 
been  designed  by  tlie  Springfield  Macliine  Tool  Company, 
Springfield,  Oliio,  for  use  upon  their  well-known  "Ideal"  en- 
gine lathe.  The  method  of  mounting  the  motor  upon  the 
headstock,  which  is  used,  is  an  entirely  new  departure  m  motor 
driving.  The  headstock  arrangement  has  been  entirely  re- 
designed to  accommodate  the  gearing  and  connections  for  the 
drive,  so  that  as  a  result  the  motor  actually  appears  to  form 
an  integral  part  of  the  lathe's  construction  and  does  not  give 
the  impression  of  licing  an  after  consideration. 


A   .NOVELTY    l.\    KI.lOCTIllC    DlilVl.NC    KOR   THE    '■IIIE-M,      LATHE. Sl'lilNd- 

FIELD    HAOHINE    TOOL   COMPANY. 


The  accompanying  view  illustrates  the  new  drive  upon  their 
IG-in.  X  S-ft.  Ideal  lathe,  two  of  which  lathes  have  been  fur- 
nished, thus  equipped,  to  the  Northern  Electrical  Manufac- 
turing Company,  Madison,  Wis.  This  lathe  was,  as  will  be 
remembered,  described  on  page  157  of  our  May,  1902,  issue, 
and  also  with  particular  reference  to  its  novel  rapid  feed- 
changing  mechanism,  on  page  27  of  our  January,  1903,  issue. 
The  motor  is  mounted  directly  upon  a  pair  of  lugs  cast  inte- 
gral with  the  headstock,  from  which  position  it  drives  direct 
to  the  spindle  through  gearing.  The  drive  is  through  a 
reduction  gearing  to  an  intermediate  slip-gear  shaft,  which 
may  drive  the  spindle  at  either  of  two  speeds.  The  slip 
gears  are  controlled  by  a  handle  on  the  gear  case  at  the 
right  of  the  motor,  so  that  either  run  of  gears  may  easily 
be  thrown  in.  These  two  runs  of  gears  are  supplemented  by 
the  usual  back  gear  attachment,  making  four  different  speeds 
available  by  gearing. 

The  motor,  which  is  a  l^^-h-P.  variable-speed  direct-current 
motor,  made  by  the  Northern  Electrical  Manufacturing  Com- 
pany, operates  on  the  two-wire  system,  the  speed  control 
being  obtained  by  field  resistance  control,  which  gives  a  varia- 


tion at  the  armature  shaft  of  from  600  to  1,200  revolutions 
per  minute,  or  2  to  1.  The  motor  controlling  rheostat  Is 
located  inside  of  the  legs  beneath  the  right-hand  end  of  the 
lathe's  bed  and  Is  operated,  through  the  agency  of  a  splined 
shaft  and  sprocket  chain,  from  the  carriage.  The  handle, 
H,  on  the  carriage  operates  through  a  sliding  gear  on  the 
spliped  shaft  so  that  the  motor  is  under  control,  no  matter 
what  position  the  carriage  Is  in. 

This  arrangement  of  driving  Is  worthy  of  careful  consid- 
eration for  its  extreme  compactness,  yet  great  flexibility, 
as  it  gives  a  total  spindle  speed  range  of  from  C  to  310  r.p.m.,  by 
both  electrical  and  mechanical  speed  changes.  This  is  a  firm 
step  toward  a  rational  design  of  motor  driving,  inasmuch  as 
a  very  wide  speed  range  is  obtained,  and  with  a  large  num- 
ber of  steps,  yet  with  no  irregularities  of  either  lathe  or 
motor  design. 


BOOKS  AND  PAMPHLETS. 


Steam  Power  I'lant.s ;  Tlii-ir  I)esij;u  and  Construction.  Hy  Henry 
C  Me.ver,  .Jr..  M.  R. :  ItUI  nagcs,  8  vc,  cloth  ;  lo  folding  platos 
mid  ()!")  figures  in  the  text.  I'ubllshpd  by  the  JIcGraw  I'lib- 
lisliiiis  Company,  114  Liberty  street,  New  York.     Price,  $2.^). 

This  i.s  a  work  of  exceptional  value  to  all  interested  in  power 
plant  construction  or  design.  It  is  an  elaboration  of  a  scrie.s  of 
articles  by  the  author  which  orginally  appeared  in  the  Enginccrinn 
Record,  and  wliich  were  intended  for  engineers  in  charge  of  ma- 
chine shops  who  are  called  on  to  design  and  purchase  a  steam- 
liower  plant  or  parts  of  it  when  their  knowledge  of  the  machinery 
I  hat  goes  into  such  a  plant  is  more  or  less  limited,  and  when  they 
are  not  able  to  obtain  the  advice  of  a  competent  consulting  engi- 
neer. The  book  as  a  whole  is  well  written  and  contains  a  great 
('eal  of  valuable  information  in  a  small  space.  The  power-plant 
( iigineer  will  find  little  in  it  that  is  entirely  new,  but  he  will  tind 
much  that  is  worth  his  attention  as  a  reminder  of  the  many  things 
that  have  to  be  considered  in  designing.  To  such  engineeers  per- 
haps the  most  u.seful  part  of  the  book  will  be  the  sixteen  folding 
plate.s,  most  of  which  are  ground  plans  and  sectional  elevations  of 
recent  plants,  showing  the  location  of  boilers,  engines,  piping, 
I'tc.  This  volume  contains  much  valuable  data  in  accessible  and 
ronvenieut  form. 


.Modern  Machine  Shop  Tools.     Their  Construction,  Operation  and 
.Manipulation.     By  Wm.  IT.  Van  Pervoort,  M.   V..-.  .")i;  pages. 
inofusely  illustrated  with  67:J  engravings:  8  vo.,  cloth.     Pub- 
lished by  Norman  W.  Henley  &  Co.,  V-Vl  Na.ssau  street.  New 
York.     Price,  $4.00. 
'L'liis  is  a  practical  treatise  on  general   machine  shop   practice, 
and  is  especially  important  on  accouiU  of  being  brought  right  up 
to  date  in  all  details.    The  subjects  are  treated  in  a  clear  and  com- 
piehensive  manner  and  are  intended  to  serve   as  a  text-book  for  the 
apprentice   and    also  as    a   convenient    reference   volume   for   the 
machinist  and  shop  foreman.     The  work  begins  with  a  treatise  of 
the  hammer  and  cold  chisel,  tiling,  scraping,  etc.,  and  of  all   the 
ordinary  hand  tools,  after  which  gauges,  indicators,  etc.,  are  con- 
sidered, followed  by  several  chapters  on  drills,  reamers,  taps,  dies, 
mandrels,  etc.     The  remaining  portion  of  the  volume  treats  of  the 
various  machine  tools,  and  various  processes  of  grinding  and  hard- 
ening  and   tempering.      Special   mention   should    be   made   of   the 
excellent  treatment  of  the  subject  of  grinding.     This  work  is  of 
great  value  to  all   interested    in  machine    shop   practice  and   we 
heartily  commend  it  for  their  use. 


A.  Leschen  &  Sons  Rope  Company.  920  North  First  street,  St 
Ijouis,  have  issued  a  new  catalogue  No.  24.  describing  the  wire  rope 
and  cordage  of  every  description  manufactured  by  them.  Their 
flattened  strand  wire  ropes  are  specially  noteworthy  because  of 
being  free  from  tendencies  to  spin  or  kink,  and  because  of  their 
large  wearing  surfaces.  Those  requiring  wire  rope  and  fittings, 
blocks  and  accessories  or  rope  tramway  equipment  will  find  all 
necessary  information  in  this  catalogue,  which  may  be  luid  upon 
application  at  the  offices  of  the  company. 


A  list  of  users  of  the  Reynolds-Corliss  engines  has  been  Issued 
by  the  Allis-Chalmers  Company,  containing  a  partial  statement  of 
the  locations  of  engines  of  this  type  built  by  that  company  at  their 
Jlilwaukee  works.  Eighteen  pages  are  occupied  by  the  index  of 
States  and  cities  in  which  the  engines  are  located,  'xne  list  covers 
100  pages  and  gives  the  size  of  each  engine.  It  is  a  magnificent 
record  and  exhibit  of  the  esteem  in  which  the  product  of  these 
works  is  held. 
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EDITORIAL    ANNOUNCEMENTS. 


A    NEW    LIGHT    ON    ELECTRIC    LOCOMOTIVES. 


XAvort\nen\ents.— Nothing  will  be  itiserled  i?i  this  jmirnal for  pay,  EXCEPT 
IN  THE  ADVEKTISING  PAGES.  The  reading  panes  will  contain  only  stuh 
nuUUr  as  we  consider  of  interest  to  our  readers. 

Contributions. — Artii^s  relating  to  railway  reding  stock  cfynstm4:tion  and 
manager) w^^nt  and  kindred  topics,  by  those  who  are  practically  acquainted 
with  these  subjects,  are  specially  desired.  Also  early  Twtices  of  o^oial  changes, 
and  additions  of  new  eguipment  for  the  road  or  the  shop,  by  purchase  or 
tonstruction. 


To  Subscribers.— T/ie  Amebican  Engineer  and  Railroad  Journal 

it  mailed  regularly  to  every  subscriber  each  ntoiUfi.  Any  subscriber  who  fails 
to  receive  his  paper  ought  at  on^e  to  jwtify  the  postmaster  at  the  office  of 
delivery,  and  in  case  the  jxtixr  is  not  then  obt<iined  this  office  should  be 
not^Ud,  so  that  the  missing  pujjer  nuiy  be  supplied.  When  a  sub- 
scriber changes  his  address  he  (nig/it  to  notify  this  offlxe  at  once,  so 
that  the  paper  may  be  sent  to  the  projx^r  destination. 


THE  CONVENTIONS. 


It  will  be  necessary  to  reserve  our  comments  upon  the  three 
important  conventions  which  have  just  closed  at  Saratoga  until 
next  month  on  account  of  the  unusually  late  date  at  which 
they  were  held  this  year.  We  have,  however,  been  enabled  to 
present  abstracts  of  several  of  the  papers  and  also  the  discus- 
sions at  the  Master  Mechanics'  and  Master  Car  Builders' 
conventions. 


LOCOMOTIVE    TESTING   PLANT    AT    THE    ST.  LOUIS 
EXPOSITION. 


A  locomotive  testing  laboratory  is  to  be  operated  in  the 
transportation  department  of  the  approaching  exposition  at 
St.  Louis.  Mr.  Willard  A.  Smith,  chief  of  that  department, 
announces  that  the  Pennsylvania  Railroad  will  construct  a 
plant  for  permanent  installation  at  Altoona,  and  that  this  will 
be  temporarily  erected  at  the  exposition  as  a  part  of  the  ex- 
hibit of  that  road.  The  entire  exhibit  will  be  under  the  charge 
of  Mr.  F.  D.  Casanave,  formerly  general  superintendent  of 
motive  power  of  that  road.  Nothing  of  this  kind 
has  ever  been  attempted  in  connection  with  an  exposi- 
tion, and  the  valuable  results  already  obtained  upon  loco- 
motive testing  plants  in  this  country  may  be  considered  a 
promise  of  most  important  accomplishments  at  St.  Louis.  It 
a  completely  equipped  testing  plant  is  kept  busy  for  seven 
months  at  the  exposition  and  the  work  is  carefully  planned 
and  executed,  as  it  is  sure  to  be,  the  undertaking  will  undoubt- 
edly be  a  step  toward  a  thorough  scientific  study  of  the  modern 
locomotive,  than  which  there  can  be  no  more  fruitful  investi- 
gation in  connection  with  the  subject  of  transportation. 


If  a  locomotive  could  be  always  counted  upon  to  go  out  upon 
its  run,  and  after  a  run  be  ready  to  turn  about  immediately 
for  the  next  one,  it  would  be  worth  2,  or  perhaps  4,  or  even 
10  cents  per  mile  more  than  one  which  will  not  do  this.  The 
electric  locomotive  has  in  this  respect  a  stronger  claim  to-day 
for  the  attention  of  railroad  men  than  those  of  economy  or 
efBciency.  The  time  seems  to  be  approaching  when  the  units 
of  power  will  become  so  large  that  they  must  be  concentrated 
into  stationary  power  stations.  In  a  transcontinental  trip 
one  now  flnds  several  opportunities  for,  electric  helper  service 
which  would  now  be  profitable  and  will  soon  be  necessary. 


PILES    OF    WORK. 


"Pile  work  up  in  front  of  a  man  and  move  the  finished 
pieces  promptly  on  to  the  next  one  when  finished.  Show  men 
that  the  work  is  wanted.  Get  the  material  moving,  and  soon 
the  whole  shop  will  take  a  lively  gait,"  says  the  progressive 
superintendent  of  a  big  railroad  shop.  What  inducement  does 
a  lathe  hand  have  for  pushing  his  machine  if  the  floor  behind 
him  is  littered  with  the  finished  work  of  two  or  three  days? 
Keep  the  floor  clean  of  finished  work,  and  pile  up  the  raw 
material.  This  means  a  clean  shop,  and  a  clean  shop  means 
an  effective  and  economical  one.  It  means  that  the  foreman 
will  soon  be  wanted  for  larger  shops,  or  at  least  for  larger 
positions.  Many  shops  which  are  now  too  small  would  be 
very  much  larger  if  this  simple  plan  is  carried  out.  It  is  a 
fact  that  a  newspaper  man  always  finds  more  to  write  about 
in  a  tidy  shop  than  in  a  dirty,  cluttered  one,  and  it  is  easy  to 
discover  foremen  who  are  fit  to  be  master  mechanics,  and  shop 
men  who  are  capable  of  becoming  foremen. 


IMPROVED    TOOLS    REQUIRE    IMPROVED   WORKMEN. 


In  facing  driving  boxes  on  the  Newton  horizontal  milling 
machine  at  the  Collinwood  shops  of  the  Lake  Shore  is  an  in- 
teresting example  illustrating  the  need  for  superior  workmen 
to  handle  modern  machine  tools.  This  machine  takes  12 
driving  boxes  on  its  bed,  the  castings  being  hooked  together, 
making  a  horizontal  cut  of  about  24  ins.  in  width.  With  a 
3-16-in.  cut  and  ordinary  tool-steel  cutters  the  table  speed  is 
7  ins.  per  minute  on  cast-iron  boxes.  This  requires  about  3 
minutes  per  box,  or,  as  they  are  arranged  on  the  table,  20 
minutes  for  the  lot.  It  then  requires  an  hour  for  a  good  man 
to  set  up  the  machine  for  another  lot.  If  done  on  a  planer, 
the  job  would  require  about  four  hours.  This  machine  now 
has  a  15-h.p.  motor,  and  the  circuit-breaker  is  "knocked  out" 
under  this  work.  A  20-h.p.  motor  will  be  applied.  The  motor, 
however,  has  nothing  to  do  with  the  large  proportion  of  time 
required  to  set  the  work  in  the  machine.  This  operation  is 
now  a  question  of  the  machine  being  ahead  of  the  man. 


The  omission  of  pits  in  locomotive  erecting  shops  is  now 
seriously  considered  in  several  new  shop  plans  involving  the 
longitudinal  arrangement  of  tracks.  This  is  due  to  a  desire 
to  avoid  cutting  up  the  floor  with  deep  pits  running  the  full 
length  of  tne  shop.  With  one  long  pit  the  full  length  of  the 
shop  in  the  center,  the  outer  pits  may  be  shortened  to  a 
short  distance  from  one  end,  but  it  does  not  seem  advisable 
to  attempt  to  do  without  pits  altogether.  Deep  pits  are  not 
necessary.  Probably  18  or  24  ins.  will  be  suflBcient,  but  if  the 
engines  are  placed  on  the  floor  it  will  be  necessary  to  raise 
them  on  blocking  for  the  men  to  work  under  them.  This 
Involves  raising  the  men  also  on  staging  or  blocking  for  a 
large  amount  of  their  work.  The  inconvenience  and  expense 
of  this  will  be  at  once  apparent. 


Considering  the  fact  that  the  probable  life  of  a  locomotive 
Is  about  twenty  years,  it  is  most  important  that  the  policy 
of  the  designer  should  be  a  far-sighted  one.  Many  roads  find 
it  a  serious  handicap  to  operate  light,  inadequate  locomo- 
tives built,  perhaps,  seven  or  eight  years  ago,  mixed  up  with 
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heavier  typee  of  more  recent  date.  There  Is  a  tendency  to 
give  the  weak  engines  more  work  than  they  can  properly  do. 
The  mechanical  engineer  of  a  Western  road  comments  upon 
this  In  connection  with  tonnage  rating  tests  upon  which  he 
has  recently  been  engaged  and  says:  "We  And  that  our 
19x24-ln.  10-wheel  engines  with  1,700  sq.  ft.  of  heating  sur- 
face and  30  sq.  ft.  of  grate  area  are  very  limited  in  their 
capacity  to  get  freight  up  a  long,  heavy  grade.  They  are  not 
lacking  in  cylinder  power,  but  In  the  ability  to  make  steam. 
The  incapacity  of  the  boiler  is  furthex-  indicated  by  the  fact 
that  the  gases  escape  from  the  smokebox  at  a  temperature 
of  1,200  deg.  F.  and  over,  while  our  recent  heavy  engines  dis- 
charge their  smokebo.x  gases  at  only  about  (iOO  deg."  This 
illustrates  very  clearly  the  importance  of  present  tendencies 
toward  most  carenil  study  of  boiler  capacity  in  deciding  upon 
new  designs.  This  correspondent  speaks  of  conditions  which 
are  found  on  every  railroad. 


One  of  the  large  life  Insurance  companies  of  New  York  re- 
cently inaugurated  a  school  of  insurance,  to  aid  in  recruiting 
the  staff  of  subordinate  officers  and  agents.  One  requirement 
of  applicants  was  that  that  they  should  be  young  men  who  had 
worked  their  way  through  college.  Whatever  the  object  of  this, 
the  result  would  naturally  be  to  secure  applicants  who,  from 
experience,  knew  and  understood  the  meaning  of  difficulties. 
Most  college  men  have  an  easy  time.  Those  who  work  their 
way  certainly  do  not,  and  they  generally  succeed  afterward. 
The  reason  why  they  succeed  is  perfectly  plain.  They  have  the 
advantage  of  personal  responsibility  which  such  a  course 
brings  to  them  and  they  get  it  early  in  life. 

A  technical  school  graduate  is  usually  past  the  age  of  24 
years  when  he  begins  his  actual  work.  If  he  then  serves  three 
years  as  an  apprentice  he  is  at  a  disadvantage  because  of  his 
age.  The  age  of  27  is  rather  late  to  begin.  Would  it  not  be 
better  for  all  technical  men  to  begin  in  the  shop  in  such  a  way 
as  to  throw  responsibility  upon  them  at  the  very  start  instead 
of  giving  them  the  apprenticeship?  Granting  that  an  appren- 
tice course  would  give  a  better  general  idea  of  the  department 
as  a  whole  than  could  be  obtained  in  the  same  length  of  time 
in  the  shop  as  an  independent  workman,  yet  there  is  something 
in  the  experience  of  the  workman  in  the  form  of  responsibility 
that  the  special  apprentice  does  not  usually  acquire  and  can- 
not easily  obtain  at  the  age  of  27  years.  As  a  general  principle 
would  it  not  be  better  for  all  concerned,  and  particularly  for 
the  young  graduate,  to  turn  him  loose  in  the  shop  to  make  his 
own  way?  In  other  words,  is  not  the  three  or  four  years  of 
special  apprenticeship  a  handicap? 


VHAT    MOTIVE    POWER    OFFICERS    ARE    THINKING 
ABOUT. 


EJditorial  Coreespondence. 


Machine-tool  builders,  of  course,  always  make  their  machines 
strong  enough  to  carry  the  heaviest  possible  cuts  without  any 
breakage  or  chattering;  but  a  9G-in.  boring  mill  of  a  familiar 
make  did  break  down  a  few  days  before  the  visit  of  our  repre- 
sentative to  a  cei-tain  large  new  shop.  A  10-h.p.  motor 
drove  it,  and  with  a  3-16-in.  cut  and  %-in.  feed,  boring  a  La- 
trobe  tire,  six  teeth  were  broken  out  of  the  gears.  The  cutting 
speed  was  28  ft.  per  minute.  This  cut  was  being  made  with  a 
tool  which  had  previously  bored  through  five  5G-in.  tires  at 
28  ft.  per  minute,  without  being  sharpened.  That  is  pretty 
good  tool  steel. 

This  machine  is,  by  the  way,  a  good  subject  for  a  three-page 
editorial.  Its  motor  control  gives  six  motor  speeds,  and  being 
an  up-to-date  machine,  the  gears  and  back  gears  give  eight 
more  changes,  or  48  speeds  in  all.  This  is  commendable,  if 
the  machine  needs  them,  hut  here  is  something  bordering  on 
the  absurd.  By  using  a  "feet  per  minute"  indicator  it  was 
discovered  that  the  total  range  of  speed  of  the  edge  of  that 
9G-in.  table  was  from  16  to  975  ft.  per  minute.  At  the  highest 
of  these  speeds  chips  which  had  dropped  into  the  slots  were 
thrown  25  ft.  from  the  machine.  ,  It  is  unsafe  to  run  these 
machines  at  such  speeds.  No  work  could  ever  require  them, 
and  the  builders  and  those  who  work  up  motor  drives  should 


look  into  these  things,  and  not  allow  inquisitive  newspaper 
men  to  discover  them.  We  shall  probably  receive  a  few  dozen 
letters  because  of  this  paragraph,  but  let  the  reader  decide 
whether  10  miles  an  hour  is  not  pretty  fast  for  a  boring-mill 
table  to  travel.  This  machine  is  fast  enough  for  one  Intended 
to  pull  heavy  cuts,  but  it  is  not  strwuj  enough.  It  is  "up  to" 
the  builders. 

This  interesting  machine  is  in  the  hands  of  an  intelligent 
man  who  takes  pride  in  the  fact  that  he  "sets"  a  54-ln.  tire, 
bores  it,  and  gets  it  out  of  the  machine  in  31  minutes.  With 
Latrobe  tires  he  takes  a  cut  of  %  in.  and  yi-in-  feed  at  31  ft. 
per  minute,  but  finds  only  one  brand  of  tool  steel  which  will 
do  this  work. 


On  some  of  the  Western  roads  where  travel  is  heavy  it  has 
been  found  necessary  to  equip  passenger  cars  with  tandem 
draft  gear  because  of  the  excessive  opening  of  the  gear  by 
the  heavy  pulls  required  in  starting.  In  the  case  of  a  16-car 
train  the  ordinary  single  gear  is  not  sufficient  to  provide  for 
the  draw-bar  stresses. 

This  suggests  again  the  advisability  of  lightening  passen- 
ger equipment.  It  seems  rather  strange  that  with  an  aver- 
age the  year  around  of  10  passengers  per  sleeper,  or  less,  a 
weight  of  125,000  or  130,000  lbs.  in  the  cars  should  not  lead 
to  a  protest  from  operating  officials  because  of  the  expense 
which  these  heavy  cars  entail.  At  present  it  seems  almost 
hopeless  to  suggest  steel  frames  and  lighter  construction  and 
steel  trucks  for  passenger  equipment,  but  the  present  ten- 
dency toward  greater  weights  cannot  continue  indefinitely. 
It  is  believed  that  fame  and  fortune  await  the  man  who  can 
produce  satisfactory  and  smooth-riding  cars  with  a  reason- 
able amount  of  weight  per  passenger.  These  remarks  are 
prompted  by  expressions  of  helplessness  from  several  motive 
power  officers  because  of  the  increase  of  "engine  failures"  and 
the  zest  with  which  the  locomotive  departments  are  pursued 
by  the  operating  men.  Locomotives,  of  course,  should  not 
fail;  but  a  little  study  of  the  increased  demands  on  passenger 
locomotives  during  the  past  five  years  will  show  that  they 
have  received  too  little  consideration  in  the  progress  toward 
the  complete  comfort  and  convenience  of  the  traveling  pub- 
lic. The  comfort  should  not  be  less,  but  intelligent  and  ex- 
perienced officers  should  attack  the  problem  of  how  to  supply 
it  without  making  it  impossible  to  operate  train  service  regu- 
larly and  satisfactorily. 


The  track  tank  has  been  used  for  many  years  in  connection 
with  passenger  locomotives.  It  is  now  beginning  to  be  ap- 
preciated as  a  factor  in  freight  service.  This  is  particularly 
noticeable  on  the  Michigan  Central  in  connection  with  fast 
freight  trains,  such  as  cattle,  aressed  meat  and  special  horse 
trains.  Time  freights  and  other  classes  of  freight  trains  run- 
ning among  passenger  trains  complicate  the  dispatching,  espe- 
cially if  frequent  stops  are  made.  By  utilizing  the  track 
tanks  the  fast  freights  on  the  Michigan  Central  are  now  run 
without  a  stop  from  Niles  to  Jackson,  a  distance  of  103  miles, 
and  the  practice  has  been  found  very  satisfactory.  The  freight 
engines  on  this  section  are  two-cylinder  Schenectady  com- 
pounds, and  the  service  referred  to  has  been  operating 
smoothly  for  over  a  year.  The  speeds  are  remarkably  high 
for  freight  trains,  but  there  seems  to  have  been  no  trouble 
whatever  from  hot  boxes.  The  driving  and  truck  boxes  are 
given  special  attention  at  the  roundhouses.  They  are  very 
carefully  watched  and  frequently  replenished  with  oil.  The 
enginemen  co-operate  with  the  roundhouse  force  in  reporting 
the  necessity  for  attention.  The  special  horse  trains  usually 
weigh  about  700  to  750  tons,  and  they  cover  the  103  miles  in 
about  three  hours.  The  other  fast  freights  weigh  from  1,000 
to  1.500  tons,  and  make  the  run  in  four  to  five  hours.  Such 
runs  cannot  always  be  made  without  stopping,  but  whenever 
an  intermediate  stop  is  necessary,  the  engine  and  train  crews 
are  required  to  explain  it,  and  every  effort  is  made  to  avoid 
the  necessity  of  an  explanation.  This  method  greatly  facili- 
tates business,  and  it  draws  attention  to  the  track  tank  as 
an  important  element  in  successful  operation.  These  are 
days  when  every  possible  rjntribution  to  the  acceleration  of 
traffic  movement  is  eagerly  sought. 
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Se.mi-Aknual  Meeting,  S.uiAiociA,  June  23  to  26. 


The  time  of  holding  the  semi-annual  meeting  this  year  pre- 
cludes the  presentation  of  an  account  of  the  discussions  in  this 
issue.  They  will  be  referred  to  ne.xt  month.  Brief  statements 
concerning  those  of  the  papers  most  likely  to  interest  our 
readers  are  presented  below: 

"The  Steam  Turbine  from  an  Operating  Standpoint."  By 
F.  A.  Waldron. — This  paper  contains  a  description  and  record 
of  tests  of  the  first  Westinghouse-Parsons  turbine  to  be  put 
into  pi'actical  operation  outside  of  the  works  of  the  builders. 
It  is  a  most  gratifying  record  of  satisfactory  experience.  This 
is  believed  to  be  the  most  important  paper  of  the  meeting  be- 
cause of  the  prominent  place  now  taken  by  the  steam  turbine 
and  the  value  of  the  opinions  expressed.  Extracts  from  the 
paper  will  appear  in  these  columns.  The  author  brought  out 
the  noteworthy  fact  that  with  an  evaporation  of  8.7  lbs.  of  water 
per  pound  of  coal  a  brake  horse-power  can  be  delivered  to  the 
pulley  of  a  motor  for  the  consumption  of  2.5  lbs.  of  coal.  This 
allows  5  per  cent,  for  banking.  With  average  non-condensing 
engines  three  times  this  amount  of  coal  would  be  necessary  if 
the  engines  were  distributed  about  the  plant.  Special  atten- 
tion is  directed  to  the  interesting  table  of  motor  tests  accom- 
panying this  paper. 

"Alternating  Current  Motors  for  Variable  Speed."  By  W.  I. 
Slichter. — Variable  speeds  may  be  obtained  with  alternating 
current  motors.  The  author  reviews  the  existing  information 
on  this  subject  and  discusses  the  various  methods  of  obtaining 
speed  control.  This  paper  ought  to  lead  those  having  alter- 
nating current  installations  to  consider  the  advisability  of  se- 
curing variable  speeds  for  machinery  which  requires  it,  and 
its  effect  is  to  add  an  argument  in  favor  of  alternating  installa- 
tions, or,  to  express  it  in  another  way,  this  discussion  shows 
that  the  lines  between  alternating  and  direct  current  proposi- 
tions cannot  be  as  sharply  drawn  as  heretofore.  This  paper 
will  be  presented  in  our  columns. 

"Train  Resistance,  a  Rational  Formula."  By  J.  B.  Blood. — 
The  author  expresses  the  need  of  a  formula  which  will  permit 
of  fitting  motive  power  to  its  work  "with  a  nicety."  He  recom- 
mends the  following  formula: 

•    R  =  A  +  BM  X   I    C  -{ \m 

Where  R  =  resistance- in  lbs.  per  ton,  M  =  speed  in  miles  per 

hour,  T  ^  weight  of  train  in  tons,  n  ^  exponent  =  1.8,  A  = 

•  coefficient  of  sliding  friction,  B  =  coefficient  of  rolling  friction, 

C  =  coefficient  of  side  resistance,  D  =  coefl^cient  of  head  and 

stern  resistances. 

The  values  of  (hese  coefficients  are  given  in  the  paper  as  fol- 
lows: A  =  3  for  heavy  freight  trains,  4  for  average  passenger 
trains,  5  for  heavy  large  electric  cars,  6  for  medium  electric 
cars,  7  for  light  electric  cars;  B  =  0.15  for  light  track  con- 
struction, 0.12  for  heavy  track  construction;  C  =  0.0016  for 
ordinarily  constructed  cars,  and  0.0014  for  cars  with  vestibules; 
D  =  0.25  for  cars  with  small  cross  section,  0.30  for  electric 
cars  with  medium  cross  section,  0.35  for  large  suburban  cars, 
and  0.40  for  largest  express  trains.  The  author  does  not  define 
the  adjectives  used  in  connection  with  these  coefficients.  [The 
real  difficulty  in  devising  satisfactory  train  resistance  formula 
is  that  it  must  be  comprehensive  enough  to  provide  for  a  vast 
number  of  entirely  unknown  conditions. — Editob.] 

"Some  Data  on  Hoisting  Hooks."  By  J.  L.  Bacon. — Hooks 
bent  from  round  stock  were  compared,  by  the  author,  with 
others  made  in  accordance  with  Townes'  formula.  The  paper 
records  the  results  and  also  stows  the  effect  of  case  hardening 
or  carbonizing  upon  the  strength  of  the  hooks.  The  author 
concludes  that  hooks  made  of  round  iron  and  carbonized  are 
about  as  strong  as  tlie  hooks  of  the  same  shape  flattened  ac- 
cording to  Townes'  formula,  while  a  plain  hook  carbonized 
and  hardened  is  from  40  to  50  per  cent,  stronger  than  either. 

"The  Bursting  of  Emery  Wheels."  By  C.  H.  Benjamin.— 
Several  years  ago  the  author  was  consulted  in  litigation  occa- 


sioned by  the  bursting  of  an  emery  wheel  and  determined  to 
extend  his  experimental  study  of  the  bursting  of  fly  wheels  to 
cover  emery  wheels  also,  using  apparatus  which  is  already  on 
record  before  the  society.  Fifteen  commercial  emery  wheels 
of  various  makes  were  tested  to  destruction.  They  were  se- 
lected from  stock  without  the  knowledge  of  the  manufacturers 
as  to  the  purpose  for  which  they  were  required.  Six  different 
makes  were  obtained,  the  working  speeds  varying  from  1,150 
to  1,400  revolutions.  For  a  diameter  of  16  ins.,  this  gives  a 
peripheral  velocity  of  about  5,000  ft.  per  minute.  The  fineness 
of  emery,  the  working  speeds,  bursting  speeds  and  factors  of 
safety  are  stated  in  tabular  form.  The  lowest  factor  of  safety 
was  5.71  and  the  highest  13.10,  the  conclusion  being  that  as 
the  bursting  speeds  varied  from  2i^  to  3%  times  the  working 
speeds,  the  wheels  were  all  safe  at  the  speeds  recommended 
and  would  not  have  burst  under  ordinary  conditions.  The 
author,  however,  recommended  a  factor  of  safety  not  less 
than  10. 

"Fits  and  Fitting."  By  S.  H.  Moore. — This  is  an  investiga- 
tion of  recent  practice  in  forcing,  shrinking,  driving  and  run- 
ning fits  and  limits  for  limit  gauges.  It  is  a  study  of  previously 
existing  information  reduced  to  usable  form.  The  available 
matter  in  the  form  of  scientific  investigation  and  records  of 
successful  practice  was  the  basis  of  the  paper.  The  data  were 
transferred  to  rectangular  co-ordinates  and  put  into  the  shape 
of  curves.  Representative  curves  indicating  good  practice 
were  then  constructed  and  these  are  given  in  the  paper  in  con- 
nection with  formuliB.     We  shall  refer  to  this  paper  again. 

"Drawing  Office  Equipment."  By  J.  McGeorge. — While  con- 
cerned chiefly  with  a  large  drawing  office,  such  as  that  of  the 
Wellman-Seaver-Morgan  Company,  of  Cleveland,  with  which 
the  author  is  connected,  this  paper  presents  a  high  ideal  of 
drawing  office  equipment,  which  is  equally  important  in  smaller 
establishments.  The  paper  boils  down  the  generalities  and 
brings  out  particularly  "the  necessity  of  saving  the  manual 
and  mental  drudgery  of  the  draughtsman  and  thereby  getting 
the  highest  possible  efficiency."  The  author  reflects  severely 
upon  the  policy  of  using  poor  equipment  in  drawing  offices 
where  such  important  and  expensive  work  is  done.  A  case 
is  cited  where  a  saving  of  $360  per  year  is  made  by  use  of  the 
cheapest  material.  The  salary  account  of  that  office  was  $100,- 
000  per  year,  and  probably  $10,000  to  $15,000  was  lost  through 
the  saving  of  the  small  amount  mentioned.  The  first  point  for 
consideration  was  light.  Good  daylight  was  essential,  and  for 
artificial  lighting  the  Nernst  lamp  was  strongly  recommended. 
The  light  should  be  thrown  to  the  ceiling  and  diffused  from 
white  walls  and  ceilings.  Next  came  ventilation,  a  matter 
which  was  becoming  more  generally  appreciated.  An  exhaust 
fan  system  was  recommended.  Good  tables  were  absolutely 
necessary.  The  author's  company  were  about  to  use  a  new 
and  excellent  table  shown  by  means  of  an  engraving.  Good 
business  policy  required  100  sq.  ft.  per  man  for  floor  space. 
The  paper  concluded  with  a  very  strong  argument  in  favor  of 
the  use  of  the  Universal  Drafting  Machine.  (See  American 
Engineer,  December,  1902,  page  389.)  The  paper  includes 
plans  of  several  large  and  well  appointed  drawing  rooms. 

"A  Graphical  Daily  Balance  in  Manufacture."  By  H.  L. 
Gantt. — This  paper  shows  the  entire  feasibility  of  knowing 
exactly  all  the  work  that  has  been  done  in  a  large  plant  one 
day,  before  noon  of  the  next  day,  and  of  securing  a  perfect 
balance  of  work  in  order  to  lay  out  that  afternoon  in  a  logical 
manner  the  -work  for  the  next  day.  Such  information  is  stated 
to  be  "far  more  important  than  an  improved  tool  steel  or  a- 
new  set  of  piece-work  prices.  It  should  be  established  before 
the  introduction  of  either  of  these  in  order  that  we  may  have 
some  means  of  measuring  the  gain  made  by  their  introduction, 
and  it  should  remain  after  they  are  introduced,  to  show  that 
a  forward  step  once  taken  is  never  retraced.  The  author 
stands  for  exact  knowledge  of  what  is  being  done  as  the  basis 
for  improvement,  and  the  paper  indicates  the  simple  details 
of  a  comprehensive  and  inexpensive  method  of  securing  this 
information  as  employed  at  the  Schenectady  works  of  the- 
American  Locomotive  Company.  He  would  make  the  account- 
ing system  a  potent  factor  in  helping  production  instead  of 
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being  critical  only.  This  is  an  im|)ortant.  paper,  anri  every 
shop  officer  and  nianaser  or  Bupcrintcmlcnt  should  embody 
something  of  the  sort  in  his  practice. 

"IVIechanics  of  Air  Bralie  Systems."  By  H.  G.  Manning. — 
Credit  for  originating  and  bringing  up  to  its  present  high 
efficiency  tlie  present  day  compressed  air-brake  systems  all 
over  the  world  is  given  by  the  author  to  George  Wcstinghouse, 
and  to  him  alone.  Tin;  pai)pr  presents  some  of  lht>  principal 
parts  of  the  Westinghousc,  the  New  York  and  the  Pennsylvania 
air-brake  .systems.  It  will  present  to  the  mind  of  the  reader 
some  of  the  differences  in  engineer's  valves,  pumps  and  triple 
valves  made  by  these   niaiinfacturers. 


"Test  of  an  Hydraulic  Klevator  System."  By  It.  P.  Bollon. — 
This  paper  describes  tests  made  on  a  passenger  elevator  In  a 
dcpartnuinl  store  in  New  York,  In  order  to  ascertain  whether 
the  contractor's  guarantee  was  met.  The  elevators  had  a  car- 
rying capacity  of  3,000  lbs.  and  a  speed  of  300  ft.  per  minute 
at  that  load.  Each  car  Was  given  a  load  of  1,000  lbs.  From 
the  results  the  following  figures  are  taken: 

I'cr   cur    mile,    fuel 82..'i2      llw. 

I'cr  car   mile,   slciun '2'.il.!i          " 

I'lT  car   iiiilo,   w.itcr  pumped tj,02."i          gab). 

Live  l<i:id  iiclu;illy  lifted. 'por  car  mile 2.(i4().<)iy(}  foot-lbs. 

Live  load  actually  travelc<l,  per  car  mile 5,2H0.f»f)f)        " 

Live  load  lifted  p(?r  pound  of  fuel 8i;!,7lMJ        " 


MOTOR-DRIVEN    MACHINE    TOOLS. 


TllK      LaTK.ST     PBACTICH     in      Al'l'LYlNU      INDIVIDUAI,      DltlVICS     TO 
SHAI'KUS. 


No  greater  influence  has  ever  been  brought  to  bear  upon  the 
development  of  sliapers  than  that  resulting  from  the  intro- 
duction of  the  new  "high  d\ity"  steels  for  cutting  tools,  together 
with  the  modern  variable-speed  systems  of  driving  whereby 
the  operators  are  enabled  to  very  quickly  change  cutting 
speeds  and  so  secure  the  fullest  possibilities  from   the  great 


by  starting  boxes  conveniently  located  on  the  rear  of  the  ma- 
chine frames.  It  is  usually  feared,  in  drives  of  this  type,  that 
trouble  might  be  given  by  the  short  belts  occasioned  by  the 
closeness  of  the  pulley  centers,  but  the  experience  of  the  Pot- 
ter &  Johnston  Company  has  proven  this  to  be  not  so.  The 
bells  are  run  fairly  tight  and  give  no  trouble. 

The  upiier  engraving  on  page  270  illustrates  an  application  of 
motor  driving  to  the  lil-in.  bac-k-geared  shaper  built  by  the 
American  Tool  Works  Company.  Cincinnati,  Ohio.  The  motor 
is  mounted  on  a  substantial  base  directly  back  of  the  column 
to  which  it  is  bolted.    The  bolt  holes  in  the  base  are  prolonged 


BELTED   DKIVES    U1>0N    15-lN.   AiND   24-lN.   UNIVERSAL  CRANK-SUAfEHS — UUILT    UY    THE    I'OTTEB    &    JOHNSTON    MACHINE   COiirANY. 

CONSTA.NT-SPEED    MOTORS. — GENERAL    ELECTRIC    COMl'ANT. 


endurance  of  the  tool  steels.  The  importance  of  motor  driving 
in  this  connection  is  rapidly  gaining  ground  with  users  of 
machine  tools,  and  in  many  establishments  important  reduc- 
tions In  the  per-pound  labor  costs  have  been  made.  Several 
instances  of  such  motor-drive  applications  to  shapers  by  the 
more  progressive  tool  builders  are  presented  below. 

Notable  among  recent  applications  of  motor  driving  to 
shapers  are  the  two  machines  illustrated  in  the  engraving  pre- 
sented above,  which  illustrate  two  universal  shapers,  built  by 
the  Potter  &  Johnston  Machine  Company,  Pawtucket,  R.  I., 
thus  equipped.  The  methods  of  mounting  the  motors  in  these 
instances  are  ideally  simple,  the  motors  being  carried  by  mere 
extensions  of  the  shapers'  bases,  to  which  they  are  rigidly 
bolted.  The  drive  is  by  belt  and  cone  pulleys,  having  three 
steps  in  each  case  for  limited  variations  of  speed. 

The  motors  are  General  Electric  Company  constant-speed 
direct-current  motors  on  both  machines.    They  are  controlled 


into  slots  to  permit  of  adjustment  of  the  motor  for  tightening 
the  belt  for  the  drive. 

The  motor  is  of  the  constant-speed  type,  running  at  a  high 
speed,  the  variation  in  cutting  speed  of  the  ram  being  obtained 
through  a  pair  of  properly  proportioned  cone  pulleys,  one  of 
which  is  mounted  directly  on  the  motor  shaft  and  the  other  on 
a  stud  on  the  column.  The  cone  on  the  stud  carries  a  pinion 
which  meshes  into  a  large  gear  on  the  end  of  the  driving  shaft. 
This  ari'angement  is  advantageous  for  belt  driving,  as  it  neces- 
sarily gives  the  belt  a  high  velocity. 

The  advantages  of  this  method  of  drive  are  obvious.  The 
constant-speed  motor  gives  maximum  efficiency  at  minimum 
cost,  speed  changes  being  obtained  mechanically:  no  power 
is  dissipated  through  resistances,  nor  is  a  motor  of  extra  size 
required,  as  would  be  the  case  where  a  variable-speed  motor 
is  installed.  The  belt  runs  at  the  highest  permissible  velocity, 
which  permits  of  reduction  in  size  of  all  parts  connected  with 


no 
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HIGH-SPEED   BELTEP    IIRIVE    Ul'ON    A   21-IN.    BACK-GEAEED  CEANK- 
SHAPEB. THE   AMEBICAN  TOOL   WORKS    COMPANY. 

the  drive,  making  the  whole  an  exceptionally  compact  ar- 
rangement and  leaving  space  around  the  shaper  free  for  the 
operator. 

Directly  below  is  illustrated  an  interesting  motor-drive  upon 
a  14-in.  shaper  which  is  in  use  at  the  works  of  the  Triumph 
Electric  Company,  Cincinnati,  Ohio.  In  this  case  also  the 
motor  is  located  at  the  rear  of  the  shaper,  being  mounted  upon 
an  extension  of  the  base.  The  drive  is  through  a  belt  and  cone 
pulleys  having  four  steps  for  a  limited  number  of  speed 
changes,  the  motor  operating  at  constant-speed  at  its  best  ad- 
vantage. In  this  case  also  no  trouble  is  experienced  with  the 
short  belt. 

The  motor  is  IVa-h.p.  constant-speed  direct-current  motor  of 
the  back-geared  type,  built  by  the  Triumph  Electric  Company. 
It  operates  at  a  speed  of  1,000  revolutions  per  minute,  the  gear 
reduction  being  one-quarter  so  as  to  drive  the  back  shaft  at 
250  revolutions  per   minute.     The  main   switch   and   starting 


box  are   conveniently  located  at  the   side   of  the  machine's 
frame,  as  shown. 

Two  interesting  motor-driven  shapers  are  illustrated  above 
on  the  opposite  page.     These  shapers  were  both  built  by  the 
Cincinnati  Shaper  Company,  Cincinnati,  Ohio.    The  one  shown 
at  the  left  is  a  20-in.  back-geared  shaper  and  has  a  constant- 
speed  drive,  four-step  cones  being  used  for  a  limited  range  of 
speeds.  An  interesting  feature  of  this  application  is  the  method 
of  obtaining  the  necessary  speed  reduction;   the  cone  on  the 
frame  is  mounted  upon  a  bracket  and  has  a  rawhide  pinion 
upon    its   shaft   which    meshes    with    the 
large  gear  upon  the  drive,  as  snown  be- 
low.    This   is  particularly  advantageous, 
as  it  permits  relatively  high  belt  veloci- 
ties upon  the  cones. 

The  motor  used  here  is  a  constant- 
speed  direct-current  motor  built  by  the 
Jantz  &  Leist  Electric  Company,  Cincin- 
nati, Ohio.  It  is  wound  for  500  volts  and 
operates  at  1,200  revolutions  per  minute. 
The  motor  is  mounted  upon  an  extension 
of  the  shaper's  base  by  guide  strips  which 
have  slotted  holes  to  permit  of  readily 
adjusting  the  belt  tension. 

The  shaper  shown  at  the  right  in  the 
above-mentioned  engraving  is  a  16-in. 
back-geared  shaper  built  by  the  Cincinnati  Shaper  Company. 
This  machine  has  a  variable-speed  drive,  the  motor  operating 
upon  the  multiple-voltage  system.  The  motor,  which  is  a  type 
N  motor,  made  by  the  Bullock  Electric  Manirfacturing  Company, 


BELTED  DEIVE  UPON  A  14-IN.  CBANK-SH.^PER  .\T  THE   WORKS   OF  THE     TRIUilPH 
ELECTBIO    COMPANY. — 1%-H.P.    BACK-GEABED    TRIUMPH    MOTOB. 


BELTED    DRIVE    UPON    A    24-IN.    QUICK-STBOKE    CRANK-SHAPER,    WITH 
ADJUST.\BLE    MOTOR    SUPPORT. GOtTLD    &    EBEEHARDT. 


Cincinnati,  Ohio,  has  a  capacity  of  1%  h.  p.  and  a  speed  range 
of  140  to  280  revolutions  per  minute.  It  is  in  this  case 
mounted  upon  a  bracket  at  the  left  of  the  frame  so  as  to 
permit  of  direct  connection  of  the  armature  to 
the  machine's  drive.  The  controller  for  the 
variable  speeds  is  conveniently  located  at  the 
right  of  the  ram,  as  shown  in  the  illustration. 
In  this  connection  we  desire  to  call  attention 
to  the  excellent  application  of  individual  driv- 
ing to  a  26-in.  rack  shaper  built  by  the  Cincin- 
nati Shaper  Company,  which  was  described  on 
page  103  of  our  March,  1903,  issue.  This  instal- 
lation has  been  in  use  at  the  Collinwood  Shops 
of  the  Lake  Shore  &  Michigan  Southern  Rail- 
way for  about  one  year  with  gratifying  suc- 
cess, particularly  with  reference  to  the  fly- 
wheel drive. 


Jolt,  1903. 
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IIUiH-Sl'EED    BELTED    DRIVE    Ul'ON    A    20-IN    CRANK    SHAPEfi. JANTZ    &    T.HTTaT 

MOTOE. 

MOTOR-DRIVEN  SHAPERS. 


MULTIPLE-VOLTAGE     VABIABLE-SPEED      DBTVE. mjlr 

LOCK    ELEOTEIC    MANUFACTUBINQ    COMPANY. 

CINCINNATI  SHAPER  COMPANY. 


Gould  &  Eberhardt,  of  Newark,  N.  J.,  have  taken  a  promi- 
nent stand  in  advocating  tiie  application  of  individual  motor 
driving  to  shapers,  and  make  the  claim  that  it  has  decided 
advantages  over  the  method  of  group  driving  from  line 
shafting.  On  the  opposite  page  is  illustrated  the  new 
24-in.  quick-stroke  Gould  &  Eberhardt  shaper  arranged  for 
motor  driving.  The  motor  mounting  in  this  case  is  very  in- 
teresting— it  consists  of  an  extension  bracket  bolted  to  the 
machine's  frame,  to  which  is  pivoted  a  rocking  base  for  the 
motor.  This  base  is  provided  with  an  adjusting  screw,  as 
shown,  to  permit  of  tilting  the  base  to  tighten  the  belt. 

Four-step  cones  are  used  for  obtaining  different  speeds, 
making  eight  changes  with  the  back  gear,  and  the  Eberhardt 
stroke  and  cone  scale  is  applied,  so  that  the  workman  is  always 
informed  as  to  the  proper  step  on  the  cone  for  a  desired  ram 
stroke.  The  belt  cones  are  carried  on  stationary  sleeves,  the 
sleeves  taking  the  belt  strains,  thus  relieving  the  pinion  shaft 
of  all  save  the  actual  gear  driving  load.  The  control  switch 
and  the  starting  box  for  the  motor  are  conveniently  located 
upon  a  tablet  at  the  rear  of  the  frame. 

The  illustration  at  the  right  presents  a  very  interesting  type 
of  motQr  drive  for  a  shaper.  The  shaper  illustrated  is  a  24-in. 
triple-geared  rack  shaper  built  by  the  John  Steptoe  Shaper 
Company,  Cincinnati,  Ohio.  The  drive  is  from  a  constant- 
speed  motor,  used  in  connection  with  a  countershaft  carried 
by  upright  brackets  upon  the  tool.  The  motor  is  bolted  on  an 
extension  of  the  base  and  is  belted  from  the  motor  to  the  large 
pulley  on  the  countershaft.  This  pulley  is  purposely  made 
heavier  than  ordinary,  and,  as  stated  by  the  makers:  "Is  in- 
tended to  act  as  a  fly-wheel,  holding  the  full  load  on  the  motor 
longer  than  would  otherwise  6e  the  case  andi  thus  doing  away 
with  sudden  variations  of  the  load."  (In  tliis  connection  per- 
mit us  to  call  attention  to  the  editorial  entitled:  "Fly-wheels 
on  Planer  Drives,"  on  page  227  of  our  June  issue.) 

The  builders  state  that  this  method  of  driving  by  a  motor 
gives  a  smooth,  easy  motion  to  the  ram  and  can  be  fully  con- 
trolled from  the  usual  position  of  the  operator,  as,  although  the 
starting  box  is  at  the  rear  of  the  column,  the  motor  may  be 
stopped,  if  necessary  to  stop  the  machine  for  some  time,  by 
throwing  out  the  switch  on  the  side  of  the  column;  while  for 
purposes  of  examining,  and  placing  or  removing  work,  the 
ram  may  be  stopped  instantly  at  any  point  desired  by  the  belt 
Shifting  lever.    The  motor  used  in  this  Instance  is  a  500-volt 


direct-current    constant-speed    Westinghouse    motor    of    2-h.p. 
capacity  and  operates  at  1,200  revolutions  per  minute. 


NOVEL  BELTED  DEIVE  WITH  FLT-WHEHX  UPON  A  2i-TS.  BACK  SHAPES. 
JOHN   STEPTOE   SHAPES  COMPANY. 

2-II.1'.  CONSTANT-SPEED   MOTOB. — WESTINGHOUSE  ELECTBIC  &  MASH- 
FAOTUBINO  CWMPANY. 
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A   NEW     SPECIAL    TAPPING    RADIAL   DRILL. 


FosDiCK  Machine  Tool  Company. 


The  accompanying  engraving  is  an  illustration  of  a  new 
type  of  7-ft.  special  tapping  radial  drill,  which  has  recently 
been  designed  by  the  Fosdick  Machine  Tool  Company,  Cin- 
cinnati, Ohio.  It  embodies  a  particularly  heavy  and  rigid 
design,  being  intended  to  meet  the  special  requirements  of 
locomotive  builders,  railroad  repair  shops  and  other  large 
shops  in  boring  cylinders,  drilling,  reaming  and  tapping  large 
holes,   etc. 

One  of  the  distinctly  new  features  of  this- tool  is  that  it  has 


These  tools  are  being  used  by  the  American  Locomotive 
Company  for  drilling  cylinders,  guide  yokes,  link  hangers, 
rockers,  crossheads,  etc.,  and  also  in  connection  with  a  box 
tool  for  hubbing  off  the  bosses  on  rocker-arm  hubs,  link-hanger 
hubs,  valve-gear  transmission  bars,  etc.  They  are  also  being  used 
by  the  Locomotive  and  Machine  Company  of  Montreal,  Ltd., 
Montreal,  Que.;  the  Wellman-Seaver-Morgan  Company  of 
Cleveland,  the  Stilwell-Bierce  &  Smith-Vaile  Company  of  Day- 
ton, Ohio,  and  the  Laidlaw-Dunn-Gordon  branch  of  the  Inter- 
national Steam  Pump  Company,  Cincinnati.  The  latter  two 
"  concerns  are  using  them  on  pump  work,  employing  the  special 
spindle  speeds  to  excellent  advantage  for  screwing  in  pump- 
valve  seats. 


S4-IN.    SPECIAL    TAl'PI.NG    UAIUAL    DUILL    Il.'l!    LOCOMOTIVE     M.\CHI>.E    WOBK.- 
FOSDICK    MACHINE  TOOL  COMPANY. 


a  positive  thread-cutting  attachment  for  8,  10,  12  and  14 
threads  per  inch  for  heavy  tapping.  The  tapping  attachment 
is  of  a  special  design,  constructed  of  hardened  tool  steel  teeth 
clutches.  The  tool  has  also  a  variable-speed  feed  device,  giv- 
ing four  drilling  feeds,  varying  from  .014  to  .0079  per  revo- 
lution. The  spindle  is  3-15-16  ins.  in  diameter,-  and  has  30 
ins.  traverse.  These  features  maive  it  possible  to  take  care  of 
certain  classes  of  large  work,  heavy  drilling,  tapping,  etc.,  to 
much  better  advantage  than  is  possible  on  the  plain  radial 
drill. 

The  gearing  used  upon  this  drill  is  of  steel  throughout,  all 
bevel  gears  being  planed  from  the  solid.  An  important  feature 
is  that  the  thrusts  of  the  arm,  of  the  spindle  and  of  the  elevat- 
ing screw  are  taken  by  ball  thrust  bearings.  The  improved 
quick  return  used  upon  the  head  permits  of  engaging  the 
power  feed  instantly. 

SPECIFICATIONS. 

Drills    to    center    of    circles    of    diameter 172  ins. 

Greatest  distance  from  spindle  to  base 90  ins. 

Traverse  of   spindle 30    ins. 

Traverse  of  saddle 65  ins. 

Traverse  of  head  on  arm 57   ins. 

Table 24  x  27  Ins. 

Height  of  drill 13   ft. 

Total  height  with  arm  raised 18  ft.  6  ins. 

Floor  space 14  ft,  1  in.  x  17  ft.  4  ins. 

Weight,   net 20,000    lbs. 


THE     MOREHEAD     RETURN 
TRAP. 


The  Morehead  return  trap  is 
constructed  of  steel,  the  heads 
and  longitudinal  seams  being 
closely  riveted  and  caulked,  to 
withstand  any  pressure  carried 
on  the  boiler  without  leakage. 
It  is  simple  in  construction  and 
has  no  rubber  joints  to  blow  out 
or  leak,  and  only  one  valve, 
which  is  on  the  outside.  All 
working  parts  are  on  the  out- 
side, in  plain  sight,  and  easily 
accessible. 

This  trap  is  located  G  ft.  or 
more  above  the  water-line  of  the 
boiler.  The -water  from  the  con- 
densing surfaces  is  forced  by 
the  pressure  of  the  steam  be- 
hind, through  a  pipe  leading  to 
the  trap,  with  a  swing  check 
valve  close  to  the  latter.  As 
soon  as  sufBcient  water  has  en- 
tered the  receiver  to  overcome 
the  counter-balance  weight  the 
receiver  tilts  down,  allowing  the 
water  to  pass  through  the 
discharge  pipe,  at  the  same 
time  open  the  steam  valve, 
which  has  a  pipe  con- 
nected with  the  dome  of 
the  boiler.  By  thus  equalizing 
the     pressure     on     the     surface 


THE    UroUEHEAD    RETURN    STEAM    TRAP. — AMERICAN 
BLOWER  COMPANY. 

of  the  water  in  the  receiver  with  that  in  the  boiler  the  water 
flows  by  gravity  into  the  boiler.  As  soon  as  the  receiver  is 
empty  it  tilts  back  as  before  and  again  refills.  The  trap  is 
prompt  in  opening  and  closing,  its  action  being  entirely  due 
to  gravity.  When  once  set  up  it  requires  no  further  atten- 
tion.     It    takes    the    water    from    the    condensing    surfaces, 
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whether  they  are  above  or  below  the  water  level  in  the  boiler, 
anil  automatically  returns  it  to  the  boiler  at  the  temperature 
duo  to  the  pressure  at  which  the  steam  is  condensed.  There 
is  no  outlet  by  which  the  steam  can  be  wasted.  The  trap  is 
said  to  be  quick  and  positive  in  delivering  the  water  into  lae 
boiler  against  any  pressure,  and  regardless  of  fluctuations  of 
pressure.  It  supplies  all  the  water  needed  in  the  boiler  from 
duties  of  a  pump  or  injector.  It  is  reported  to  operate  equally 
the  main  water  pipe  (providing  there  is  enough  pressure  on 
the  main  to  lift  the  water  to  the  trap)  thus  performing  the 
well  with  high  or  low  pressure  coils,  or  coils  using  exhaust 
steam,  allowing  no  condensation  to  collect  in  them.  For  a 
boiler  plant  of  200  h.p.  having  an  efficiency  of  05  per  cent,  and 
an  evaporation  of  G,900  lbs.  of  water  per  hour,  from  and  at 
212  degs.,  under  average  conditions,  the  saving  effected  b'y  a 
Morehead  return  trap  for  a  year  is  more  than  twice  the  cost 
of  installing  one  large  enough  to  handle  such  a  plant. 

Where  a  return  trap  of  this  kind  is  not  employed,  the  usual 
way  of  handling  condensation  is  by  means  of  a  pump.  A  com- 
parison of  the  two  methods  shows  many  points  of  advantage 
in  favor  of  the  former.  A  pump  will  not  lift  water  at  temper- 
atures exceeding  212  degs.;  a  Morehead  return  trap  will  do  so. 
A  pump  consumes  an  extravagant  amount  of  steam  to  do  a  very 
little  work.  For  example,  an  ordinary  duplex  boiler-feed 
■pump  requires  from  90  to  120  lbs.  of  steam  per  horsepower 
hour  and  a  common  slide-valve  engine  seldom  consumes  less 
than  40  lbs.  per  horse-power.  The  pressure  is  admitted  to  the 
surface  of  the  water,  and  is  automatically  shut  off  before  the 
tank  is  empty.  The  steam  used  is  only  such  as  is  condensed  by 
the  teat  passing  from  it  into  the  water  in  the  tank,  which  is 
all  put  back  into  the  boiler. 

It  is  claimed  that  a  Morehead  return  trap  requires  practi- 
cally no  attention;  needs  no  lubrication;  will  not  race  or  run 
away;  is  noiseless;  requires  little  room  and  no  foundation. 
Full  information  may  be  obtained  by  addressing  the  American 
Blower  Company,  of  Detroit,  Mich. 


MASTER    MECHANICS'    ASSOCIATION. 


The  Kennieott  Water  Softener  Company  annoimco  that  thpy 
have  secured  the  services  of  Professor  AV.  M.  Hruce,  formerly  of 
the  University  of  Chicago,  who  has  assumed  full  charge  of  their 
laboratories. 


The  Gold  Car  floating  and  Lighting  Company  lia.s  brought  suit 
in  the  Unitod  Stales  Circuit  Court,  Northern  Pi.strict  iif  Illinois, 
at  Chicago,  111.,  against  Egbert  H.  Gold,  for  infringement  of 
United  State.s  letters  patent  No.  388,772  for  car-heating  apnaratus. 


We  are  requested  to  direct  the  attention  of  railroad  managers  to 
the  special  service  division  of  the  Edward  Smith  Company  whic)i 
is  stated  to  have  been  very  successful  in  connection  with  reorgan- 
izations of  various  departments  of  railroads  in  reducing  expense-s 
and  rai.sing  the  operation  of  departments  to  the  highest  possible 
standards.  The  Edward  Smith  Company  emplo.vs  mechanical  ex- 
perts who  enter  the  service  of  the  railroad  as  regular  employees. 
They  investigate  conditions  and  furnish  detailed  reports  with 
recommendations  as  to  pos.siule  methods  for  improvement.  Infor- 
mation and  references  will  be  furnished  on  application  to  Edward 
Smith,  vice-president  and  general  manager  of  the  Edward  Smith 
('onipany.  Detroit,  Michigan. 


Mention  has  been  made  several  times  recently  in  thi.s  paper  con- 
cerning the  rapid  strides  which  have  been  taken  by  the  Pressed 
Steel  Car  Company  of  Pittsburg  in  the  manufacture  of  pressed 
.steel  cars,  and  it  is  with  pleasure  that  we  note  that  this  company 
has  built  and  shipped,  up  to  and  including  May  29,  1003,  100.467 
cars.  This  figure  represents  the  actual  number  of  cars  which  are 
in  service  to-da.v  manufactured  by  the  Pressed  Steel  Car  Company, 
which  includes  steel  cars  as  well  as  wooden  cars  for  which  steel 
underframes  have  been  furnished.  This  company  has  for  some 
time  past  shipped  over  120  cars  per  day  from  its  McKees  Rocks 
and  Allegheny  plants,  using  in  the  mantifacture  of  these  cars  from 
45,000  to  50,000  tons  of  steel  plates  per  month.  From  the  present 
outlook  all  previous  records  which  have  been  established  in  car 
building  will  be  eclipsed.  It  is  estimated  that  the  output  this  year 
will  exceed  38,000  finished  cars.  Large  orders  for  cars,  both 
wooden  and  steel,  have  been  received  for  early  delivery,  in  addition 
to  a  large  number  of  pressed  steel  body  and  truck  bolsters,  freight 
car  and  engine  tender  trucks,  as  well  as  other  pressed  steel  special- 
ties for  wooden  and  steel  cars. 


THIRTY-SIXTH    ANNUAL    CONVENTION. 


AIJSTUAUTS   OF   UEPOKTS. 


|ii;,\\VI'..\U     AND     UUFFEU     ATTACHMENTS     FUlt     USE 
HETWEEN  ENGINE  AND  TENDER. 


INDIVIUUAI.   PAI'KB   HY    IIKNHV    llAim 'TT. 


lOdilor's  Note. — After  commenting  upon  the  uncertainty  and 
iiou-uiiifurmity  of  ijraclice  in  these  atlachmeuls  the  author  points 
Ici  I  III,'  great  magnitude  of  the  stresses  invoked  and  indicates  the 
fuiiilainental  luiuciples  of  correct  construction.  He  diKCu.sse»  the 
frame  and  strength  of  drawbar.s,  the  lifting  elTect  of  offset  bars, 
the  effect  of  springs  and  slack  in  the  buffers,  and  then  ijrewents  two 
l)ossiblo  solutiiins.  The  |)apcr  is  an  excellent  one,  giving  detail 
drawings  of  a  large  muiiber  of  draft  connections.  It  concludes 
with  the  following  summary  : 

In  want  of  any  actual  information  as  to  the  behavior,  hopeful 
or  otherwise,  of  an  adaption  of  M.  G.  B.  coupler  principle  be- 
tween engine  and  tender,  I  am  disposed  therefore  to  propose  as  a 
linal    recommiiiilation  : 

1.  That  the  provision  for  bufhng  stresses  take  the  best  possible 
form  of  an  adjustable  wedge. 

2.  That  the  drawbars  be  straight,  even  at  the  expense  of  re- 
designing foot  plates  and  tender  front  draw  castings  in  new  work 
and  renewals. 

3.  That  the  drawbar  pinholes  be  provided  with  ample  bearing 
area. 

4.  That  an  elongated  eye  be  provided  at  one  end  to  prevent  the 
bar  from  ever  coming  into  compre.ssi(Ui. 

5.  That  sufficient  stock  be  provided  at  both  ends  to  prolong  the 
wear  in  the  pinholes. 

(!.  That  4,000  lbs.  be  aimed  at  as  the  working  stress  with  straight 
bars. 

7.  That  the  drawbar  shall  be  of  the  best  materials,  and  that  a 
limit  shall  be  set  to  the  repetition  of  welding  a  bar  in  repairs. 

Finally,  that  a  system  of  inspection  of  drawbars  and  related 
gear  at  stated  frequent  intervals  be  instituted  and  rigorously  ob- 
served. 


RECENT  IMPROVEMiENTS  IN  BOILER  DESIGN. 


COMMITTEE — D.    VAN    ALSTINE,    O.    B.    HENDERSON,    T.    W.    DEMAREST. 
O.   n.   REYNOLDS,    JOHN   PLAYER. 


Editor's  Note. — This  valuable  illustrated  review  of  present  ten- 
dencies in  boiler  design  indicates  the  universal  desire  to  secure 
maximum  capacity,  the  efforts  of  the  past  year  having  been  in  this 
direction.  The  wide  firebox  now  rapidly  assuming  a  position  as 
a  standard  of  construction  was  responsible  for  the  great  addition 
to  the  length  of  tubes.  A  table  of  dimensions  of  recent  boilers 
shows  the  tendency  toward  larger  heating  surfaces  both  here  and 
abroad.  The  use  of  the  Drummond  water  tube  firebox  construc- 
tion (see  American  Engineer,  March,  ISiin,  page  79)  was  promi- 
nently mentioned  in  the  report  and  attention  was  called  to  the 
progress  of  super-heating  both  here  and  in  Europe.  The  commit- 
tee laid  special  stress  upon  the  fallacy  of  crowding  boilers  witu 
tubes  to  the  detriment  of  circulation.  The  report  concludes  with 
the  following  opinions  with  regard  to  Ivoiler  practice  : 

The  committee  has  reached  the  conclusion  that  boiler  troubles 
have  increased  in  proportion  to  the  increase  in  size  and  steam 
pressure  of  boilers. 

Those  roads  having  very  little  trouble  with  old  boilers  are  hav- 
ing very  little  more  with  modern  boilers,  and  those  which  have 
always  "had  a  good  deal  by  comparison,  are  having  a  good  deal 
more'  with  their  modern  boilers.  Poor  water  is  evidently  the  chief 
cau.se  of  boiler  troubles,  though  it  is  evident  that  poor  coal,  severity 
of  service,  contracted  water  spaces,  etc.,  contribute  to  an  aggrava- 
tion of  the  trouble.  It  would  appear  also  that  in  poor  water  the 
incrusting  solids  are  not  alwa.vs  the  governing  factor,  but  that 
other  solids  also  have  their  effect  in  producing  cracked  side  sheets 
and  leakv  flues. 

One  horse-power  for  3  sq.  ft.  of  heating  surface  seems  to  be 
about  all  that  can  be  safely  relied  upon  as  a  regular  performance 
with  water  ordinarily  found  in  the  middle  and  western  States,  but 
this  can  be  improved  upon  where  water  is  of  better  quality. 

There  seems  to  be  no  question  but  that  the  wide  grate  is  at  least 
10  per  cent,  more  economical  than  the  narrow,  in  burning  bitumin- 
ous coal,  but  that  its  economy  while  running  is  to  some  extent 
offset  by  its  comparative  waste  of  coal  while  standing  idle  on  side 
tracks  or  at  terminals,  and  this  waste  appears  to  incre.ase  propor- 
tionallv  to  the  increase  in  grate  area. 

No  conclusion  could  be  made  as  to  the  maximum  grate  area 
which  a  fireman  can  economically  fire,  but  it  no  doulit  depends 
on  the  quality  of  the  coal,  and  for  a  clinkering  coal  would  aooear 
to  be  in  the  'neighborhood  of  45  sq.  ft.  ,     .      ,,     ,        <-  -  , 

Treating  water  in  lo^"\motive  tenders  is  undoubtedly  benehcial. 
provided  it  is  folic"  J>  with  frequent  blowing  down  and  wash- 
ing out,  in  that  it  retards  the  formation  of  scale  and  overheating. 
The  quality  of  the  water  may  be  so  poor,  however,  as  to  require 
so  much  soda  ash  or  other  reagent  and  hence  so  much  washing  out 
that  the  good  effects  of  the  soda  ash  are  offset  by  the  bad  effects 
of  too  much  washing  out.  . 

The  correct  method  of  treating  water  appears  to  be  in  station 
tanks  so  that  solid  matter  does  not  got  into  the  boiler,  but  even  by 
this  treatment  there  seems  to  be  danger  of  making  the  water  so 
alkaline  as  to  foam  badly.  ....  ^-       ^ 

The  committee  would  call  attention  m  this  connection  to  re- 
tarded circulation  to  such  an  extent  that  flues  and  back-flue  sheet 
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qre  frequently  and  highly  overheated.  Wide  fireboxes,  poor  coal 
and  poor  firing  admit  large  volumes  of  cold  air  against  overheated 
flues  and  sheets  and  the  wide  range  of  temperature  to  which  flues 
are  subjected  loosens  them  circumferentially  and  draws  them  in 
and  out  longitudinally.  Flues  are  frequently  found  so  loose  that 
they  can  be  shaken  in  the  sheet.  Short  pieces  of  flue  rolled  into 
a  piece  of  %-in.  firebox  steel  in  the  usual  manner,  heated  to  a 
dull  red  and  suddenly  cooled  require  a  considerable  number  of 
heatings  to  make  them  loose.  This  is  not  exactly  a  parallel  case 
to  flues  in  a  boiler,  but  the  conditions  are  somewhat  similar. 

An  experiment  was  made  to  determine  the  temperature  surround- 
ing flues  by  plugging  certain  flues  at  both  ends  with  asbestos  and 
placing  asbestos  plugs  2  ft.  apart  throughout  the  lengtii  of  the 
flue  with  two  pieces  of  fusible  metal  in  each  space,  one  piece  melt- 
ing at  410^  to  420°  and  the  other  from  440°  to  450°  Fahr.  The 
results  are  given  in  Table  No.  3  (not  reproduced),  and  show  that 
the  temperature  surrounding  the  flues  was  considerably  above  the 
temperature  of  saturated  steam  at  220  lbs.  at  the  back  end  and  in 
the  case  of  upper  flues  it  was  higher  all  the  way  through. 

If  the  surrounding  temperature  is  so  high  in  a  flue  thus  plugged 
it  must  be  still  higher  about  flues  through  which  fire  is  passing, 
and  it  is  probable  that  the  temperature  at  flue  sheet  is  very  much 
higher.  There  is  no  evidence  to  prove  that  a  flue  will  not  stand 
a  considerable  amount  of  overheating  without  leaking,  but  it  would 
appear  that  those  that  are  leaking  are  subjected  to  too  high  and  too 
great  a  range  of  temperature. 

It  is  only  necessary  to  have  a  sufficient  body  of  water  against 
side  sheets  "to  reduce  cracked  side  sheets  and  broken  stay  bolts  to 
a  minimum.  It  should  follow  that  flues  can  be  spread  far  enough 
apart  to  stop  their  leaking,  but  the  spreading  of  flues  reduces  the 
heating  surface  verv  rapidly  and  the  widest  spacing  the  committee 
has  knowledge  of,  namely,  3%-in.  centers  for  2-in.  flues,  has  not 
cured  the  trouble. 

In  conclusion  the  committee  would  recommend  the  appointment 
of  a  committee  for  the  ensuing  year  to  further  investigate  the  ques- 
tion of  leaky  flues. 

PISTON  VALVES. 


COMMITTEE — F.    F.    GAINES,    K.    P.    C.    SANDERSON,     F,.    H.    CLABK. 


From  the  replies  received  it  would  seem  that  the  type  of  valves 
more  generally  favored  is  either  the  hollow  internal  admission  or 
hollow  external  admission,  and  while  there  is  a  fair  proportion  of 
solid  internal  admission  valves  there  are  very  few  solid  external 
admission  valves  in  use,  unless  we  consider  the  piston  valve  used 
on  the  Vauclain  compound  as  being  of  this  type. 

The  D.  &  H.  Co.  state:  "In  the  spring  of  1902,  Messrs.  Camp- 
bell and  DuBois,  .seniors  of  Cornell  University,  made  a  compara- 
tive test  in  freight  service  in  Cla.ss  E-2  and  E-3  engines.  The 
engines  were  laden  proportionately  to  tractive  power.  Deductions 
gathered  from  this  test  show  a  saving  on  the  piston  valve  engine 
of  1.8  per  cent,  due  to  valve.  The  piston  valves  were  new,  and 
the  slide  valves  were  recently  shopped."  While  not  so  stated,  this 
economy  is  apparently  due  to  steam  distribution,  and  as  the  per- 
centage of  gain  is  so  small  it  is  questionable  if,  after  the  elimina- 
tion of  errors  of  observation,  there  would  remain  any  advantage. 
Several  other  roads  express  preferences,  but  without  giving  rea- 
sons so  fully.  .      ,.    ,      .         ,•   J        CI 

As  regards  the  ratio  of  diameter  of  cylinder  to  cylinder  of  valve 
both  in  simple  and  compound  engines  there  seems  to  be  a  large 
variation  between  the  maximum  practice  and  the  minimum  practice. 
In  simple  engines  the  high  pressure  varies  from  1.66  to  2.1.  For 
the  Vauclain  compound  system  the  high  pressure  varies  from  1  to 
1.38,  and  for  the  low-pressure  cylinder  from  1.67  to  2.30.  The 
variation  in  the  other  types  of  compounds  is  not  so  marked,  due 
to  fewer  replies  being  received  covering  these  types.  It  is  the 
opinion  of  the  committee  that  the  lower  ratios  indicate  the  better 
practice  and  that  the  higher  ratios  should  only  be  used  on  freight 
and  switching  engines.  .      ,.  ,       ,        ^ 

As  regards  the  value  of  the  various  types  of  relief  valves  from 
water  it  is  not  thought  that  the  valve  in  cylinder  head  fulfills  its 
function  in  the  manner  that  it  is  expected  to.  It  has  been  the  ex- 
perience of  one  road  that  the.se  valves,  after  being  m  service  for 
a  short  time,  corrode,  or  through  other  causes  fail  to  lift  at  the 
pressure  at  which  they  are  set.  and  that  they  are  of  but  little 
value  as  relief  from  water  in  cylinders.  As  to  relief  when  drift- 
ing, very  few  of  the  by-pass  valves  or  relief  valves  are  thoroughly 
successful  where  the  speed  is  high.  . 

Various  types  of  packing  rings  are  in  use,  as  well  as  rings  ot 
the  same  style  varying  greatly  in  their  dimensions.  The  rectang- 
ular cast-iron  snap  ring,  together  with  the  cast-iron  "L"  ring,  ap- 
pears to  be  used  in  the  majority  of  crises,  while  for  the  rectangular 
rings  about  %  by  Va  in.  and  for  "L"  rings  %  by  Vi  in-  setm  to 
be  the  prevailing  sizes.  In  some  few  of  the  valves  provided  with 
followers  heavier  rings  are  used,  and  it  is  questionable  if  the  pre- 
vailing practice  is  not  too  light  rather  than  too  heavy.  As  regards 
the  various  advantages  of  the  rectangular  and  '  L  shaped  rings, 
it  would  seem  that  the  rectangular  rings  generally  have  the  ad- 
vantage of  strength,  longer  life,  cheaper  cost  and  cheaper  main- 
tenance, while  to  offset  this,  the  "L"  ring,  especially  on  high-speed 
engines,  gives  a  verv  much  better  port  opening  with  less  wire 
drawing  of  steam.  The  "L,"  ring  naturally  has  a  greater  unbalanced 
surface  than  the  rectangular  ring,  and  it  is  the  experience  of  one 
road  that  it  wears  both  itself  and  the  chamber  very  much  more 
rapidly  than  the  rectangular  ring.  Tour  committee  believes  that 
in  most  designs  the  extension  part  of  the  "L"  ring  projects  too  far. 

Relative  to  exhaust  effect,  the  Chicago.  Burlington  &  Quincy 
states  as  follows :  "We  have  made  experiments  on  valve  friction  of 
internal  admission  piston  valves  of  both  hollow  and  solid  types. 
With  the  solid  valve,  cards  taken  show  that  at  slow  speed  there  is 
an  excessive  push  forward  on  the  valve  when  exhaust  first  opens. 

The  Boston  &  Maine  .states  as  follows :  "We  have  made  no  test 
on  piston  valves  for  friction.  We  observed  that  when  our  first 
consolidation  engines  arrived,  they  soon  began  to  sound  badly 
out  of  square,  the  indicator  diagram  showing  that  the  valves  were 


not  cutting  off  equally,  yet  no  discrepancies  could  be  found  in  the 
valve  setting  or  motion  work.  The  defect  was  attributed  to  the 
removal  of  pressure  from  back  end  of  the  valve  by  the  valve  stem, 
the  greater  pressure  on  the  front  end  keeping  the  slack  all  taken 
up  in  one  direction  and  allowing  valve  to  keep  as  far  back  as  pos- 
sible. This  condition  existed  for  speeds  up  to  30  miles  per  hour, 
above  which,  apparently,  the  inertia  of  the  parts  overcame  the  un- 
balanced force.  The  inequalities  of  the  exhaust  sound  increased 
with  increased  slack  in  the  motion  work.  The  trouble  was  over- 
come by  enlarging  the  back  head  of  the  valve  by  an  area  equal  to 
a.-ea  of  the  valve  stem." 

No  experiments  seem  to  have  been  made  with  a  view  to  determ- 
ining the  steam  lost  due  to  worn  rings,  and  judging  from  remarks 
made  at  the  topical  discussion  on  this  subject  at  last  year's  meet- 
ing, it  would  seem  that  there  is  a  wide  variation  of  opinion  as  to 
the  amount  of  this  loss.  One  road  states  that  while  having  made 
no  accurate  tests  to  determine  the  steam  loss  due  to  wear  of  pack- 
ing rings,  two  of  the  master  mechanics  who  had  made  shop  tests 
on  this  point,  are  of  the  opinion  that  the  rings  can  easily  repre- 
sent a  loss  of  15  per  cent,  over  steam  consumption  with  rings  in 
first-class  condition. 

Only  two  roads  replying  to  the  circular  acknowledge  having  had 
any  experience  with  the  new  type  of  American  balance  slide  valve. 
One  of  these  states  that  two  engines  are  equipped  with  most  ex- 
cellent results.  The  other  has  had  four  engines  equipped  for  about 
a  year's  time,  and,  with  the  exception  of  some  minor  difficulties 
in  the  start  which  were  later  overcome,  the  results  have  been  very 
good.  The  valve  (see  American  Engineer,  April,  1902,  page  125) 
has  both  double  admission  and  double  exhaust  features,  and  while 
no  indicator  cards  have  ever  been  taken  to  show  how  much  has 
been  gained  by  this  feature,  there  can  be  no  question  but  that  it  is 
an  appreciable  factor.  Your  attention  is  also  called  to  the  fact 
that  with  this  type  of  valve,  all  balancing  parts  are  stationary 
and  not  subject  to  wear,  and  that  in  two  different  ways  a  very 
.short  steam  port  may  be  obtained.  One  of  these  will  be  found 
illustrated  in  connection  witii  the  valve  mentioned  in  the  Appendix, 
showing  cylinders  upon  which  it  is  used,  and  how,  by  making 
wide  shallow  exhaust  cavity  in  cylinder,  a  short  steam  port  was 
obtained.  The  other  method  by  which  this  can  be  accomplished  is 
to  use  inside  admission,  as  there  is  nothing  in  the  way  of  balancing 
this  valve  equally  as  well  for  inside  as  for  outside  admission, 
although  it  is  believed  the  latter  has  not  yet  been  tried.  Notwith- 
standing the  large  size  of  this  valve  as  illustrated,  in  connection 
with  210  lbs.  of  steam,  the  engine  can  be  handled  with  a  full 
throttle  with  ease,  showing  that  valve  is  perfectly  balanced.  It 
also  has  the  advantage  of  providing  for  relief  from  over  pressure 
in  the  cylinders  by  lifting  in  the  same  manner  as  the  ordinary 
slide  valve,  and  oia  account  of  the  double  exhaust  feature  there 
must  be  considerable  decrease  in  back  pressure,  which  is  evidenced 
to  a  certain  extent  by  the  very  short,  sharp  exhaust. 

The  replies  as  to  the  chief  advantages  of  piston  valve  seem  to 
be  fairly  uniform  and  consist,  in  the  main,  of  better  balancing, 
which  includes  ease  of  handling  and  decrease  in  wear  and  tear  of 
motion  work.  In  addition,  some  replies  give  le-ss  cylinder  clear- 
ance, better  steam  distribution,  less  cost  for  maintenance,  shorter 
-  steam  pa.sses,  decreased  back  pressure,  better  distribution,  larger 
port  openings ;  and  on  the  four-cylinder  compound  the  fact  that  the 
piston  valve  really  takes  the  place  of  the  two  valves,  in  that  it 
distributes  the  steam  to  both  high  and  low-pressure  cylinder,  great- 
ly simplifies  the  motion  work  and  the  number  of  parts.  It  '^ 
question.able  if  all  the  advantages  claimed  are  real  and  tangible, 
as  it  seems  that  some  of  these  attributes  can  be  obtained  equally 
as  well  or  better  with  other  types  of  valve.  It  would  seem  that 
the  question  of  lubrication  is  not  a  settled  one.  The  reply  of  0.°^ 
road  states  that  where  engines  with  piston  valves  have  to  drift 
for  long  distances  the  question  of  properly  lubricating  the  piston 
valve  becomes  a  very  serious  problem,  and  it  is  hoped  that  a  dis- 
cussion of  this  paper  will  bring  out  some  more  definite  information 
on  these  points.  It  would  seem  that  the  reason  for  the  growing 
favor  in  which  the  piston  valve  is  held  is  due  largely  to  reasons  as 
given  by  one  of  the  roads  in  reply  to  the  circular,  as  follows :  Our 
reasons  for  taking  up  the  piston  valve  are  that  with  the  increased 
size  of  engines  and  steam  pressure  the  ordinary  balance  D  slide 
valve  increases  in  size  proportionately,  and  while  we  may  balance 
the  valve  in  the  same  ratio  as  the  valves  on  the  smaller  engines, 
the  difference  in  unbalanced  surface  increases  with  the  size  of  the 
engine.  This  increases  the  wear  on  the  valve  and  link  motion, 
eccentrics  and  straps,  and  increases  the  work  necessary  _  on  the 
part  of  the  engineman  to  handle  the  engine."  The  foregomg  rea- 
sons probably  cover  the  situation,  the  Lake  Shore  stating  that  on 
a  verv  careful  test  an  economy  of  about  5  per  cent,  was  shown, 
which"  they  considered  due  to  back  pressure  and  perhaps  slightly 
to  decreas'e  of  amount  of  compression.  ^      .„   u     c       a 

In  the  Appendix  which  accompanies  this  report  will  be  found 
the  tests  referred  to  on  various  types  of  valves  and  valve  bushings, 
which  illustrate  very  thoroughly  the  practice  of  this  country  as 
regards  the  piston  valve.  Some  of  the  modifications  as  to  design 
of  ring  will  be  found  very  interesting.  _  -j     ,.  .u   * 

From  the  replies  to  some  of  the  questions  it  is  very  evident  that 
little  or  nn  data  is  available  on  some  of  the  subjects  brought  up 
in  connection  with  the  piston  valve.  Tour  committee,  therefore, 
recommends:  .       .,  ,.     c  i  t 

First  •  That  tests  be  made  to  determine  the  amount  of  loss  ot 
steam  due  to  worn  packing  rings.  Such  tests  should  include  the 
various  types  of  rings  illustrated  in  the  report. 

Second  •  That  tests  be  made  to  determine  whether  the  steam  or 
the  exhaust  rings  are  rhe  most  responsible  for  the  decreased  effi- 
ciencv   due   to   wear.  .       .  *     •  .  i 

Third :  That  the  question  of  proper  lubrication  of  piston  valves 
when  drifting  be  more  thoroughly  investigated.  ,,  j    ^„    ,i,„ 

Fourth  •  The  attention  of  the  committee  being  called  to  the 
question  of  valve  setting  in  connection  with  the  piston  valve  after 
it  was  too  late  to  include  it  in  the  circular,  by  one  road  stating 
that  with  identical  valve  motions,  to  obtain  equal  work,  modifica- 
tions in  the  piston  valve  setting  must  be  made,  it  is  suggested  that 
further  investigation  be  made  along  this  line. 


July,  1903. 
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LOCOMOTIVE  FRONT   ENDS. 


COMMITTEE — II.    It.    VAUCillAN,    V.    H.    CLAKK,    A.    W.    (UrsBS,    W.    V.    M. 
UOSS,    UOIilCET   QUAYI.B. 


Your  Commitloe  on  Locomotive  Front  Ends,  nppointod  to  assist 
the  American  Enginickb  and  Railuoad  Journal  in  tlie  test.s 
being  carrii'd  out  .nt  I'lirdno  University  along  tlie  lines  of 

fa)   I'roixT  diiiL(>n.sion.s  for  standard  front  end, 

(b)  Elimination   of  ciudcr  valves, 

(c)  Elimin.ntion  of  llio  diapliragm, 
begs  to  report  as  follows : 

Since  the  conclusions  d<'rived  from  (he  te.sis  being  carried  out 
by  Purdue  University,  under  the  arrangements  made  with  the 
American  ENtiiNKER^  were  not  immediately  avai-lahle  when  thi.s 
committee  wa.s  appointed,  it  was  deemed  inad\isMlilc  to  hold  an 
early  meeting  as  instructed  by  the  E.xecutive  ('uaimil  I'l',  and  action 
was  therefore  deferred  until  rrofe.s.s()r  Goss  pr<'.srut<'d  a  <'omplete 
report.  On  receipt  of  this  it  was  at  once  .seen  that  a  most  valu- 
able addition  to  existing  information  on  the  front  end  problem 
had  been  made  and  that  the  cxiieriments  certainly  decided  the 
relations  of  the  .stack  and  nozzle  ddinitely  and  finally  so  far  as 
it  could  be  possible  to  do  so  on  a  testing  plant.  The  conclusions 
are  of  such  importance  that  we  corLsider  they  should  now  be 
recorded  in  the  rc>i)ort  of  this  committee  for  the  information  of 
the  members.  The  report  presented  also  included  a  section  devoted 
to  a  problem  for  further  study.  As  this  outlines  as  desirable  a 
series  of  tests  and  is  with  one  addition  entirely  concurred  in  by 
your  committee  this  section  is  also  included. 

The  sections  above  referred  to  which  are  reproduced  from  the 
American  Engineer  are  as  follows : 

Editor's  Note — At  this  point  the  report  present.s  the  Summary 
of  Results  constituting  Section  VIL  of  the  report  by  Professor 
Goss,  which  appeared  in  the  .Tune  number  of  the  American  Engi- 
neer, followed  by  Section  VIIL,  Problems  for  Further  Study. 
The  committee  report  then  proceeds  a.s   follows  : 

It  might  be  stated  that  the  engine  on  which  these  tests  were 
made  had  a  front  end  .54  ins.  in  diameter,  and  the  conclusions 
adapting  the  results  obtained  on  this  engine  to  those  of  a  larger 
size  were  obtained  by  considering  the  diameter  of  the  front  end  as 
a  unit,  and  increasing  the  size  of  the  stack  in  direct  proportion. 
AVhile  this  may  be  a  correct  method,  we  feel,  since  all  locomotives 
recently  built  or  that  are  liable  to  be  constructed  in  the  future 
will  have  front  ends  of  considerably  larger  sizes,  this  subject  will 
not  be  left  in  a  satisfactory  condition  unle.ss  further  tests  are  car- 
ried out  to  confirm  or  correct  this  assumption. 

We  were  advised  by  Professor  Goss  that  it  would  not  be  pos- 
sible to  carry  out  further  tests  in  continuation  of  the  American 
Engineer  series  prior  to  .Tune,  1903,  on  account  of  the  conditions 
at  Purdue  University,  and  we  also  anticipated  that  considerable 
difficulty  would  be  experienced  in  obtaining  the  use  of  a  sulfi- 
ciently  large  engine  with  the  present  demand  for  power.  It  was, 
therefore,  decided  to  request  those  members  who  formed  the  origi- 
nal committee  organized  to  .assist  in  the  American  Engineer  tests 
to  make  experiments  in  service  to  confirm  the  results  obtained 
by  Professor  Goss.  The  majority  were  compelled  to  reply  that, 
owing  to  the  large  amount  of  work  then  being  carried  on  in  their 
respective  departments,  they  would  be  unable  to  assist  during  the 
present  year  and  only  three  series  of  tests  have  been  carried  out. 
These  have  only  been  partially  made  and  the  results  are  not  suffi- 
ciently complete  to  present  in  this  report,  although  it  may  be 
stated  that  they  practically  confirm  the  conclusions  arrived  at  on 
an  engine  having  a  front  end  of  the  same  .size  as  that  used  at 
Purdue  University,  but  leave  it  open  to  question  whether  these 
results  are  immediately  applicable  to  engines  having  a  considerably 
larger  front  end.  We  are  pleased  to  be  able  to  announce  that 
through  the  courtesy  of  one  of  the  members  of  this  a.ssociation, 
Mr.  j.  F.  Deems,  General  Superintendent  of  Motive  Power  and 
Rolling  Stock,  of  the  New  York  Central  &  Tludson  River  Rail- 
road and  Lake  Shore  &  Michigan  Southern  Railway,  arrange- 
ments have  been  made  by  which  a  large  modern  engine,  having  a 
front  end  75  ins.  in  diameter,  will  be  available  to  allow  this  series 
of  tests  to  be  completed.  This  will  enable  the  determination  of 
the  correct  unit  to  be  used  for  stack  diameters  to  be  made,  and 
a  further  series  of  tests  carried  out  along  the  line  recommended 
by  Professor  Goss.  Your  committee,  therefore,  asks  to  be  con- 
tinued in  order  that  during  the  coming  year  it  may  carry  out  the 
purpose  for  which  it  was  appointed. 


EFFECTS  OF  TONNAGE  RATINGS  ON  THE  COST  OF 
TRANSPORTATION. 


individual  paper  by  c.  h.  quereau. 


There  have  been  indirect  savings  in  operating  expenses,  due  to 
the  use  of  tonnage  ratings,  which  are  not  always  considered.  I 
refer  to  the  use  of  the  ton-mile  basis  for  statistics,  which  naturally 
followed  the  introduction  of  tonnage  ratings.  Previously  the  al- 
most universal  basis  of  motive  power  statistics  had  been  the  engine- 
mile.  Because  the  engines  made  more  miles  per  ton  of  coal  the 
lighter  the  train,  there  was  a  constant  effort  on  the  part  of  master 
mechanics  and  engineers  to  haul  as  light  trains  as  possible  in  order 
to  improve  their  records,  which  no  doubt  in  a  measure  neutralized 
the  efforts  of  the  transportation  department  to  handle  as  heavy 
*rains  as  possible,  and  undoubtedly  increased  the  cost  of  transpor- 
tation somewhat,  when  compared  with  the  possibilities,  and  was  a 
source  of  constant  friction  between  the  two  departments.  Tlie  ton- 
mile  basis  for  motive  power  statistics  changed  all  this,  because  it 
was  .soon  demonstrated  that  the  heavier  the  train,  within  re.a.son- 
able  limits,  the  less  the  cost  of  coal,  wages  and  repairs  per  ton- 
mile,  .and,  therefore,  it  was  to  the  interest  of  the  motive  power 
men  to  haul  as  heavy  trains  as  practicable,  thus  harmonizing  the 
interests  and  efforts  of  the  employees  of  both  the  transportation 
and  motive  power  departments. 

The  ton-mile  basis  also  corrected  a  number  of  erroneous  con- 
clusions, resulting  in  a  clearer  understanding  of  cause  and  effect, 


which  no  doubt  led  to  economies.  A  few  illustrations  will  prob- 
ably make  this  point  plainer  than  an  extended  description.  The 
figures  given  are  actual  records. 

TABLE.  I. 

March,  Increase 

1896.  1897.            Percent. 

Average   miles   per  engine 2.282  2.289                0.3 

Average  ton-miles  per  engine 782,213  972.486              24 

Had  there  been  no  ton-mile  statistics,  "there  can  be  little  doubt 
the  conclusion  would  have  been  dr.iwn  that  the  average  work  done 
per  engine  in  the  two  years  was  practically  the  same.  The  ton- 
mile  figures  show  this  conclusion  would  have  been  wide  of  the 
mark  and  misleading,  and  also  demonstrate  that  in  this  ca.se  the 
use  of  tcmnage  ratings  increased  the  work  done  by  the  engines 
24  per  cent.,  as  the  class  of  locomotives  was  practically  the  same 
in  the  two  years. 

TABLE  11. 

DIVISION    D. JANUARY,    1896. 

Miles  to  Ton  of  Coal.  Coal  per  100  Ton-miles. 
Lbs.          Per  Cent.  Lbs.  Per  Cent. 

Main    line,    freight 16.6  100  20.79  100 

Dranch.    freight    14.8  112  67.93  327 

Main    line,    freight 16.6  193  20.79  100 

Main    line,    passenger 32.1  100  33.09  159 

.Tudged  by  the  results  on  the  engine-mile  basis,  the  branch 
freight  engines  were  n.sing  only  12  per  cent,  more  coal  than  those 
on  the  main  line.  This  record  was  considered  very  satisfactory 
indeed,  so  far  as  the  branch  was  concerned,  as  there  were  a  con- 
siderable number  of  heavy  grades  and  curves  on  it,  while  the  main 
lino  was  comparatively  level  and  straight,  and  the  conclusion  was 
naturally  drawn  that  it  was  not  much  more  expensive,  so  far  as 
fuel  was  concerned,  to  operate  a  mountain  district  tnan  one  on 
the  prairie.  But  as  soon  as  attention  was  directed  to  the  figures 
based  on  the  ton-mile  it  became  evident  that  the  heavy  grades  and, 
curves  of  the  branch  required  three  and  a  quarter  times  as  much 
coal  as  the  main  line  to  do  the  same  amount  of  work. 

In  comparing  the  relative  cost  of  fuel  in  freight  and  passenger 
service,  using  the  engine-mile  as  a  basis,  the  almost  inevitable  con- 
clusion was  that  freight  engines  used  nearly  twice  as  much  as 
pa.ssenger  engines,  but  when  the  basis  of  comparison  was  the  ton- 
mile,  it  became  evident  that  the  cost  of  fuel  was  practically  tiO 
per  cent,  greater  in  passenger  service. 

The  discussion  would,  however,  fall  far  short  of  completeness  if 
it  did  not  include  another  phase  of  the  subject,  at  least  suggest  that 
there  is  still  room  for  decided  improvement  and  call  attention  to 
the  fact  that  tonnage  ratings,  though  a  decided  improvement  over 
the  car  ratings,  may  e.osily  be  carried  to  extremes  and  result  in 
increased,  instead  of  decreased,  transportation  costs,  and  that  there 
is  still  a  wide  field  for  scientific  investigation  In  the  matter  of 
locomotive  ratings  and  transportation  statistics. 

It  is  very  generally  assumed  that  the  maximum  tonnage  a  loco- 
motive can  handle  at  a  speed  of  about  ten  miles  an  hour  is  the 
most  economical.  I  venture  to  differ  from  this  opinion  and  will 
first  consider  the  matter  as  applying  to  the  conditions  which  have 
prevailed  throughout  the  past  winter,  during  which  time  there  has 
existed  practically  a  freight  blockade.  Under  these  conditions  the 
paramount  issue,  to  borrow  a  political  phrase,  is  to  handle  the 
business  offered  and  keep  it  moving  almost  regardless  of  cost ;  in 
short,  to  handle  the  largest  possible  number  of  cars  with  the  power 
and  facilities  available.  . 

For  the  sake  of  argument  and  illustration.  Table  HI.  is  pre- 
sented. It  applies  to  two  divisions  ;  the  first  100  miles  and  the 
second  200  miles  in  length,  and  is  based  on  the  following  assump- 
tions :  First,  that  it  requires  four  hours  to  get  an  engine  from  its 
train  to  the  roundhouse,  clean  Its  fires,  give  it  necessary  repairs, 
furnish  the  nece.ssarv  supplies  and  have  it  on  its  train  again ; 
second,  that  a  train  of  40  cars  will  allow  an  average  speed  of  10 
miles  an  hour ;  third,  that  a  reduction  of  the  train  from  40  to  35.2 
cars,  or  12  per  cent.,  will  permit  an  increase  in  the  average  speed 
to  15  miles  an  hour. 

TABLE  III. 

100-Mile  Division.     200-Mile  Division. 

Speed,    miles    per   hour 10  15  10  ^^     « 

Hours      between    terminals 10  6.67  20  13.32 

Hours    at    terminal 4  4  4  ,*„ 

Hours    for   one  trip 14  10.67  24  17.32 

Trips   in   thirty  days 51.4  67.5  30  41.6 

Cars  hauled  per  trip 40  35.2  40  35.2 

Cars    hauled    per    month 2.056  2.376              1,200  1.464 

Gain  in  cars  bandied  per  montli.  .  320  264 
Gain    in   cars    handled   per   month. 

per  cent 16  22 

These  figures  show  an  increase  of  from  16  to  22  per  cent,  in  the 
number  of  cars  an  engine  will  handle  per  month,  due  to  a  decrease 
of  12  per  cent,  in  the  number  of  cars  handled  per  train,  and  that 
the  longer  the  division  the  greater  the  increiise: 

The  following  figures  give  the  percentages  of  overtime  paid 
engineers  and  firemen,  in  relation  to  their  total  wages,  during 
June,  when  there  was  no  snecial  rash  of  business  and  the  engines 
available  were  ample  to  handle  it  easily,  and  during  September, 
when  the  power  was  taxed  to  its  utmost  capacity ; 

Division  A.     Division  B. 

June — Overtime,  per  cent,  of  total  wages 1.8  2.0 

September — Overtime,  per  cent,  of  total  wages.      5.3  4.6 

The  above  shows  conclusively  that  the  overtime  paid  increased 
from  two  to  three  times  as  much  as  the  business  done,  as  deter- 
mined by  the  wages  paid  enginemen. 

The  reasons  which  make  it  seem  more  than  probable  that  a 
reduction  of  maximum  tonnage  ratings  would  decrease  the  cost  of 
wases  per  ton-mile  apply  with  equal  force  to  the  cost  of  fuel ; 
not  that  the  cost  of  fuel  while  running  would  be  much,  if  any, 
greater  per  ton-mile  with  the  maximum  tonnage,  but  that  the 
longer  dela.vs  on  side-tracks,  the  longer  hours  for  the  train  and 
engine  crews  and  the  damage  done  the  fire  while  pulling  out  of 
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siflo-tracks  with  the  heaviest  trains  would  result  in  a  greater  cost 
of  fuel  per  ton-mile. 

I  believe  the  discussion  and  fads  given  warrant  the  conclusion 
lluit  lonnnge  ratings  which  limit  tlic  average  speed  of  freight  trains 
to  10  miles  an  hour,  or  loss,  result  in  a  greater  cost  of  tran.sporta- 
tion  and  decreased  earning  power  for  motive  power  than  ratings 
which  allow  a  somewhat  higher  speed.  If  this  conclusion  is 
accepted,  it  follows  that  such  maximum  tonnage  ratings  produce 
a  higher  cost  of  transportation  tlian  is  necessary  and  that  the 
subject  is  well  worth  extended,  careful  and  scientihc  investigation. 

The  adoption  of  tonnage  ratings  for  freight  trains  has  reduced 
the  cost  of  transportation  by  increasing  the  average  trainload  ;  by 
reducing  the  cases  of  doubling  and  overtime;  by  furnishing  a 
basis  of  common  interest  for  the  ojierating  and  motive  power  de- 
partments to  handle  full  trains,  and  by  furnishing  a  fairer  basis 
for  judging  operating  and  motive  power  efficiency. 

It  seems,  however,  evident  that,  as  is  usual  when  any  new  plan 
has  proved  beneficial,  the  pendulum  has  swung  to  the  opposite 
extreme  and  the  maximum  tonnage  ratings  are.  as  a  rule,  greater 
than  the  most  economical  ratings.  At  least  the  evidence  al  hand 
warrants  systematic  and  scientific  investigation. 


ELECTRICALLY  DRIVEN   SHOPS. 


COMMITTEE — C.  A.  SELEY,  H.  H.  VAUGHAN,  T.  S.  LLOYD,  T.  W.   Df:MAK- 
EST,  L.  R.  POMEROY. 


EuiTOU'.s  Note. — Becaase  of  its  importance  this  paper  is  reprinted 
nearly   in  full. 

Labor-saving  seems  to  be  the  keynote  in  the  development  of  most 
all  recent  shop  plans.  Central  power  plants  with  all  the  latest 
improvements  in  the  way  of  coal  and  ash  handling  machinery, 
automatic  stokers,  direct^connected  generators  and  engines,  the 
latter  compounded  and  in  some  ca.ses  condensing,  are  almost 
the  rule. 

The  one  thing  that  has  contributed  most  to  economize  movement 
of  materials  is  probably  the  electric  traveling  crane,  lifting  a  single 
part  or  jierhaps  a  whole  locomotive,  carrying  and  traversing  at 
desirable  speeds  over  the  area  covered  by  the  span  and  travel,  hoist- 
ing and  lowering  at  will  great  weights  with  slow,  safe  speeds  and 
by  auxiliary  hoists  doing  rapid  work  with  light  w'eights. 

SYSTEM.S    AND    METHODS. 

The  designer  of  a  new  railroad  shop  at  the  present  time,  in  ar- 
ranging for  the  generating  station  and  power  transmission,  is 
primarily  confronted  with  the  problem  of  deciding  which  system 
of  electrical  power  distribution  to  use,  alternating  or  direct  current. 
Each  has  its  strong  advocates,  who  can  advance  numerous  points 
in  favor  of  their  preferred  system,  and  the  question  is  frequently 
complicated  by  local  conditions  to  an  extent  which  makes  a  decision 
extremel.v  difficult.  It  may  be  necessary  to  combine  in  the  power 
plant  for  the  shop  a  generating  station  for  furnishing  current  for 
light  or  power  to  other  company  property,  passenger  depots,  freight 
houses,  car  repair  plants  and  similar  uses,  which  are  located  at  a 
considerable  distance.  For  such  purposes  alternating  current  is  rec- 
ognized as  being  an  economic  necessity,  the  cost  of  copper  required 
to  transmit  the  energy  by  a  low-voltage,  direct-current  system  be- 
ing practically  prohibitive.  In  another  instance  the  converse  of 
this  may  be  the  case :  in  place  of  the  power  plant  being  required 
to  transmit  power  to  a  distance  or  furnish  current  for  uses  other 
than  shop  operation,  it  may  receive  its  power  from  some  outside 
source,  in  which  case  it  becomes  merely  a  transforming  station  to 
convert  the  current  tran.smitted.  which  it  may  be  assumed  is  a 
high-potential  alternating  current,  into  a  form  suitable  for  distri- 
bution around  the  shops.  In  either  case  the  conditions  are  identi- 
cal in  one  respect :  alternating  current  is  necessarily  tised  in  the 
power  plant ;  and  in  both  cases  also  direct  current  can  also  be 
furnished  for  shop  purposes  if  desired,  either  by  the  use  of  rotary 
transformers  or  motor  generators,  or,  in  the  first  instance,  by  the 
installation  of  direct-current  generators  for  shop  use  separate  from 
those  used  for  the  long-distance  transmission. 

On  the  other  hand,  no  long-distance  problems  may  interfere  with 
the  choice  of  a  system,  the  power  plant  may  be  entirely  used  for 
furnishing  energy  to  a  group  of  .shop  buildings  sufficiently  near 
together  to  make  a  low  voltage  reasonably  economical,  and  which- 
evei' system  is  used  is  selected  solely  with  reference  to  its  presumed 
advantages  for  shop  driving. 

The  above  instances  represent  the  effects  of  local  conditions,  and 
while  they  may  he  modified  in  the  first  examples  by  the  proportion 
of  the  total  power  required  for  shop  or  outside  purposes,  there  are 
evidently  two  possible  general  conditions  to  consider :  First,  where 
it  is  necessary  that  alternate  current  be  present  in  the  power 
house :    second,  where  it  is  not  necessarily  pre.sent. 

Now,  whichever  of  these  two  conditions  confronts  the  designer, 
there  is  one  important  fact  which  affects  the  problem  in  the  present 
stage  of  the  development  of  the  alternate-current  motor,  namely  : 

That  if  electrical  speed  control  is  desired,  direct  current  must  be 
used  for  driving  those  tools  on  which  it  is  employed.  Assuming, 
therefore,  for  the  moment,  that  it  is  immaterial  which  system  is 
used  for  the  operation  of  cranes,  transfer  tables  and  driving  ma- 
chinery in  groups  or  constant-.speed  tools,  the  really  important 
question  to  be  decided  is  whether  or  not  electrical  speed  control  in 
some  form  or  other  is  desirable.  A  number  of  articles  on  this  sub- 
ject have  been  written,  and  they  are  all  worthy  of  careful  perusal 
and  study,  but  the  main  question  is  whether  the  extra_  investment 
necessary  Ls  justified  by  the  results  obtained.  There  is  no  doubt 
that  practically  all  those  connected  with  shops  in  which  some  form 
of  electrical  speed  control  has  been  installed  will  speak  very  favor- 
ably with  respect  to  its  convenience  and  the  economies  resulting 
from  its  use.  but  it  certainly  entails  an  extra  expense  and  it  is 
necessary  to  demonstrate  that  the  benefits  received  are  sufficient  to 
outweigh  the  additional  cost.  Usually  the  possible  economies  are 
alone  referred  to,  but  a  preferable  method  is  to  find  what  increase 
in  output  is  necessary  to  compensate  for  the  investment  and  then 
discuss -whether  it  may  be  confidently  anticipated  that  this  increase 
will  be  obtained.  This  method  of  reasoning,  which  is  equally  as 
sound  as  the  other,  will  be  found  to  fit  the  case  considerably  better. 


It  is  difficult  to  obtain  figures  from  which  the  additional  cost  of 
electrical  speed  control  can  be  definitely  determined,  and  no  at- 
tempt has  been  made  to  obtain  them  from  the  various  members  of 
this  association,  although  it  would  be  most  valuable  if  they  could 
be  furnished  in  an  intelligent  form  for  the  proper  discussion  of 
this  question.  For  this  report  the  cost  figures  of  the  Collinwood 
shop  of  the  Lake  Shore  &  Michigan  Southern  Railway,  in  which 
the  Crocker-Wheeler  multiple-voltage  system  is  employed,  have 
been  carefully  analyzed,  and  while  the  results  are  not  accurately 
applicable  to  other  shops  in  which  the  number  and  character  of 
the  tools  may  vary,  and  the  method  of  speed  control  be  different, 
yet  remembering  that  the  larger  tools  in  all  locomotive  shops  have 
a  fairly  close  similarity  and  that  the  tools  of  each  description  are 
employed  in  about  the  same  proportion,  it  is  fair  to  assume  that, 
while  there  would  be  a  variation,  it  would  not  be  important  in  the 
gross  result,  and  this  assumption  will  be  confirmed  by  an  inspection 
of  the  figures. 

To  ascertain  what  percentage  of  increased  output  must  be  ob- 
tained to  justify  the  application  of  electrical  speed  control  it  is 
first  necessary  to  formulate  the  factors  that  determine  the  cost  per 
annum  of  operating  a  tool.     These  are  as  follows  : 

1.  The  direct  labor  charge  per  diem. 

2.  The  indirect  labor  charge,  including  what  are  generally 
known  as  shop  expenses,  superintendence,  i5ower,  lighting,  etc. 

3.  Interest  and  depreciation  charge  on  the  cost  of  the  tool. 

4.  Interest  and  depreciation  charge  on  the  proportion  of  cost  of 
machine  shop  and  power  plant,   including  generators,  etc. 

.J.  Interest  and  depreciation  charge  on  switchboard,  balancers, 
wiring,  motors  and  controllers,  etc. 

Of  tuese  factors  the  only  one  affected  by  the  use  of  electrical  speed 
control  is  No.  .5,  the  others  being  independent  of  it.  The  value  of 
them  has  been  estimated  for  the  locomotive  shop  at  Collinwood 
from  the  actual  figures  of  the  cost  of  construction  as  follows  : 

1.  The  direct  labor  for  300  days  at  $2.80  per  diem  is  $840  per 
annum. 

2.  The  indirect  labor  charge  may  be  taken  at  20  per  cent. 
This  figure  is  fairly  representative  of  railroad  shop  practice. 

3.  Interest  may  be  taken  at  5  per  cent,  depreciation  at  10  per 
cent.  This  figure  may  be  considered  high,  but  if  rate  of  deprecia- 
tion is  lowered  it  makes  less  output  necessary  to  earn  the  invest- 
ment on  the  installation  of  speed  control,  and  it  is  desired  to  be 
on  the  safe  side.  At  Collinwood  there  were  38  tools  equipped  with 
multiple-voltage  (M.  V.)  control,  total  cost  $80,044.34.  an  average 
of  $2,360  per  tool.  Fifteen  per  cent,  of  this  sum  is  $354,  the  an- 
nual charge  per  tool  for  this  icem. 

4.  The  proportionate  cost  of  the  building  that  can  be  charged 
against  any  tool  is  more  or  less  of  a  guess ;  but  it  is  a  real  charge 
without  question.  At  Collinwood,  where  the  lucomotive-erecfing 
machine  shop  and  boiler  shop  are  under  one  roof,  and  the  only  fig- 
ures available  are  the  total  costs  of  the  entire  building,  the  fairest 
way  is  to  find  the  cost  per  cubic  foot  of  the  shop  and  thus  determine 
the  cost  of  the  machine  shop  itself,  dividing  this  among  the  various 
tools  in  proportion  to  their  cost.  This  is  not  exactly  correct,  but 
as  the  more  expensive  a  tool  is  the  more  floor  space  it  occupies  and 
the  more  room  is  required  around  it,  this  method  is  as  fair  as  pos- 
sible, and  on  this  basis  the  cost  of  the  shop,  including  buildings, 
heating  and  lighting  apparatus  (outside  of  power  plant),  cranes, 
etc.,  is  equal  to  $1.03  per  $1  cost  of  tool.  The  proportionate  cost 
of  power  plant  is  fairly  arrived  at  by  dividing  the  cost  of  the 
plant  by  the  horse-power  of'output  and  charging  this  against  the 
tools  in  proportion  to  their  consumption.  At  Collinwood  the  total 
cost  per  hor.se-power  of  output  is  $86,  and  as  the  actual  consump- 
tion of  the  multiple-voltage  tools  is  70  horse-power,  the  amount 
invested  for  their  operation  is  $6,020,  or  .fl58.50  per  tool.  The 
total  investment  under  this  hea<ling  is.  therefore.  $2,430  plus 
$li58..^0  per  tool.  On  this  amount  interest  may  be  charged  at  5 
per  cent,  and  depreciation  at  6  per  cent,  the  life  being  longer  than 
for  tools,  the  total  annual  charge  per  tool  thus  being  $284.73, 
say  $284. 

5.  This  item  is  separated  from  No.  4,  as  it  includes  all  charges 
that  vary  according  to  the  system  of  control  employed.  It  includes 
numerous  small  items,  as  follows  : 

(a)  Proportionate  part  of  cost  of  switchboard  and  220-volt 
feeders  in  ratio  of  horse-power  consumption  of  multiple-voltage 
tools  to  total,  $1,226. 

(b)  Prorated  cost  of  multiple-voltage  portion  of  switchboard, 
multiple-voltage  transformer  and  inside  feeders  in  proportion  of 
multiple-voltage  tools  in  machine  shop  to  total,  ,$2,821. 

(c)  Cost  of  wiring  multiple-voltage  tools.  This  isnot  by  any 
means  an  easy  figure  to  determine,  but  has  been  estimated  very 
closely  by  obtaining  the  total  cost  of  labor  and  material  for  wiring 
all  tools  in  locomotive  shop,  exclusive  of  the  feeders  to  the  distri- 
bution boxes,  and  dividing  the  labor  by  the  number  of  tools  wired 
and  the  material  by  the  horse-power  of  tools  wired.  To  allow  for 
multiple-voltage  tools,  each  of  them  is  counted  as  two  tools  wired 
and  as  being  of  double  the  rated  horse-power.  In  this  cost  there 
w;us  also  included  the  power  wiring  in  each  erecting  pit.  each  pit 
coasidered  as  representing  one  tool  of  5  h.p..  which  is  very  closely 
correct.  The  result  of  this  calculation  is  that  it  cost  $480  per 
horse-power  for  wiring  material,  $18.30  per  unit  tool  for  wiring 
labor. 

As  there  were  38  multiple-voltage  tools  with  a  total  rated  -horse- 
power of  270.  these  amounts  are  as  follows  : 

38  tools  wired  at  $36.60 $1,380.80 

270  X  2  h.p.   at  $480 2,592.00 

$3,972.80 

(d)  The  cost  of  motors  actually  used  on  the  tools,  including 
controllers,  etc.,  $12,150. 

The  total  cost  of  item  No.  5  is,  therefore : 

(a)     $1,226.00 

(b)     2,821.00 

(c)     3,972.80 

(d)     12,150.00 

$20,169.80 
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Tuis  amount  is  considered  to  be  subject  to  5  per  cent,  interest 
and  10  per  cent,  depreciation,  a.s  in  the  ease  of  the  tools  themselves, 
the  annual  iliarg'e  thus  bciiig  .$0,0^5.50,  or  $79.70  per  tool. 

Hccapitiilaling  the  above  the  average  annual  cost  for  operating 
'AS  nuillipli'-vdltage  tools  based  on  the  Colliuwood  construction  ac- 
coiinls  Wdukl  bo  : 

Item    1 *840.00 

Item   2 KiS.OO 

Item   3 354.00 

Item    4 284.00 

Item   5 79.70 

li>lJ2r).70 
Now,  if  niiilliple-voltagc  liacl  not  been  employed  the  only  change 
in  I  lie  cost  (if  I  he  plant  would  have  been  in  item  5;    the  subdivLsiou 
costs  would  lii'conie  as  follows; 

(a)  There  would  be  no  change,  it  remains.  .  $1,220.00 

(b)  This  cost  is  avoided  without  correspond- 

ing change. 

(c)  This  cost  becomes: 

38  tools  at  $18.30 $090.00 

270  h.p.  at  $4.80 1,29(5.00 

■       1,98(;.00 

(d)  The  cost  of  motors  required  on  the  va- 

rious tooLs,  including  starting  boxes.  .  7,200.00 

Total     $10,412.00 

Fifteen  per  cent,  of  this  amount  is  $l,!)(il.80,  or  $41.10  per  tool 
per  annum. 

The  total  annual  cost  of  operating  a  tool  is  thus  $1,725.70  with 
electrical  speed  control,  against  $1,687.10  when  driven  by  constant- 
speed  motors,  or  an  increase  of  2.24  per  cent.  In  other  words,  it 
is  only  necessary  to  obtain  an  increased  output  of  2^4  per  cent,  to 
justify   the  extra  expense. 

There  is  little  doubt  that  anyone  who  has  been  connected  with 
a  shop  in  which  some  such  system  has  been  employed  would  hesi- 
tate for  a  moment  in  stating  that  a  saving  is  obtained  many  times 
that  required  to  equal  the  additional  cost,  to  say  nothing  of  the 
increase  in  output,  but  there  are  objections  to  the  method  usually 
employed  in  giving  the  reasons  for  this  economy  which  .s  based  on 
the  assumption  that  the  production  of  a  tool  is  proportional  to  the 
cutting  speed  of  the  work.  It  is  true  that  in  the  average  belt- 
driven  tool  the  various  changes  of  speed  usually  vary  by  incre- 
ments from  40  to  50  per  cent.,  but  it  does  not  follow  that  the  work 
performed  need  vary  in  any  such  ratio.  In  any  given  material 
with  the  same  cutting  tool,  which  is  being  operated  to  its  capacity, 
the  amount  of  metal  that  is  removed  in  a  given  time  depends  on 
three  factors — the  cutting  speed,  the  feed  and  the  cut.  These  fac- 
tors are  not  independent,  but  with  a  given  feed  and  cut  the  tool 
will  stand  up  satisfactorily  at  a  certain  speed,  with  a  different 
feed  and  cut  the  maximum  practical  cutting  speed  will  vary,  and 
so  on.  The  law  connecting  these  three  factors  is  not  yet  properly 
determined,  and  will  probably  vary  for  different  materials.  This 
much,  however,  can  be  stated,  that  for  medium  steel,  such  as  that 
used  for  driving  axles,  crankpins,  etc.,  the  amount  of  metal  that 
can  be  removed  per  minute  with  the  same  depth  of  cut  .and  with 
feeds  varying  from  1-8  to  1-20,  the  speed  in  each  case  being  ad- 
justed to  the  limit  of  the  tool,  does  not  vary  15  per  cent.  This 
may  not  be  the  case  so  closely  with  other  materials,  but  it  is  cer- 
tain that  a  variation  in  the  feed  affects  the  permissible  cutting  in 
every  case,  and  within  the  limits  of  a  speed  variation  of  40  per 
cent,  it  is  possible  to  so  adjust  the  feeds  and  cuts  that  the  amount 
of  metal  removed  per  minute  is  substantially  the  same.  It  might 
be  stated,  therefore,  that,  theoretically,  it  is  unnecessary  to  have 
small  and  easily  made  variations  in  speed,  but  there  is  another  and 
more  important  side  to  this  question,  the  practical  one  of  how  to 
get  as  nearly  as  possible  the  maximum  product  from  a  tool.  If  a 
machine  were  employed  steadily  upon  work  in  which  the  material 
were  of  uniform  hardne.ss.  and  the  dimensions  of  the  pieces  the 
same,  it  would  probably  be  possible  to  get  the  same  output  when 
the  speeds  vary  by  40  per  cent,  steps  as  when  they  vary  by  10  per 
cent,  by  the  adjustment  of  the  feeds  and  cuts,  but  even  a.ssuming 
this  to  be  exactly  tru^,  it  is  a  condition  that  does  not  obtain  in 
the  majority  of  machine  shops,  and  is  practically  absent  in  rail- 
road shops.  While  machines  may  be  classified  as  to  the  work  they 
perform,  this  work  varies  quite  a  little  in  its  dimensions  on  ac- 
count of  the  various  forms  and  sizes  of  the  parts  used  on  different 
classes  of  engines,  and  the  materials  employed  are  also  subject  to 
considerable  variation  in  their  cutting  qualities.  How  is  the  out- 
put determined  in  such  a  case?  With  a  belt-driven  tool  the  ma- 
chinist sets  his  feed  at  what  he  considers  is  right  and  runs  his  tool 
at  a  certain  speed.  He  may  try  the  next  speed  Higher,  which  is 
an  increase  of  say  40  per  cent.,  and  finds  it  is  too  high.  The  result 
will  be  that  he  returns  to  the  original  speed  and  the  work  proceeds 
at  that  rate.  It  might  be  possible  to  use  a  larger  feed,  but  it  is 
very  liable  not  to  be  done,  and  indeed  outside  of  a  few  lathes  feed 
changes  cannot  be  made  rapidly  and  easily,  and  in  many  tools  are 
too  coarse  to  be  effective.  The  speed  change,  when  made  by  belt 
cones,  takes  a  certain  amount  of  trouble  and  is  very  likely  not 
made  as  often  as  advisable.  In  general,  it  is  difficult  to  adjust  an 
ordinary  belt-driven  tool  to  the  best  cutting  conditions,  and  it 
may  be  taken  at  the  best  to  run  as  nearly  as  the  cones  allow,  say 
within  20  to  25  per  cent,  of  the  maximum  on  the  average.  Com- 
pare this  with  a  tool  having  electrical  speed  control.  The  work 
is  being  cut  at  a  certain  speed ;  by  the  movement  of  a  lever  placed 
conveniently  to  his  hand,  the  machinist  can  increase  the  speed  by 
from  10  to  20  per  cent,  up  to  the  point  at  which  it  is  found  pos- 
sible to  run.  There  is  no  exertion  involved,  no  time  wasted,  and, 
in  fact,  there  was  no  real  excuse  for  not  operating  the  tool  at  its 
proper  speed.  If  the  work  has  two  or  more  diameters,  it  is  a  mat- 
ter of  a  second  or  so  to  change  to  the  suitable  speed.  If  the 
material  is  harder  than  usual,  the  speed  reduction  is  simply  that 
necessary  to  meet  the  condition,  and  not  25  or  very  likely  40  per 
cent,  more,  as  may  easily  be  the  case  on  a  belt-driven  tool.  There 
the  man  will  not  be  found  to  shift  the  belt  whenever  a  change  is 
necessary,  and  he  can  hardly  be  expected  to  do  so ;  with  electrical 
control  the  change  is  so  easily  made  that  be  should  and  can  be 


expected  to  attend  to  it.  With  reasonable  encouragement  and  in- 
telligent control  it  is  fair  in  this  case  to  a«Hume  that  on  the  aver- 
age the  machines  can  be  run  within  10  to  15  per  cent,  of  me  pos- 
sible speed,  giving  an  increased  output  theoretically  of  at  least  10 
per  cent.,  and  in  practical  working  a  great  deal  more,  from  the 
closeness  of  the  speed  control  alone,  to  say  nothing  of  the  saving 
of  time  in  the  manipulation  of  the  machine  resulting  from  this 
system.  On  wheel  lathes  there  is  a  special  advantage.  ih;it  when 
one  or  two  hard  spots  occur  in  a  tire  the  machine  can  be  slowed 
over  these  spots  and  the  speed  restored  tor  the  balance  of  the  i-ir- 
cumference ;  this  feature  is  not  very  important  to  the  shop  ax  a 
whole,  but  it  is  quite  important  on  that  particular  tool. 

.\nollier  .advantage  of  speed  control  is  the  opportunity  it  affords 
for  a  practical  system  for  setting  cutting  speeds.  As  above  men- 
tioned, this  is  for  any  material  dependent  on  the  feed  and  cut,  but 
in  the  majority  of  ca.ses  in  locomotive  shops  the  variation  in  cut 
on  similar  classes  of  work  is  not  important.  Now,  by  adopting  a 
uniform  feed  for  all  roughing  work  or  two  uniform  feeds,  one  for 
heavy  and  one  for  light  work,  the  most  important  variable  is  elim- 
inated and  the  speed  proposition  becomes  comparatively  simple  in 
place  of  being  exceedingly  complicated.  The  depth  of  cut  is  of 
minor  importance  within  the  limits  in  which  it  usually  varies  and 
by  standardizing  the  feeds  it  becomes  possible  to  estimate  very 
closely  what  speed  should  be  employed  on  different  materials  and 
obtaining  a  satisfactory  output  is  correspondingly  feasible.  In  such 
a  system  it  is  obvious  that  the  ratio  of  the  actual  to  the  possible 
product  depends  on  the  closene.ss  with  which  the  speeu  can  be  reg- 
ulated, and  as  a  difference  of  10  or  15  per  cent  in  the  speed  is 
sufficient  to  ruin  a  tool  in  a  few  minutes  or  allow  it  to  run  for  an 
hour  or  more,  it  is  evident  that  it  should  be  controllefl  by  at  least 
that  variation. 

In  general  it  may  be  stated  that  while  close  electrical  speed 
regulation  may  not  be  theoretically  necessary,  it  presents  a  prac- 
tical method  of  increasing  the  output  from  shop  machinery  that 
cannot  be  approached  by  the  old  belt-and-cone  pulley,  and  that  this 
increase  in  output  should  largely  outweigh  the  slight  additional 
cost,  and  in  any  shop  where  thus  small  increase  in  outlay  can  he 
made  in  order  to  effect  a  substantial  economy  in  operation,  in  other 
words,  in  any  shop  that  is  laid  out  on  rea.sonable  business  princi- 
ples, some  form  of  speed  control  should  be  applied. 

If  this  proposition  is  assented  to.  the  use  of  direct  current  to  a 
greater  or  les.s  extent  follows  a.s  a  matter  of  necessity  in  the  pres- 
ent state  of  the  electrical  art,  for  no  contractor  is  yet  prepared  to 
figure  on  alternating-current  variable-speed  apparatus,  and  the 
point  next  necessary  to  determine  is  the  extent  to  which  it  is 
advisable  to  apply  this  principle.  The  factor  affecting  this  chiedy  is 
the  extent  to  which  it  is  commercially  advisable  to  direct-connect 
tools.  If  it  were  decided  to  direct-connect  all  tools,  an  inspection 
of  the  figures  above  presented  will  show  that  the  limiting  factor 
affecting  the  application  of  speed  control  is  not  the  size  of  the  tool, 
it  is  the  wages  of  the  operator ;  the  smaller  the  tool  and  the  less 
the  horsepower  required  to  drive  it,  the  less  is  the  additional  ex- 
pense of  applying  electrical  speed  control  and  there  is  consequently 
but  little  difference  in  the  increase  in  output  required  to  compen- 
sate for  the  additional  investment.  On  a  tool  costing  $.")00  and 
requiring  3  h.p.  to  drive  it  the  items,  calculated  as  above,  are  as 
follows :  ^ 

Item  No.  With  Speed  Control.     Without  Speed  Control. 

1 $840.00 $840.00 

2 168.00 168,00 

3 7.5.00 75.00 

4   66.00 66.00 

5 69.00 34.50 


$1,183.50 


Total $1,218.00 

a  difference  of  $34.50,  or  2.8  per  cent. 

The  wages  of  the  operator  are  thus  the  most  important  factor, 
as  if.  in  the  case  of  this  tool,  they  were  decreased  to  one-third  the 
amount  the  increase  in  output  required  would  become  5.2  per  rent, 
even  at  that  figure ;  however,  the  difference  would  render  the 
question  one  of  the  type  of  tool  and  general  convenience,  and  the 
extent  to  which  direct-connection  is  advisable  is  thus  the  mist 
important.  At  Collinwood  tools  were  direct-connected  for  three 
reasons  :  .    .    u  - 

1.  Where  they  were  located  under  cranes  to  allow  of  their  being 
placed  in  the  most  convenient  positions  and  to  avoid  countershaft 
supports  interfering  with  the  crane  service. 

2.  On  tools  above  3  h.p.  where  the  advantages  of  speed  control 
were  considered  sufficient  to  justify  it.  . 

3.  Where  tools  were  in  isolated  positions  and  expense  of  line 
and  countershafting  would  exceed  cost  of  applying  motors. 

The  remainder  of  the  tools  in  the  machine  shop,  103  in  all,  aie 
group-driven,  and  the  cost  of  installing  these  tools  has  been  ana- 
lyzed to  show  how  it  compares  with  the  cost  of  direct-connected  on 
one  assumption,  namely :  that  no  additional  price  would  be  de- 
manded by  the  builders  in  supplying  their  tools  with  suitable 
attachments. 

The  103  tools  are  driven  in  eleven  groups,  the  total  too!  horse- 
power being  242.5 ;  to  drive  these  tools  the  group  motors  have  a 
total  of  202.5  h.p.,  which  is  larger  perhaps  than  necessary,  but 
was  considered  advisable. 

The  cost  of  the  driving  arrangement  was  as  follows : 

Eleven   group   motors $4,550.00 

Wiring  eleven  group  motors  at  $18.30 191.30 

Wiring  202V2  h.p.  at  $4.80 §I?-99 

Countershaft  supports,  line  shafts,  pulleys,  etc 6.661. 00 

Belting 3.881.00 

$16,261.30 

Had  these  tools  been  direct-driven  the  cost  would  have  been  as 
follows : 

One  hundred  and  three  motors $12,340.00 

Wiring  103  tools  at  $18.30 l-^^§5 

Wiring  242%  h.p.  at  $5.40 l.l'^^OO 

$15,3&8.90 
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This  result  may  appear  surprising,  but  it  is  even  more  favorable 
to  the  direct-driven  estimate  than  it  appears.  The  roof  construc- 
tion must  be  appreciably  heavier  when  it  is  expected  to  support 
countershafting  than  would  be  the  case  if  simply  required  to  cover 
the  building.  Additional  member.s  must  be  incorporated,  but  this 
expense  we  are  not  in  a  position  to  estimate  at  present.  Then  no 
charge  is  made  against  belt-driveu  tools  for  belt  shifters  and  the 
cost  of  applying  the  belting,  which  for  103  tools  is  quite  an  ex- 
pense. It  would  be  interesting  to  obtain  figure.s  on  the  cost  of 
maintenance  of  belting  in  this  connection.  The  cost  at  Air  Line 
Junction  shop,  a  woodworking  plant  on  the  Lake  Shore  &  Michi- 
gan Southern,  has  been  obtained  and  found  to  be  25  per  cent,  per 
annum  for  material  alone.  Tliis  expense  would  certainly  be  less 
in  a  machine  shop,  but  can  be  safely  estimated  to  be  equal  to  the 
increased  amount  of  repairs  to  the  motors.  To  enable  these  figures 
to  be  fairly  understood,  it  should  be  stated  that  at  Collinwood  the 
countershaft  supports  are  6-in.  channels,  bolted  together  by  sepa- 
rators and  bolted  to  the  under  side  of  the  roof  structure,  which 
was  arranged  to  permit  of  this  without  drilling  any  holes  for  bolts 
or  other  fastenings.  The  structure  on  the  whole  is,  therefore,  not 
expensive,  and  if  a  cheaper  form  of  support  had  been  adopted  the 
influence  in  the  total  cost  would  not  have  been  sufficient  to  make 
belt  connection  the  cheaper.  These  costs,  it  must  also  be  under- 
stood, refer  to  a  machine  shop,  where  the  tools  are  closely  placed 
and  group-driving  appears  in  its  most  favorable  light.  In  a  wood 
mill  or  boiler  shop,  where  tools  are  widely  placed,  a  very  rough 
estimate  will  show  the  economy  of  direct-connection,  as  in  such  a 
case  it  is  far  cheaper,  to  say  nothing  of  the  saving  in  power  by 
not  running  long  and  heavy  line  shafts  to  drive  a  few  tools  inter- 
mittently. 

The  whole  question  is  up  to  the  machine  tool  builders.  If  they 
can  furnish  tools  which  can  be  direct-driven  for  the  same  price  as 
when  belt-driven,  which  is  largely  a  question  of  preparing  their 
designs  to-  meet  the  demand,  then  it  will  cost  no  more  to  direct- 
drive  tools  than  it  does  to  belt-connect  them  in  groups,  and  when 
this  can  be  said  the  advantages  of  individual  driving  will  make 
this  pr.ictice  preferable.  It  is  not  necessary  at  this  time  to  go 
over  the  many  desirable  features  of  this  system  of  power  distri- 
bution, the  flexibility  it  allows  in  shop  arrangement,  the  absence 
of  belts  and  overhead  line  and  countershafting,  and  other  econom- 
ical advantages  will  certainly  lead  to  the  use  of  direct-connection 
unless  the  cost  is  prohibitive,  and  it  would  certainly  appear  from 
the  above  discussion  that  with  the  adapt.ation  of  machine  tools,  the 
introduction  of  suitable  designs,  not  only  will  this  not  be  the  case, 
but  that  the  converse  will  be  true.  While  it  is  at  this  time  im- 
possible to  make  that  statement,  yet  it  can  be  said  that  direct  driv- 
ing should  certainly  be  employed  so  far  as  it  is  not  rendered  pro- 
hibitive by  the  cost  of  motor  application,  and  it  would  then  follow 
from  the  earlier  portion  of  this  report  that  electrical  speed  control 
V  should  also  be  largely  employed. 

Tliere  are  at  present  in  use  a  number  of  different  systems  of 
electrical  speed  control,  all  of  which  are  probably  satisfactory  in 
operation.  Tliey  have  had  in  the  past  one  decided  feature  by  which 
they  might  be  classified,  the  extent  to  which  it  was  thought  neces- 
sary to  vary  the  speed  of  the  motor,  some  systems  employing  a 
speed  variation  of  1  to  2  or  4,  others  a  decidedly  larger  range  of 
from  1  to  5  or  8.  Tlie  question  is  one  of  the  size  of  motor  desir- 
able to  employ  to  drive  any  given  tool  and  is  thus  partly  commer- 
cial, the  larger  motor  required  for  a  wide  speed  variation  being  of 
cour.se  more  expensive,  and  partly  one  of  convenience,  the  smaller 
range  systems  requiring  additional  gear  trains  on  many  tools, 
which  can  be  avoided  b.v  increasing  the  speed  variation  of  the 
motor,  and  conversely  the  larger  motors  are  inconvenient  to  apply 
and  occupy  valuable  room  in  the  shop.  It  may  be  safely  stated  that 
this  question  is  being  gradually  settled  as  experience  is  developed 
and  that  a  range  of  1  to  3  or  4  will  be  very  generally  agreed  on  as 
the  largest  it  is  advisable  to  obtain  by  electrical  means. 

This  range  is  being  now  obtained  under  two  distinct  systems, 
one  in  which  three  wires  are  used,  giving  voltages  in  the  ratio  of 
1  to  2,  the  other,  in  which  four  wires  are  used,  giving  voltages  in 
about  the  ratio  of  1,  1  1-3,  1  2-3,  2.  It  would  be  possible  of  course 
to  obtain  three  combinations  of  voltages  by  the  use  of  three  wires, 
but  there  would  be  but  little  advantage  in  this,  unless  a  greater 
range  than  4  to  1  is  required,  and  so  need  not  be  considered.  In 
both  these  systems  intermediate  speeds  between  those  at  which  the 
motor  runs  under  normal  conditions  at  the  various  voltages  are 
obtained  by  the  use  of  field  and  armature  resistance,  the  difference 
between  them  thus  becoming  the  extent  to  which  this  form  of  con- 
trol is  employed.  There  is,  however,  a  considerable  difference  be- 
tween the  results  obtained  by  field  and  armature  regulation ;  the 
former  does  not  affect  the  speed-maintaining  qualities  of  the  motor, 
and  the  extent  to  which  it  is  advisable  to  use  it  depends  in  its 
effect  on  the  commutation  and  internal  loss  of  the  motor.  Arma- 
ture regulation,  on  the  other  hand,  depends  on  its  stability  on  a 
uniform  load  being  carried  by  the  motor,  a  condition  that  does 
not  obtain  in  the  machine-tool  driving.  If  sufficient  resistance  is  in- 
troduced into  the  armature  circuit  to  reduce  the  speed  20  per  cent, 
at  full  load,  the  speed  will  be  but  slightly  reduced  at  no  load,  while 
if  the  motor  is  working  at  100  per  cent,  overload,  as  it  may  easily 
be  doing  for  short  periods,  the  speed  will  be  reduced  approximately 
40  per  cent,  in  nlace  of  20  per  cent.  Such  a  condition  is  frequently 
found  in  practice  and  it  is  doubtful  whether  regulation  of  .speed 
by  armature  resistance  should  be  allowed  to  a  greater  extent  than 
<S  or  10  per  cent,  on  account  of  this  action.  This  does  not  apply 
to  motors  operating  cranes  or  similar  machinery,  and  on  account 
of  this  action,  by  which  the  voltage  across  the  motor  terminals  is 
reduced  when  any  heavy  loads  are  taken,  the  use  of  a  certain 
amount  of  armature  resistance  ma.y  be  recommended  on  planers 
and  other  tools  in  which  a  large  amount  of  power  is  taken  at  the 
instant  of  reverse.  On  a  test  of  a  42  x  42-in.  planer,  at  the  Col- 
linwood shops,  it  was  found  that  the  introduction  of  resistance 
equal  to  20  volts  at  full  load  reduced  the  current  taken  at  the 
instant  of  reversing  .50  per  cent.,  without  seriously  affecting  the 
speed  during  the  cutting  .stroke.  As  this  class  of  tools  is  the  one 
giving  most  trouble  when  direct-driven,  it  would  appear  advisable 
in  all  cases  to  insert  a  small  amount  of  resistance  in  the  current 


to  obtain  this  action.  In  general,  however,  the  above  remarks  hold 
good,  and  a  variation  of  10  per  cent,  is  the  limit  to  which  this 
class  of  regulation  should  be  used,  or  the  speeds  obtained  by  it  will 
not  be  reliable. 

On  the  three-wire  system  it  is  therefore  necessary  to  obtain 
the  speeds  intermediate  between  those  obtained  from  the  direct 
voltages  by  field  regulation  up  to  a  point  that  is  within  10  per 
cent,  of  the  higher  voltage  speed,  or,  in  other  words,  a  speed  varia- 
tion of  80  per  cent,  must  be  obtained  in  this  way.  This  was  pre- 
viously thought  impossible,  the  maximum  practical  increase  in  this 
method  have  been  assumed  to  be  about  30  to  40  per  cent.  Dur- 
ing the  past  year  or  so,  motors  have,  however,  been  developed  that 
allow  of  this  amount  of  regulation,  and  with  this  improvement  the 
three-wire  system  becomes  a  serious  rival  to  the  four-wire.  These 
motors,  which  are  special,  are  stated  to  develop  a  constant  horse- 
power over  a  range  of  100  per  cent.,  so  that,  commencing,  for 
instance,  at  a  speed  of  250  revolutions  per  minute  at  110  volts, 
the  speed  is  increased,  by  field  weakening,  up  to  500  revolutions 
per  minute.  The  speed  with  normal  field  at  220  volts  is  also  500 
revolutions  per  minute,  so  that  by  running  at  that  voltage  the  field 
can  again  be  weakened  until  a  speed  of  1,000  revolutions  per  min- 
ute is  obtained.     To  illustrate  these  conditions  the  diagram  Fig.  1 
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FIG.  1. — HOESE-POWKB  DIAGRAM  FOE  MOTORS  ON  THE  3  AND  4-WIBE 

SYSTEMS. 

has  been  prepared,  on  which  is  shown  in  full  lines  the  horse-power 
developed  by  such  a  motor  at  a  varying  number  of  revolutions. 
To  make  a  comparison  with  the  motor  used  on  a  four-wire  system 
having  the  same  range,  4  to  1,  the  same  speeds  and  same  mini- 
mum horse-power,  the  dotted  lines  on  this  diagram  give  the  same 
iuformation  for  that  case,  in  which  40  per  cent,  variation  in  speed 
is  obtained  by  field  weakening.  This  does  not  represent  the  prac- 
tice actually  recommended  by  the  manufacturers,  but  is  what  would 
be  furni.shed  to  obtain  the  same  range  and  number  of  revolutions. 
This  diagram  shows  up  several  points.  First,  that  the  same  gen- 
eral size  of  motor  is  required  by  both  systems  to  do  the  same  work, 
since  evidently  in  this  case  each  requires  a  motor  that  will  develop 
10  h.p.  at  500  revolutions  per  minute,  although  the  four-wire  motor 
is  capable  of  developing  more  at  a  greater  speed,  which  the  three- 
wire  is  not.  It  is  fairly  accurate  to  .say,  however,  that  the  size 
of  motor  decends  on  the  horse-power  developed  at  a  given  speed,  so 
that  in  this  respect  both  systems  are  uniform.  One  point  in  this 
connection  is  worthy  of  notice.  The  three-wire  motor  develops 
10  h.p.  at  500  revolutions  per  minute.  At  that  speed  it  will  also 
develop  5  h.p.  working  on  the  lower  voltage.  Now,  under  the  latter 
condition  the  current  is  the  same,  the  speed  the  same,  and  the  field 
is  weakened  50  per  cent.  This  is  a  condition  under  which  the  com- 
mutation would  be  equivalent  to  a  motor  working  under  100  per 
cent,  overload  with  normal  field,  if  the  motor  were  of  ordinary 
construction.  Your  committee  does  not  wish  to  go  into  the  tech- 
nical questions  involved  in  this  fact,  but  would  call  attention  to  it, 
as  it  is  important.  There  are  two  factors  affecting  the  horse- 
power that  can  be  developed  by  any  given  motor,  the  heating  and 
the  commutation.  Tlie  latter  is  the  condition  that  on  ordinary 
motors  first  gives  trouble.  If  then  it  is  intended  to  install  a  three- 
wire  system  with  this  method  of  speed  control,  special  attention 
should  be  given  to  the  capacity  of  the  motor  for  commutation  when 
working  with  weak  fields,  especially  when  overloaded  under  those 
conditions.  It  certainl.v  requires  a  motor  specially  designed  for 
this  work,  and  it  would  not  appear  possible  to  adapt  a  standard 
motor  to  it. 

Secondly,  this  diagram  shows  that  while  the  three-wire  system 
gives  apparently  equal  results  to  the  four-wire  on  tools  requiring 
constant  horse-power,  it  is  inferior  to  it  on  tools  in  which  the  horse- 
power varies  with  the  speed,  such  as,  for  instance,  planers,  slot- 
ters,  shapers,  etc.  As  these  tools  are  not,  however,  in  a  majority, 
this  feature  is  not  perhaps  of  sufficient  importance  to  seriously 
influence  the  question. 

Again,  the  four-wire  system  affords,  under  the  ma.iority  of  con- 
ditions, greater  power  from  the  same  sized  motor  than  does  the 
three-wire.  If  the  motor  is  large  enough  under  all  conditions  this 
is  not  important,  but  in  a  great  many  cases  it  will  be  found  that 
unless  motors  are  all  installed  that  are  of  ample  size,  which  means 
a  relatively  expensive  plant,  all  the  power  that  you  can  get  out  of 
a  motor  is  a  good  thing  to  h.ave,  and  this  feature  must  be  taken 
as  an  advantage  in  favor  of  the  four-wire  system.  On  the  whole, 
this  discussion  is  rather  in  favor  of  the  latter,  but  there  are  some 
other  points  on  the  side  of  the  three-wire  that  should  not  be  over- 
looked. While  requiring  specially  designed  motors  in  place  of  the 
standard  motors  that  are  used  on  the  four-wire  system,  it  is  possi- 
ble to  so  arrange  the  generators  that  the  plant  is  independent  of 
the  operation  of  a  balancing  set.  This  would  be  a  very  consider- 
able advantage,  as,  while  a  balancing  set  gives  no  trouble  what- 
ever in  operation,  if  any  accident  should  happen  to  it  all  tools 
dependent  on  the  intermediate  voltages  for  their  operation  would 
be  put  out  of  service,  and  in  a  large  plant  it  would  appear  desir- 
able to  install  it  in  duplicate.  The  three-wire  s.vstem  also  simpli- 
fies the  lighting  problem  to  a  certain  extent  and  affords  what  is 
practically  a  three-wire  system  for  that  purpose.  Your  committee 
in  general  feels  that  on  this  subject  the  time  is  not  ripe  for  any 
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definite  statement ;  the  two  .systems  referred  to  are  both  coming 
into  use  and  tlieir  merits  will  be  decided  on  the  field  of  .service. 
The  chief  features  on  one  side  and  the  other  appi'ar  to  be,  the  use 
of  a  .siMicial  motor  and  one  e.\tra  wire  on  the  one;  side  its  a;;ainst  a 
slaiularil  molor  and  two  extra  wires  on  the  other.  There  does  not 
seem  to  he  any  great  advantage  in  cost  on  one  side  or  the  other  so 
far  as  investigation  of  the  regular  prices  can  delermim^  whi're  the 
co.st  of  wiring  is  considered,  and  apart  from  tliis  question,  which 
is,  perhaijs,  the  most  important  one  in  the  long  run,  the  points 
deserving  careful  attention  in  considering  the  design  of  a  plant 
would  be  the  equal  capacity  of  the  motors  offered  for  standing 
overloads  so  far  as  both  heating  and  commutation  are  concerned, 
the  speed  of  the  motors  at  the  maximum,  which  for  equivalent  cost 
it  is  desirable  to  keep  equally  low,  the  controller  employed,  the 
latter  being  quite  an  important  detail  of  the  apparatus,  aii(l  tlu' 
elimination  of  armature  regulation  beyond  all  limits  referred  to. 

Heyond  this  discussion  a.s  to  the  system  to  be  adopted  for  ma- 
chine-shop driving  which  is  decided  by  the  above  considerations. 
your  committee  does  not  feel  that  it  desire-s  to  open  the  question  of 
direct  versus  alternate  current  for  the  purpcses  in  which  speed  con- 
trol is  not  required,  believing  that  since  technical  discussions  on 
this  subject  before  societies  of  electrical  engineers  do  not  appear 
to  have  ever  been  productive  of  any  definite  results,  it  is  hardly 
worth   while  approaching  from   the  standpoint  of  those  who  are 


not  electricians,  and  would  leave  it  to  the  question  of  convenience 
and  local  condition.s  by  which  it  in  so  strongly  affected  after  the 
ilriving  of  the  locomotive  machine  shop  has  been  diKpo.sed  of. 

STATISTICS    AND    DATA. 

The  efforts  of  the  connnittee  to  comiiile  complete  and  full  data 
has  been  frustrated  by  the  lack  of  exact  information,  although 
every  j)06sible  effort  to  obtain  same  has  been  made,  but  it  is  hoped 
that  before  the  paper  goes  into  the  Proceedings  in  permanent  shape, 
any  errors  due  to  insuflicient  data  will  be  corrected.  Five  or  8ix 
sbojis  are  in  proci'ss  of  erection  at  the  present  time,  while  three  or 
four  others  are  in  a  preliminary  stage;  coriKequently,  none  of  these 
could  be  incliiileil  in  the  table.  (Not  reproduced. — Kd.)  It  has 
been  the  ludi  avor  of  the  committee  to  ascertain  the  "load  factor" 
of  the  dilferent  schemes,  but  this  could  be  obtained  in  a  few  cases 
cjiily,  owing  to  insufficient  data.  I'y  lo.a'l  factor  is  meant  the  rela- 
tion between  the  capacity  of  generators  (after  deducting  the  con- 
stant or  fan  loads,  the  average  lighting  load,  etc.)  and  the  variable 
loads,  such  as  shop  tools.  Tlie  figures  obtained  seem  to  show  that 
if  40  per  cent,  of  the  aggregate  horse-jjower  of  the  tools  is  taken 
and  to  this  are  adiled  the  constant  ami  the  average  lighting  load, 
we  have  a  figure  which  will  represent  the  generator  capacity  re- 
quired without  the  necessity  of  taking  into  the  account  the  cranes 
transfer  or  turn-tables.  In  this  connection  a  spare  unit  should 
receive  consideration. 


MASTER    CAR   BUILDERS'   ASSOCIATION. 


THIRTY-SEVENTH    ANNUAL   CONVENTION. 


ABSTRACTS  OF  REPORTS. 


STEAM  AND  AIR  LINE  CONNECTIONS. 


COMMITTEE — H.    F.     BAiL,    T.     W.     DEMAREST,    J.    T.     CHAMBERLAIN. 


In  considering  the  subject  your  committee  broadened  the  scope 
of  the  work,  including  in  its  investigation  the  size  of  steam  train 
pipe  and  other  data  which  had  a  direct  bearing  on  it.  We  were 
led  to  do  this  with  the  view  of  recommending  a  standard  size  of 
pipe  as  well  as  location  of  connections,  all  of  which,  if  adopted  by 
the  association,  would  permit  of  changing  the  present  equipment  at 
one  time  and  at  lesi-st  expense. 

With  one  exception  all  of  the  roads  represented  in  the  replies 
to  the  circular  of  inquiry  arc  using  1%  ins.  diameter  steam  train 
pipe.  This  size  of  train  pipe  was  adopted  by  many  roads  when 
steam  for  heating  their  pa.ssenger  trains  was  fii'st  introduced  and 
when  trains  consisted  of  six  and  eight  cars.  With  the  use  of 
heavier  locomotives  the  length  of  trains  has  been  practically 
doubled,  but  with  no  corresponding  increase  or  change  in  diameter 
of  train  pipe,  with  the  result  that  on  some  roads,  pressures  for 
heating  trains  are  being  used  up  to  90  and  100  lbs.,  and  with  re- 
sults not  entirely  satisfactory. 

It  is  difficult  to  heat  the  rear  cars  of  long  trains ;  excessively 
long  stops  are  required  at  division  terminals  to  get  steam  through 
tlae  train  after  changing  engines,  and  with  the  high  pressure  used, 
the  steam  hose  is  subject  to  more  rapid  deterioration,  resulting  in 
delays  on  the  road  from  burst  steam  hose,  not  to  say  anything 
about  the  increased  cost  of  maintenance. 

The  time  appeared  opportune  to  consider  the  matter  of  enlarging 
the  diameter  of  the  steam  train  line,  and  with  this  in  view  a  series 
of  tests  were  conducted  at  Collinwood,  Ohio,  on  a  train  of  sixteen 
passenger  coaches  during  the  months  of  February  and  March. 

The  tests  may  properly  be  divided  into  four  principal  investiga- 
tions, namely : 

1.  The  mrestigation  of  the  steam  hose  coupling,  or  a  comparison 
between  gasket  openings  of  1%,  1%  and  1%-in.  diameters  with 
regard  to  their  "steam  obstructing"  qualities  in  connection  with 
1%  and  2-in.  diameter  train  pipes. 

2.  The  inrcstigaiion  of  the  train  line,  or  a  comparison  between 
a  2-in  and  1^,^-in.  train  line  with  regard  to  their  "steam  obstruct- 
ing" qualities,  and  their  abilities  to  maintain  a  line  pressure  and 
provide  steam  to  the  radiators. 

3.  The  invest iga lion  of  the  admission  valve,  or  a  comparison  be- 
tween a  valve  having  a  1-in.  diameter  opening  and  one  having  a 
i/4-in.  diameter  opening,  to  determine  their  "steam  obstructing" 
qualities  (when  open)  on  the  train  line,  and  their  abilities  to  pro- 
vide steam  to  the  radiators. 

4.  The  invcsligation  of  steam  pressures,  or  a  comparison  be- 
tween the  effect  of  low  pressure  on  the  2-in.  line  and  high  press- 
ure on  the  1%-in.  line. 

The  apparatus  for  making  these  investigations  consisted  of  the 
following :  A  train  of  sixteen  52-ft.  passenger  coaches,  total  length 
of  train  being  about  900  ft.,  each  car  being  equipped  with  both  the 
2-in.  and  IVo-in.  train  pipe. 

The  cars  were  provided  with  1-in.  steam  inlet  controlling  valves, 
and  for  the  '/i-in.  diameter  inlet  opening,  connection  was  broken 
and  a  copper  gasket  used  with  a  Vi-in.  diameter  hole  in  it. 

New  steam  gauges,  carefully  calibrated,  and  located  about  the 
center  of  each  car,  were  provided. 

Each  car  was  equipped  with  three  thermometers,  one  at  each 
end  and  one  in  the  center  of  the  car,  suspended  from  the  ceiling. 
Thermometers  were  carefully  calibrated. 

Tlie  train  was  placed  on  a  special  track  near  the  power  house 
of  the  Collinwood  locomotive  shop  plant,  in  an  exposed  position, 
running  east  and  west  and  having  nothing  on  either  side  for  its 
entire  length  to  obstruct  wind  and  weather. 

Steam  at  1.50  lbs.  pressure  Wiis  obtained  through  a  .S-in.  line 
from  the  power  house,  connection  to  the  train  being  made  exactly 
as  with  a  locomotive,  namely :  a  globe  valve  and  1-in.  pipe  to  press- 
ure regulator  and  1%  or  2-in,  pipe  outlet  to  train  line,  with  steam 
gauge.  Between  the  regulating  valve  and  end  valve  of  train,  con- 
nection was  made  with  a  ?i-in.  air  pipe  with  globe  valve ;  through 
this  line  air  at  90  lbs.  pressure  was  obtained  for  blowing  out  steam 


pipe,  to  obtain  constant  temperatures  at  the  termination  of  tests. 

In  the  log  of  results,  the  tests  are  classified  in  ali)habetical  order 
and  will  be  referred  to  in  that  manner.  Many  of  the  tests  were 
conducted  at  night  time,  with  a  view  of  getting  constant  tempera- 
ture conditions. 

[Editor's  Note. — The  tests  revealed  a  marked  advantage  in  the 
use  of  2-in.   train   line  in   all  of  the  comparisons.] 

In  deciding  ujion  localities  of  steam,  air  brake  and  signal  con- 
nections it  was  found  imjiracticable  to  establish  fixed  positions  for 
these  parts  that  could  be  adopted  by  all  roads.  Platform  and  draft 
gear  designs  not  being  alike  on  all  roads  renders  the  subject  a 
very  difficult  one  to  treat.  It  was  therefore  deemed  best  to  estab- 
lish positions  for  steam  heat,  signal  and  air  brake  only,  with  rela- 
tion to  each  other  horizontally,  and  back  from  inside  face  of 
knuckle,  to  which  all  or  nearly  all  can  adhere.  Then  within  cer- 
tain limits,   the  air  brake  and  steam  heat  pipes  can  be  adjusted 
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vertically  or  all  the  pipes  can  be  shifted  horizontally,  providing 
their  relative  locations  are  maintained.  This  method  provides 
sufficient  flexibility  to  permit  of  the  proposed  locations  being  fol- 
lowed on  any  design  of  platform  and  when  so  arranged  the  con- 
nections will  hang  properly  when  coupled  together. 
recommendations. 

Your  committef  would  recommend  for  adoption  as  recom- 
mended practice   the  following : 

Two-inch  steam  train  pipe ;  end  train  pipe  valves ;  steam  hose, 
1%-in.  inside  diameter  and  of  such  length  as  to  provide  31  ins. 
from  face  of  coupling  gasket  to  end  of  hose  nipple;  1%-in.  steam 
hose  couplings  with  gaskets  having  li^-in.  diameter  opening,  gas- 
kets to  be  so  constructed  that  the  normal  diameter  of  opening  will 
always  be  maintained  ;  couplings  not  provided  with  gravity  traps ; 
inlet  valves  to  have  reduced  openings  which  should  be  as  small  as 
possible  and  maintain  the  volume  of  steam  required  by  the  radiat- 
ing pipes  for  the  severest  weather  conditions,  steam  heat,  air 
brake  and  signal  connections  to  be  located  as  shown  on  diagram ; 
air  brake  and  air  signal  hose  to  be  1-in.  diameter  and  22  ins.  long. 


COLLARLESS  JOURNALS. 


committee — F.   W.   brazier,   E.   D.    nelson,   F.   H.    CLARK. 


Your  committee  to  consider  and  report  upon  the  use  of  collar- 
less  journals  prepared  and  submitted  to  the  memt)ers  a  circular 
embodying  questions  in  order  to  collect  data  on  which  to  base  its 
report  to  the  convention : 

Replies  from  thirty-one  members,  representing  640,608  freight 
and  14,629  passenger  cars,  show  that  2  per  cent,  of  the  freight  and 
15  per  cent,  of  the  passenger  equipment  represented  are  equipped 
with  collarless  journals. 

Thirty-one  per  cent,  of  the  passenger  and  2  per  cent,  of  the 
freight  ears  represented  in  the  replies  were  equipped  with  collarless 
journals,  whereas  2C  per  cent,  of  the  hot  boxes  on  passenger  and 
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1  per  cent,  of  the  hot  boxes  on  freight  cars  were  on  the  cars 
tiQuipped  with  collarless  journals. 

All  roads,  but  one.  advise  that  they  are  using  the  same  dust 
guards  and  lids,  for  both  passenger  and  freight  cars,  with  collar 
and  collarless  journals.  .       .  ,      .^.    .    ^.    ,  •   j 

All  roads  state  the  same  kind  of  bearing  is  used  with  both  kinds 
of  journals.  ,         .  ,         ,       r     •  i  i        „„ 

Replies  cover  135  cases  of  broken  journal  under  freight  cars 
with  collar  journals,  and  eight  under  cars  with  collarless  journals; 
no  ca.ses  reported  of  broken  journals  under  passenger  cars  during 
I  ho  period  mentioned.  ,      .  .        .,1 

Of  the  members  representing  cars  equipped  with  collarless  jour- 
nals, who  made  reply,  nine  advise  it  is  more  difficult  to  inspect  the 
journal  bearings  on  account  of  the  journal  bearing  keys  used  with 


that,  in  most  cases,  the  cause  of  hot  boxes  is  the  bad  condition 
of  the  packing  at  the  side  and  rear  of  the  box,  and  that  the  only 
remedy  is  a  systematic  and  efficient  treatment  of  the  packing  to 
overcome  the  glazed  or  hardened  condition  resulting  from  too  long 
contact  with  the  journal,  rather  than  by  applying  more  oil. 

In  view  of  the  foregoing  facts  your  committee  is  of  the  opinion, 
based  upon  past  experience,  that  the  M.  C.  B.,  or  collar  type  of 
journal,  is  almost  a  necessity  to  insure  intelligent  inspection  and 
proper  care  of  the  packing  in  the  journal  boxes.  _ 

We  also  wish  to  call  attention  to  the  excessive  end  play  with 
the  collarless  journal,  allowing  the  brass  to  swing  out  over  the  end 
of  the  journal,  thereby  bringing  the  load  farther  from  the  tul^Tum 
and  causing  a  greater  strain  on  the  axle  than  is  the  case  with  the 
collar  journal  where  the  end  play  is  limited. 
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the   collarless  journal,   and   five   that   there   was   no   difficulty   cx- 

^""N^ue*^ members  reply  that  trucks  keep  square  as  well  with  the 
collarless  journals  as  with  the  collar  journal,  and  fave  members 
advise  that  they  do  not.  .  ,     ,     ^  ^1    ^  n       „j 

Your  committee  desires  to  call  attention  to  the  fact  that  the  end 
of  the  journal  bearings  keys  used  with  the  collarless  journal  not 
only  prevents  proper  inspection  of  the  journal  bearing  and  pacK- 
ing  but  certainly  interferes  with  the  oilers  giving  to  the  packing, 
an  important  termini,  the  attention  necessary  to  maintain  tne 
efficiency  of  the  packing.  This  is  more  particularly  true  of  the 
packing  at  the  side  and  rear  of  the  box,  which  can  be  readily 
appreciated  by  all  who  are  familiar  with  the  conditions  surround- 
ing this  type  of  journal,  due  to  the  lack  of  space  between  the  side 
of  the  journal  box  and  the  journal.  This  feature  of  maintaining 
the  elasticity  of  the  packing  is  becoming  more  essential  wiiu  the 
increased  loads  and  speed  of  trains  of  the  present  day,  in  order  to 
overcome  hot  boxes,   the   danger  of  which   is   increased   with   the 

-^l"'has  Veen'^tUoroughly  demonstrated  that  the  highest  efficiency 
in  lubrication  is  obtained,  not  by  the  simple  process  of  adding 
more  oil  to  the  box,  but  by  thoroughly  maintaimng  the  packing  in 
a  loose  and  elastic  condition  in  order  that  the  oil  may  be  freely 
eonveyed  from  the  packing  to  the  journal.    It  has  also  been  shown 


TROPOSED  STANDARD  PEDESTAL  AND  JOURNAL  BOX 
FOR  PASSENGER  CARS  FOR  5  BY  U-IN.  .lOUKNALS. 

COMMITTEE— J.    R.    SLACK,    T.    B.    PtJRVES,    JR.,    WM.    RENSHAW. 

Your  committee,  appointed  to  submit  a  proposed  design  for 
Pedestal  and  Journal  Box  for  Passenger  Cars  for  5  by  9-in.  Jour- 
nals, beg  to  submit  designs  as  shown  on  the  accompanying  draw- 
ings.  

LABORATORY  TESTS  OP  BRAKE  SHOES. 

COMMITTEE— CHARLES   COLLER,    WM.   GAKSTAKG,    W.    F.    M.   GOSS. 

Since  the  presentation  of  the  last  formal  report  of  your  commit- 
tee on  Laboratory  Tests  of  Brake  Shoes,  in  June,  1901,  four  shoes 
have  been  tested  by  your  committee;  three  of  these  were  sub- 
mitted on  behalf  of  the  Michigan  Central  Railway  by  Mr.  E.  V. 
Bronner,  Superintendent  of  Motive  Power  and  one  9°  behalt  of 
tlie  C,  B.  &  Q.  R.  B.  by  Mr.  F.  H.  Clark,  Supermtendent  of 
Motive  Power.  The  actual  work  of  testing  was  performed  by  the 
authorities  of  the  engineering  laboratory  of  Purdue  University, 
Snder   the    immediate    direction   of    Edward    Reynolds,    Associate 
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Professor  of  Experimental  Engineering,  in  accord  with  the  stand- 
ing arrangement  existing  between  your  committee  and  Purdue  Uni- 
versity. All  results  were  duly  reported  to  your  committee,  and 
theuoe  transmitted  to  the  parties  interested.  The  characteristic 
mark  borne  by  each  shoe  tested,  the  number  assigned  it  in  the 
laboratory,  the  date  upon  which  the  report  was  rendered,  and  the 
road  submitting  the  shoe,  are  all  shown  by  Table  I. 
TABLE  I. 

Date  on  which  Re- 
port was  Rendered. 

Aug.  22,  1902 


Mark  on  Shoe. 
R.  W.  &  F.  Cki. 


Lab. 

No. 

79 


R.  W.  &  P.  Co.     80     Aug.  22,  1902 

R.  W.  &  F.  Co.     81     Aug.  22,  1902 

Walsh 114     May  2, 1903 


By  Whom  Submitted. 
Michigan  Central  Ry.  Co.,  by 

E.  D.  Bronner,  S.  M.  P. 
Michigan  Central  Ry.  Co.,  by 

B.  D.  Bronner,  S.  M.  P. 
Michigan  Central  Ry.  Co.,  by 

B.  D.  Bronner,  S.  M.  P. 
C.  B.  &  Q.  R.  R.,  by  F.  H. 

Clark,  S.  M.  P. 

Shoes  Nos.  79,  SO  and  81  were  all  of  close-grained  material,  ap- 
parently iron,  and  except  for  the  presence  of  blow  holes,  they  were 
solid  throughout  their  structure,  no  inserts  being  used.  While 
they  were  to  be  regarded  as  hard  shoes,  no  portion  of  them  was 
chilled,  and  no  difficulty  was  experienced  in  piercing  them  in  any 
direction  with  a  drill.  The  dimensions  of  the  shoes  were  identical. 
When  worn  down  to  fit  the  wheeJ,  their  faces  were  3%  by  13%  ; 
their  length  being  measured  on  the  arc.  Upon  the  conclusion  of 
the  tests,  the  shoes  were  drilled  and  split  lengthwise  and  photo- 
graphs made  both  of  the  face  and  the  fracture  thus  obtained.  An 
examination  of  the  fracture  shows  no  perceptible  difference  in  the 
structure  of  the  several  shoes.  The  fragments  of  the  shoes  are 
preserved,  for  the  present,  in  the  laboratory  of  Purdue  University. 

No.  114  was  one  of  a  lot  of  five  sent  to  the  laboratorv.  all  of 
which  were  supposed  to  be  alike.  It  is  of  soft  cast  iron  having 
two  pear-shaped  inserts  of  hard  metal,  the  outline  of  which  ap- 
pears upon  its  wearing  face.  All  parts  of  the  shoe,  except  the 
hard  insert  and  the  metal  in  its  immediate  vicinity  were  easily 
machined.  The  shoe  was  cast  to  fit  a  36-in.  wheel,  and,  therefore, 
required  to  be  planed  and  ground  down  to  an  approximate  fit  to 
the  33-in.  wheels  used  on  the  testing  machine  before  any  applica- 
tions were  made.  Each  insert  is  provided  with  a  lug  extending 
entirely  through  to  the  back  of  the  shoe,  and  the  body  of  the  shoe 
is  strongthened  by  two  steel  rods  which  extend  lengthwise  through 
it.  The  dimensions  of  the  face  of  the  shoe  are  3%  ins.  wide  by 
14  ins.  long,  as  measured  on  the  arc.  The  total  area  of  contact  is, 
tlicrcfore,  49  sq.  ins.,  of  which  9V2  sq.  ins.,  or  about  20  per  cent., 
is  made  up  of  the  hard  inserts,  while  the  remaining  80  per  cent, 
is  of  the  soft  cast  iron  forming  the  body  of  the  shoe. 

The  routine  of  testing  shoes  was  greatly  simplified  by  the  adop- 
tion, in  June,  1901,  of  a  standard  specification  which  permits  all 


tests  upon  a  cast-iron  wheel  to  be  made  from  a  speed  of 
40  miles  an  hour,  and  all  tests  upon  a  steel-tired  wheel 
from  a  speed  o£  U,")  miles  an  huur.  The  process  of  test- 
ing under  each  condition  specified  has  not  been  changed. 
Each  shoe  was  brought  into  full  bearing  with  the  wheel 
by  trial  applicatiou.s  prior  to  the  begiuuiug  of  the  formal 
tests.  The  usual  precautiou.s  were  lakeu  to  avoid  over- 
heating, both  of  the  shoe  and  wheel,  an  air  blast  being 
used  between  every  two  or  three  applicaliuus. 

The  specifications  of  the  Master  (Jar  Uuilders'  Associa- 
tion provide  that  shoes  when  tested  on  the  Master  Car 
Kuilders'  testing  machine  in  effecting  stops  from  a  speed 
of  40  miles  an  hour  shall  develop  a  coetficient  of  fric- 
tion which  upon  a  chilled  wheel  shall  not  be  less  than 

22  per  cent,  when  the  brake-shoe  pressure  is  2,808  lbs. 
20  per  cent,  when  the  brake-shoe  pressure  is  4,152  lbs. 
16  per  cent,  when  the  brake-shoe  pressure  is  0,840  lbs. 

that  shoes  when  tested  on  a  steel-tired  wheel  from  a  speed 
miles  an  hour  shall  develop  a  mean  coefficient  of  friction 
shall  not  be  less  than 

16  per  cent,  when  the  brake-shoe  pressure  is  2,808  lbs. 
14  per  cent,  when  the  brake-shoe  pressure  is  4,152  lbs. 
12  per  cent,  when  the  brake-shoe  pressure  is  6,840  lbs. 

The  specifications  also  provide  that  the  rise  in  the  value  of  the 
coefficient  of  friction  at  the  end  of  the  stop  will  be  within  such 
limits  that  the  value  of  the  coefficient  of  friction  for  a  point  15  ft. 
from  the  end  of  the  stop  will  not  exceed  the  mean  coefficient  of 
friction  by  more  than  7  per  cent. 

A  summary  of  the  results  obtained  appears  as  Tables  II.  and  III. 

TABLE  II. 
COEFFICIENT    OF    FEICTION PEB    CENT. 

-Steel-Tired  Wheel.- 


Also, 
of  65 
which 


' 

t ■ 

Value 

-Chilled  Wheel. 

^ 

Spec- 

Shoe Number. 

114 

ified. 

79          80       81 

114 

15.1 

22 

20.       19.6     19. 

25. 

14.1 

20 

16.3     18.1     17.4 

25.4 

13.3 

16 

15.3     15.3     15.9 

22.5 

Brake 

Shoe  Value 

Pres-  Spec-             Shoe  Number. 

sure,  ified.  79         80  81 

2808  16  14.4      15.9  15.5 

4152  14  12.7      12.9  13.6 

6S40  12  11.2      11.3  11.6 


TABLE   III. 

RISE    IN    VAiUE    OF    COEFFICIENT    OF   FRICTION,    15    FT.    FROM    END   OF    STOP. 


Brake 

-Steel-Tired  Wheel.- 

^ 

' 

-Chilled  Wheel. 

% 

Shoe  Value 

Value 

Pres-  Speo- 

Shoe  Number. 

Spec- 

Shoe Number. 

79         SO       SI 

114 

ified. 

79          SO        81 

114 

2S08          7 

11.6       9.9     12.5 

8.1 

7 

8.4        8.6        9. 

5.3 

4152          7 

S.S        7.9        9.5 

11.7 

7 

9.4     10.9      11.1 

6.5 

6840          7 

6.2        7.1        6.9 

7.4 

7 

6.4        8.6        5.9 

3.7 

The  behavior  of  each  shoe  tested  with  reference  to  smoothness 
of  action  upon  the  wheel  appeared  normal  in  every  way.  Ihere 
was  no  chattering,  neither  was  there  evidence  of  excessive  wear 
upon  the  wheel.  Shoes  Nos.  79,  80  and  81  developed  substantially 
the  same  coefficient  of  friction  upon  the  chilled  wheel,  while  upon 
the  steel-tired  wheel  their  performance  was  in  the  order  in  which 
they  are  numbered.  No.  79  being  the  poorest,  and  No.  81  the  best. 
The  coefficient  of  fricrion  developed  by  each  of  these  Shoes  is  be- 
low the  requirements  of  the  specifications,  while  the  rise  in  the 
value  of  the  coefficient  at  the  end  of  the  stop  exceeds  the  limit 
allowed.  No.  114  developed  a  coefficient  of  friction  in  excess  of 
that  specified  in  all  but  one  case,  and  the  rise  in  the  value  of  the 
coefficient  of  friction  at  the  end  of  the  stop  is  well  within  the 
specified  maximum  when  used  upon  the  cast-iron  wheel,  but  is  in 
excess  of  the  allowed  limit  when  used  upon  the  steel-tired  wheel. 
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EXHIBITS  AT  THE  CONVENTIONS. 

Acme  Supply  Company,  Chicago,  111.  Showing  vestibule  dia- 
phragm. 

Adams  &  Wastlake  Company,  Chicago.  Adlake  acetylene  gas  car- 
lighting  system.  ^ 

American  Balance  Valve  Company,  Jersey  Shore,  Pa.  American 
balanced  slide  valves,  American  balanced  piston  valves,  the 
J.  T.  Wilson  high  pressure  balanced  valve,  the  American  Metal- 
lic piston  rod  and  valve  stum  packing,  the  Nixon  safety  stay- 
bolt  sleeve. 

American  Brake  Shoe  &  Foundry  Company,  New  York  and  Chi- 
cago.    Railway  brake  shoes. 

American  Steam  Gauge  &  Valve  Company,  Boston,  Mass.  Show- 
ing steam  gauges  and  locomotive  pop  safety  valves. 

American  Steel  Foundries  Company,  New  York  and  St.  Louis. 

Aurora  Metal  Company,  Aurora,  111.  Showio"  the  Lewis  & 
Kunzer  metallic  piston  packing. 

Baltimore  Railway  Specialty  Company,  Baltimore,  Md.  The  "Nor- 
wood'' ball  bearings,  center  and  side  bearings. 

Besly  &  Co.,  Charles  H.,  Chicago.  Taps,  parallel  clamps  and  Gard- 
ner grinders. 

Bordo,  L.  J.,  Philadelphia,  Pa.  Showing  the  Bordo  blow-off  valve 
and  Bordo  appliances. 

Boston  Belting  Company,  Boston,  Ma.ss.  Showing  an  extensive 
exhibit  of  air  brake  hose  and  other  material. 

Brady  Brass  Company,  New  York,  N.  Y;  Cyprus  bronze  for  loco- 
motive and  journal  bearings. 

Buckeye  Malleable  Iron  &  Coupler  Company,  Columbus,  Ohio.  The 
Major  automatic  coupler. 

Buffalo  Forge  Company,  Buffalo,  N.  Y.  Buffalo  fans  for  mechan- 
ical induced  draft,  down  draft  forges,  blowers  and  exhausters 
for  shop  equipment. 

Cofiin-Megeath  Supply  Company,  Franklin,  Pa.  Showing  car 
coupler. 

Chicago  Pneumatic  Tool  Company,  Chicago,  111.  Full  line  of  pneu- 
matic hammers  and  drills  and  other  pneumatic  tools. 

Commonwealth  Steel  Company,  St.  Louis,  Mo.  Models  of  trucks 
and  separable  bolsters. 

Consolidated  Railway  Electric  Lighting  &  Equipment  Company, 
New  York.  Exhibiting  on  D.  &.  II.  tracks  electric  lighted 
Pullman  car,  "Elysian." 

Crane  Company,  The,  Chicago,  111.  The  new  Crane  locomotive 
muffler  pop  safety  valve,  gun  metal  globe  and  angle  valves  and 
blow-off  valves  for  high  steam  pressure. 

Crocker-W^heeler  Company,  The.  Ampere,  N.  J.  Showing  photo- 
graphs of  motor  equipped  machine  tools  and  bulletins. 

Damascus  Brake  Beam  Company,  St.  Louis,  Mo.  Damascus  brake 
beams. 

Dayton  Malleable  Iron  Company,  Dayton.  O.  Dayton  draft  gear, 
Dayton  patent  car  door  fastener,  lubricating  center  plate. 

Detroit  Lubricator  Company,  Detroit,  Mich.  Exhibit  of  lubricators. 

Edwards  Company,  The  O.  M.,  Syracuse,  N.  Y.  Showing  fourteen 
designs  of  window  models,  recent  improvements,  six  models  of 
extension  platform  trapdoors  for  wide  vestibules  and  open 
platforms  for  railroad  coaches. 

Franklin  Manufacturing  Company,  The,  Franklin,  Pa.  Showing 
asbestos  dust  guards,  asbestos-magnesia  molded  boiler  cover- 
ing, asbestos  train  pipe  covering. 

Gold  Car  Heating  &  Lighting  Company,  New  York,  Chicago  and 
London.  Car  heating  apparatus,  duplex  coil  system  and 
straight  steam  operated  under  steam. 

Gould  Car  Coupler  Company,  New  York.  N.  Y.  Improved  M.  C.  B. 
journal  boxes,  improved  malleable  draft  rigging  for  freight 
equipment  with  spring  buffer  blocks ;  improved  M.  C.  B. 
coupler  for  100,000-lb.  car  and  improved  locomotive  tender 
coupler  for  heavy  equipment ;  steel  passenger  platform  with 
friction  buffer  and  draft  gear.  Friction  draft  gear  for  freight 
for  wood  or  steel  sills.  Improved  roller  side  bearings  for 
freight  cars. 

Hammett,  H.  G.,  Troy,  N.  Y.  Richardson  and  Allen  Richardson 
balanced  slide  valves,  oil  cups,  "San.som"  bell  ringer,  link 
grinders  and  Prendergast  metallic  packing. 

Handy  Car^  Equipment  Company,  Chicago,  111.  Showing  the  Handy 
swinging  pilot  coupler,  snow  car  and  locomotive  replacer. 

Kennicott  Water  Softener  Company,  The,  Chicago,  111.  Showing 
water  softening  apparatus. 

Kindl  Car  Truck  Company,  Chicago.  III.  Showing  Kindl  car 
truck.  Cloud  car  truck,  roller  side  bearing,  pedestal  lateral 
motion. 

Lodge  &  Shipley,  Cincinnati,  Ohio.  Showing  a  24-in.  swing,  10-ft, 
bed,  motor-driven  engine  lathe. 

McConway  &  Torley  Company,  Pittsburg.  Pa.  Steel  and  malleable 
iron  couplers  for  freight  cars  and  tenders  of  the  Kelso  and 
.Tanney  patterns. 

McCord  &  Co.,  Chicago  and  New  York.  McCord  journal  box,  Mc- 
Cord  spring  dampener,  McKim  gasket  and  Torrey  anti-fric- 
tion metal. 

Manning,  Maxwell  &  Moore,  New  York.  Hancock  inspirators, 
check  valves,  steam  valves  and  strainers  for  locomotives. 

Manufacturers'  Railway  Supply  Company,  Chicago,  111.  Showing 
interlocking  car  and  driver  brake  shoes  and  interlocking  driver 
brake  head. 

Merritt  &  Co.,  Philadelphia.  Showing  combination  sheet  steel 
ventilated,  dustproof  sheet  steel  and  expanded  metal  lockers. 

Michigan  Lubricator  Company,  Detroit.  Mich.  Lubricator,  oil 
cups  and  a  new  triple  feed  lubricator  with  new  automatic 
safety  device  over  sight  feed  glasses. 

Midland  Railway  Supply  Company.  Chicago,  111.  Showing  the 
Perry  roller  side  bearings,  blue  prints  and  catalogues. 

More-Jones  Brass  &  Metal  Comnany.  St.  Louis,  Mo.  Showing 
Arctic  car  brasses.  Tiger  bronze  engine  brasses,  Hoo-Hoo  and 
Rex  babbitt  metals. 

National  M.nlleable  Castings  Company.  Cleveland,  O,  Showing 
the  Tower  locomotive  coupler,  the  National  journal  box.  Na- 
tional car  door  fastener. 


National  Car  Coupler  Company,  Chicago,  111.  National  steel  plat- 
form and  buffer  for  passenger  cars.  National  freight  car  coup- 
ler, Iliuson  draft  gear  and  the  Hinson  drawbar  attachment. 

Pittsburg  Spring  &  Steel  Company,  Pittsburg,  Pa.  Showing  loco- 
motive and  car  springs. 

Railway  Appliances  Company,  The,  Chicago,  111.  Showing  the 
"Stanwood"  car  step,  Ajax  vestibule  diaphragms,  Fewing's 
car  and  engine  replacer. 

Railway  Materials  Company,  The,  Chicago,  111.  Showing  Fer- 
guson oil  furnaces  and  Ferguson  locomotive  tire  kindler. 

Rand  Drill  Company,  New  York.  Showing  steam,  electric  and  gas 
driven  compressors ;  a  complete  line  of  Rand  pneumatic  tools. 

Safety  Car  Heating  &  Lighting  Company,  New  York,  N.  Y.  Ex- 
hibiting car  lighting  and  heating  apparatus.  The  new  features 
are  fancy  deck  liunps,  bracket  lamps  and  a  steam  heating  ex- 
hibit showing  all  the  latest  improvements  in  this  line,  and 
also  buoy   lantern. 

Scarritt  Furniture  Company,  St.  Louis,  Mo.  Showing  car  chairs 
and  seats. 

Simplex  Railway  Appliance  Company,  Chicago.  Simplex  bolsters 
for  80,0UO-lb.  capacity  cars ;  also  for  60,0U0-lb.  car.s  ;  Susemihl 
frictionless  side  beariug  and  brake  beams  for  all  service. 

Soule  Dust  Guard  Company,  Boston,  Mass.  Showing  the  Soule 
rawhide  lined  dust  guard. 

Standard  Coupler  Company,  New  York.  Standard  steel  platforms, 
Sessions'  standard  friction  draft  gear.  Standard  couplers. 

Standard  Car  Truck  Company,  Chicago,  111.  Showing  Barber 
roller  bearing  truck  models. 

Symington  Company,  The  T.  H.,  Baltimore,  Md.  Showing  journal 
boxes  and  dust  guards. 

Underwood,  H.  B.,  &  Co.,  Philadelphia,  Pa.  Showing  catalogue 
of  special  tools,  boring  bars  and  valve  scat  facers. 

Washburn  Coupler  Company,  Minneapolis,  Minn.  Showing  freight 
couplers,  flexible  head  passenger  couplers  and  switch  engine 
couplers. 

Waycott  Supply  Company,  St.  Louis,  Mo.     Damascus  brake  beams. 

Weilman-Seaver-Morgan  Company,  Cleveland,  Ohio.  Showing  the 
Wellman-Street  100.000-lb.  capacity  steel  hopper  car,  the  Well- 
man-Street  cast  steel  bolster,  the  Street  tandem  draft  gear, 
the  Street  twin  draft  gear,  the  Street  journal  box. 

■Wliall,  C.  H.,  &  Co.,  Boston,  Mass.  Showing  metallic  window 
casings,  car  ventilator  and  samples  of  fiber. 

Westinghouse  Air  Brake  Company,  The,  Pittsburg,  Pa. ;  The 
American  Brake  Company,  St.  Louis,  Mo. ;  Westinghouse  Au- 
tomatic Air  &  Steam  Coupler  Company,  St.  Louis,  Mo. 


The  Buffalo  Steam  Pump  Company,  whase  works  are  at  North 
Tonawanda.  has  been  purchased  by  Messrs.  William  P.  and 
Henry  W.  Wendt,  who  are  also  owners  of  the  Buffalo  Forge  Com- 
pany and  the  George  L.  Squier  Manufacturing  Company.  The 
North  Tonawanda  works  of  the  steam  pump  company  are  to  be 
continued  as  heretofore,  and  the  main  offices  will  be  in  Buffalo. 


We  underetand  the  records  in  the  clerk's  office  of  the  United 
States  Circuit  Court  for  the  Northern  District  of  New  York  dis- 
close the  fact  that  a  suit 'has  recently  been  instituted  in  that  court 
by  the  Safety  Car  Heating  &  Lighting  Company  against  the  Con- 
solidated Car  Heating  Company  for  alleged  infringement  of  its 
patents  in  connection  with  car  heating  devices.  We  presume  this 
is  the  outcome  of  the  claims  made  by  the  Safety  Car  Heating  & 
Lighting  Company  to  which  reference  was  recently  made  in  our 
columns.  The  suit  is  evidently  one  of  considerable  importance  as 
the  bill  was  filed  by  Betts,  Betts,  Sheffield  &  Betts,  of  New  YorK 
City,  with  Frederic  H.  Betts,  Samuel  R.  Betts,  Edward  P.  Wet- 
more  and  Randolph  Parmly  as  counsel. 


The  Norwood  side  bearings  and  center  plates  have  been  im- 
proved in  important  respects  since  last  year.  The  general  con- 
struction is  not  changed,  but  provision  is  made  to  insert  the  ball 
races  of  the  side  bearings  at  the  ends  of  the  castings  with  a  dove- 
tail fit,  preventing  them  from  raising.  The  ball  race  casting  is 
now  provided  with  a  motion  of  one-half  inch  endwise  of  the  bolster, 
and  adequately  secured  from  further  motion  by  a  guide  casting 
secured  to  the  bolster.  This  permits  the  side  bearings  to  adjust 
themselves  to  an  old  center  plate.  The  ball  bearing  center  plate 
is  now  milled  to  admit  the  ball  race,  the  work  being  done  accurately 
and  the  parts  interchange.  Tltfese  are  a  few  of  the  improvements 
seen  in  the  exhibit  at  the  Saratoga  conventions  of  the  Baltimore 
Railway    Specialty   Co.,   Calvert   Building,   Baltimore. 


Mechanical  Engineer,  experienced  in  the  design,  testing  and 
construction  of  railway  mechiinical  apparatus,  including  brake 
shoes,  air  brakes,  couplers  and  also  locomotives  and  stationary 
steam  engines,  desires  position  as  technical  or  executive  head 
of  a  large  manufacturing  or  engineering  firm.  Has  experience  in 
the  design  of  power  and  manufacturing  plants  and  makes  a  spe- 
cialty of  working  out  technical  processes,  systematizing  and  cheap- 
ening methods  of  production.  Can  furnish  best  of  references  and 
will  consider  reliable  firms  only.  Address  R.,  care  American 
Engineer.  .  - 
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INTEP  LOCKING  BRAKE  SHOES  AND  HEAD    FOR 
DRIVER    BRAKES. 


Brake  shoes  are  frcqupntly  thrown  away  when  but  little  worn, 
clue  lo  imperfect  bearings  or  uneven  wear,  which  results  from  de- 
fects in  the  brake  gear.  When  fairly  well  worn  rlown  they  are 
scrapped  with  a  large  loss  of  material  which  would  be  overcome 
by  construction  which  would  permit  the  shoe  to  be  entirely  worn 
through.  This  the  Manufact\u-ers'  Railway  Supply  tlompany  aim 
to  provide  in  their  new  interlocking  brake  shoe,  and  also  to  guard 
against  the  breakage  of  shoes  by  parting  them  in  the  center  in 
such  a  way  as  to  permit  of  more  perfect  fitting  to  the  wheel. 
Many  shops  break  before  they  are  near  the  end  of  a  fair  mileage 
becau.se  of  weakening  through   wear. 

Tlie  coastruction  of  the  shoe  and  the  bead  required  to  receive 
them  is  clearly  indicated  in  the  accompanying  engravings.  In 
«pite  of  the  expense  of  the  new  head,  it  is  stated  that  the  .saving 
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AND       POCKET 
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t-OCKET    FACED    SHOE.       PLAIN  FACED  SHOE. 


THE    WAYCOTT    BRAKEBEAM. 

The  great  success  which  has  been  attained  by  the  Damascus 
brakebeam,  which  was  introduced  about  eighteen  months  ago  bj 
the  Damascus  Brakebeam  Company,  of  8t.  Louis,  has  induced  the 
same  manufacturers  to  bring  out  a  new  beam,  which  will  be  known 
a.s  the  "Waycott."  The  Damascus  is  a  solid  beam,  and  since  its 
introduction  has  met  with  such  favor  as  to  have  caused  the  sale 
of  over  150,000  beams,  which  are  now  in  use  on  a  large  number  of 
railroads  in  all  parts  of  the  United  States. 

The  Waycott  beam  is  of  dilTcrent  construction,  as  shown,  being 


a  truss  beam  made  of  commercial  shapes  put  together  in  the  sim- 
plest po.ssible  form.  The  compression  member  is  a  2'/ix2i4r 
14-in.  angle,  and  the  tension  member  a  1%  x  1%  x  Vi-inch  tee. 
The  two  members  are  united  by  heads  and  fulcrum  pieces  of  malle- 
able iron,  the  frame  being  riveted  through  both  members.  The 
hanger  eyebolts  are  attached  to  clamps  which  embrace  both  parts 
of  the  beam.  The  distribution  of  the  metal  is  admira'bly  arranged 
so  as  to  give  the  required  strength  with  a  minimum  of  weight. 

A  test  of  this  beam  was  recently  made  by  the  engineering  labor- 
atory of  Purdue  University  with  very  satisfactory   results.     The 
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BRAKE  BEAM    ARRANGED   FOB  TEST, 


to.sts    were   made    upon   two   beams,    and    the    results   are   given    ir 

coudensed   form   as   follows : 

No.   1.  No.  2. 

Weie-ht  of  beams   in    pounds 62.5  62% 

Load  In  pounds  at  elastic  limit 20.000  20.001 

Deflection  in  inches  at  elastic  limit 15  .28    - 

Set  in  inches  at  elastic  limit 11  ,17 

LiOiUl    in   pounds  at   point   of   failure 24.000  23.00' 

In  this  test  the  brakebeam  was  supported  on  knife  e<lges  restin 
on   steel   plates,   which   in   turn   rested   on   15  .\  20-in.   wood   bear 
sitpiiorted    on    the   base   of   a    300.000-lb.    Riehle    testing    machine. 
The  knit'i'  edges  were  placed  OOVa   ins.  apart,  being  the  distance 

Load    //v    Pounds . 


in  the  wear  of  the  first  set  of  shoes  produces  a  net  gain,  because 
driver  brake  shoes  are  usually  scrapped  at  one-half  their  original 
weight,  or,  say,  between  15  and  30  lbs.,  according  to  their  size. 
An  average  of  30  lbs.  would  fairly  represent  usual  conditions. 
With  the  interlocking  shoe  this  would  be  entirely  worn  out,  and 
the  cost  of  the  new  head  will  be  balanced  by  the  additional  wear 
of  the  shoes,  while  costing  much  le.ss  per  pound  than  the  material 
put  into  the  shoes. 

The  interlocking  shoes  for  car  wheels  hiive  already  been  illus- 
trated in  this  journal,  and  it  is  fair  to  expect  equally  satisfactory 
-re.sults  in  the  driver  brake  shoes.  The  engraving  illustrates  the 
reinforcement  of  the  worn  shoes  by  the  old  shoes  and  the  head 
itself.  This  new  construction  of  brake  shoes  is  entitled  to  care- 
ful investigation.  The  address  of  the  Manufacturers'  Railway 
Supply  Company  is  Fisher  Building,  Chicago. 


The  More-.Tones  Brass  &  Metal  Co.,  of  St.  Louis,  distributed 
graceful  souvenirs  to  the  ladies  of  the  Master  Mechanics'  and  Mas- 
ter Car  Builder.s'  conventions,  in  the  form  of  beautiful  roses  tied 
with  white  satin  ribbons.  The  company  was  represented  by  Mr. 
D.  A.  Campbell. 


required  by  M.  C.  B.  standard  from  center, to  center  of  brakeshoes. 
Before  applying  any  loads  for  record,  a  load  of  7,000  lbs.  was  ap- 
plied and  then  removed,  this  being  done  in  order  to  take  up  any  fre« 
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movement  of  the  parts  that  might  exist  in  the  construction.  The 
load  under  the  test  was  applied  in  increments  of  1,000  lbs.  and 
the  corresponding  deflection  read  with  each  application.  The  run- 
nijig  log  of  the  test  on  beam  No.  1,  is  presented  below,  the  set 
and  deflection  curves  obtained  from  these  records  being  pre- 
sented in  the  above  diagram. 

BDNNING  LOG. 

Flexure  Test  of  Damascus  Truss  Brakebeam. 
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The  Consolidated  Railway  Electric  Lighting  &  Kquipment  Co., 
lOO  Broadway,  always  make  an  impressive  exhibit  at  the  mechani- 
cal association  conventions.  This  j'ear  they  had  the  private  Pull- 
man car  "BIysian"  at  Saratoga.  This  was  the  car  used  by  Presi- 
dent Roosevelt  in  his  recent  tran.scontinental  trip  and  is  altogether 
the  finest  car  turned  out  at  Pullman.  It  is  equipped  with  the  ap- 
paratus of  this  company  and  was  seen  in  operation  in  the  trips 
from  New  York  to  Saratoga  and  return  by  a  large  number  of 
guests  of  the  company  who  were  invited  to  enjoy  its  genial  hos- 
pitality and  inspect  the  operation  of  the  electric  lighting  apparatus. 
While  passengers  in  the  other  cars  of  the  train  were  sweltering 
during  a  very  hot  trip  the  party  in  this  car  was  made  perfectly 
comfortable  by  the  electric  fans  driven  from  the  lighting  circuits. 
This  company  now  has  900  equipments  in  service,  130  of  which 
are  on   one  railroad,   the  Santa   Fe. 


A  number  of  improvements  in  the  apparatus  manufactured  by 
the  American  Steam  Gauge  &  Valve  Mfg.  Company,  Jamaica 
Plain,  Boston,  Mass.,  were  exhibited  at  the  recent  conventions  at 
Saratoga.  The  exhibit  was  arranged  to  show  at  a  glance  the  wide 
range  of  apparatus  covered  and  among  the  specialties  which  stood 
out  prominently  were  the  following.  A  new  American  Thompson 
indicator  with  a  convenient  detent  attachment  which  will  be  ap- 
preciated by  all  who  use  these  instruments,  another  indicator  of  the 
same  style,  with  a  reducing  motion  attachment  which  takes  the 
place  of  large,  awkward  and  unsatisfactory  levers  and  pantagraphs, 
new  locomotive  pops,  in  which  all  adjustments  are  made  at  the 
top,  heavy  automatic  high  pressure  water  gauges,  duplex  air  brake 
gauges  with  a  solid  socket  for  the  springs,  locomotive  gauges  and 
automatic  recording  gauges.  The  exhibit  also  included  test  pumps, 
muflied  pops  and  many  other  specialties  made  by  this  concern,  and 
all  arranged  in  a  very  attractive  way. 


The  Safety  Car  Heating  &  Lighting  Company  had.  as  usual, 
a  most  attractive  exhibit  at  the  Master  Mechanics'  and  Master 
Car  Builders'  conventions.  It  was  in  the  ta^iteful  elegant  style 
which  always  characterizes  the  exhibits  of  this  company,  and  con- 
veyed an  impression  of  combined  beauty  and  utility.  In  addition 
to  the  exhibit  of  the  Pintsch  light  in  the  hotel  corridor  this  com- 
pany had  a  room  fitted  up  with  steam  heating  apparatus 
illustrating  their  latest  improvements-  in  facilities  for  heating  cars. 
They  showed  their  new  end  valves  as  applied  to  a  model  of  a  car 
platform,  also  the  new  hose  couplings  with  1%  inch  openings  and 
improved  gasket  fastenings.  Among  the  other  improvements  was 
a  new  jacket  heater  in  which  the  steam  enters  a  central  tube  and 
doubles  back  in  a  surrounding  tube,  both  steam  tubes  being  enclosed 
in  the  large  outer  jacket  tube.  The  results  of  a  test  showing  the 
advantages  of  the  1%  inch  openings  in  hose  couplings  were  ex- 
hibited in  blue  print  form.  This  company  is  busy  with  improve- 
ments in  car  heating  and  those  who  have  not  recently  made  a  study 
of  their  apparatus  will  find  the  subject  interesting. 


yi:.\KTER.S    FUU    THE    liEODEEICK    &    B.V.SCOM    EOrE    CO. — WIRE   ROPE    AXn    TACKLS    BLOCK    STORAGE. 


The  Broderick  &  Bascom  Rope  Co.,  of  St.  Louis,  have  recently 
moved  into  their  commodious  new  quarters  at  Nos.  805,  807  and 
809  North  Main  street.  'Ihe  illustration  presented  herewith  repre- 
sents the  second  story  floor  of  their  building  at  No.  809.  On  this 
floor,  as  shown  in  the  illustration,  is  carried  an  immense  stock  of 
tackle  blocks  and  wire  rope.  We  feel  certain  that  an  array  of 
blocks  and  reels  of  wire  rope  like  this,  on  a  single  floor,  will  pre- 
sent an  impression  of  the  magnitude  of  the  business  done  in  this 
line  by  this  well-known  firm.  There  is  probably  no  wire  rope  con- 
cern in  the  United  States  that  carries,  under  one  roof,  a  larger 
assortment  of  wire  rope,  blocks  and  tackle,  manila  rope  and  cord- 
age of  every  description. 

The  Broderick  &  Bascom  Co.  was  established  in  1875,  and  incor- 
porated in  1882.  They  are  successors  to  the  old  St.  Louis  Wire 
Rope  Works,  both  Mr.  John  J.  Broderick,  the  president,  and  Jos. 
D.  Bascom.  the  secretary  and  treasurer,  having  had  long  experience 
in  the  wire  rope  business.  When  first  starting  to  manufacture  wire 
rope  it  was  made  by  hand,  instead  of  by  machinery.  Their  former 
sujjerintendcnt,  Mr.  Wm.  Mentz,  has  been  a  manufacturer  of  wire 


rope  from  1840,  having  made  all  of  the  wire  ropes  that  were  used 
by  Jas.  B.  Eads  in  coiistructing  the  renowned  Eads  Bridge. 

The  wire  ropes  are  composed  of  a  hempen  cord,  around  which 
are  laid  six  wire  strands,  of  seven,  twelve  or  nineteen  wires,  thus 
forming  ropes  of  42,  72  or  114  wires.  The  ropes  of  seven  wires  to 
the  strand  are  most  commonly  used  for  standing  ropes,  guy,  ship 
rigging,  transmission  of  power,  mine  haulage  and  for  contractors' 
purposes.  These  ropes  are  as  flexible  as  hemp  ropes  of  equal 
strength,  and  though  weighiug  less,  are  far  more  efiicient  and 
durable.  A  strain  of  one-seventh  to  one-fifth  of  the  breaking  strain 
may  be  taken  as  a  safe  working  load.  In  the  special  power  wire 
rope,  made  by  this  company,  every  wire  is  thoroughly  tested  for 
tensile  strength,  torsion,  elongation  and  elastic  limit,  and  these 
tests  are  registered  for  reference.  The  company  is  prepared  to 
furnish  rope  from  stock  one-sixteenth  of  an  inch  up  to  two  inches 
in  diameter,  and  from  5,000  to  20,000  ft.  long. 

The  Broderick  &  Bascom  Rope  Co.  have  a  large  mailing  list,  for 
sending  out  monthly  quotations,  and  will  be  glad  to  add  the  names 
of  any  master  mechanic,  master  car  builder  or  purchasing  agent  to 
their  list  and  invite  correspondence. 
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CULM    BURNING    PASSENGER    LOCOMOTIVES. 


4 — 6 — 0  Tyi'b. — Delaware  &  Hudson  Company. 


This  ioromolivc  combines  six  coupled,  72-in.  driving  wheels, 
a  GG-in.  boiler  and  a  102-in.  firebox,  wbTch  is  an  unusual  com- 
bination even  on  roads  using  fine  anthracite.  The  engine  may 
be  compared  with  that  of  the  same  type  on  the  Lehigh  Valley, 
illustrated  in  October,  1900,  page  312.  The  Delaware  &  Hudson 
engine  is  lighter  in  total  weight  by  19,750  lbs.  and  has  but  45 
sq.  ft.  less  heating  .surface,  the  boiler  being  2  ins.  longer  than 
that  of  the  Lehigh  Valley  engine. 

The  Delaware  &  Hudson  engine  has  a  straight  boiler,  a 
water  grate,  a  single  wide  fire-door  and  cast  steel  frames  of  I 
section,  which  were  designed  by  Mr.  Slack  upon  the  basis  of  a 


SECTION   AXU   ELEVATIO.N   OF   FIREBOX. 


P  CULM-BITRNTNG     PASSEXGER    LOCOMOTIVE. DELAWABE     ,t     HXT)SON     COMPAHT. 

lu^  J.    R.    SLACK,    SI  rERINTENDE:NT    MOTIVE    POWER.        4 — 6 — 0    TYPE.        AMERICAN    LOCOMOTm;    COMPANY,    BCTLDEEa, 
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wide  experience  and  close  study  of  the  failures  of  cast  steel 
frames  as  ordinarily  made.  These  frames  have  curves  instead 
of  sharp  corners,  and  large  fillets  in  all  angles.  These  frames 
are  strongly  braced  across  the  engine  at  the  driving  boxes  and 
are  made  in  I  sections.  Another  feature  of  this  engine  is  the 
application  of  the  new  Wilson  high-pressure  balanced  valve. 
This  engine  has  9  x  13-in.  driving  journals. 

The  following  ratios  and  table  of  dimensions  will  be  found 
interesting: 

Ratios. 

Heating  surface  to  cylinder  volurae =  256.2 

Tractive   weight  to   heating   surface =    49.4 

Tractive  weight  to  tractive  effort =      4.85 

Tractive  effort  to  heating  surface =    10.17 

Tractive  eff.   X   diam.  of  drivers  to  heating  surface =  732.4 

Heating  surface  to  tractive   effort =      9.8  % 

Total   weight  to   heating   surface =    65.7 

CULM-BURNING   PASSSENGER  LOCOMOTIVE. 

4 6 0    TYPE.       DELAV7ARE    &    Hl.1)SON    COMPANY. 

General   Dimensions. 

Gauge   4  ft.  8%    ins. 

Fuel    Fine   anthracite   coal 

Weight   in   working   order 175,000  lbs. 

Weight    on    drivers 131.500  lbs. 

Weight  engine  and  tender  in  working  order 292,250  lbs. 

Wheel    base,    driving 16  ft. 

Wheel    base,    rigid 16  ft. 

Wheel    base,    total 26  ft.  4  ins. 

Wheel  base,  total,  engine  and  tender 53  ft.   TVi   ins. 

Cylinders. 

Diameter  of  cylinders 21   ins. 

Stroke    of    piston 26  ins. 

Horizontal    thickness    of   piston 5  Ins. 

Diameter    of    piston    rod 3%    ins. 

Kind  of  piston   packing Cast-iron    rings 

Kind  of  piston-rod  packing U.   S.  multiangular 

Size   of   steam    ports 18  in.  x  1%    ins. 

Size  of  exhaust  ports IS  x  3       ins. 

Size    of    bridges 1  %    ins. 

Valves. 

Kind  of  slide  valves Wilson's  American  high-pressure 

Greatest  travel  of  slide  valves S^i    ins. 

Outside  lap  of  slide  valves 1  in. 

Inside  lap  of  slide  valves 0  In. 

Lead  of  valves  in  full  gear 1-16  in. 

Kind  of  valve-stem  packing U.   S.  multiangular 


Wheels,  Etc. 

Number    of    driving    wheels 6 

Diameter  of  driving  wheels  outside  of  tire 72  ins. 

Material  of  driving  wheel,  centers Cast  steel 

Thickness    of    Tire SVi.     ins. 

Driving-box*  material Cast   steel 

Diameter  and  length  of  driving  journals 9  ins.  diameter  x  13  ins. 

Diameter  and  length  of  main  crauk-pin  journals, 

(Main  side  71/0  X414  ins.)   GVi  ins.  diameter  x  6%  ins. 
Diameter  and  length  of  side-rod  crank-pin  journals 

5  ins.  diameter  x  4%   ins. 

Engine   truck,    kind 4-wheel,    swing   bolster 

Engine  truck,  journals 6 '/a  ins.  diameter  x  12  ins. 

Diameter  of  engine-truck  wheels 33  ins. 

Boiler. 

Stylo    Culm    burner 

Outside  diameter  of  first  ring 66  %    ms. 

Working    pressure    200  lbs. 

Thickness  of  plates  in  barrel  and  outside  of  firebox  : 

1/2   in.,  %  in.,  21-32  in.  and  %  in. 

Horizontal    seams Butt   joint   sextuple   riveted 

Circumferential  seams Double  riveted 

Firebox,    length    119^4    ins. 

Firebox,   width    102  ins. 

Firebox,  depth   Front,  64  ins. ;    back,  42  ins. 

Firebox  plates,  thickness  : 

Sides,  %  in. ;    back,  %  in. ;    crown.  %  in. ;    tube  sheet.  %  in. 

Firebox,  water  space Front.  3%  ins.;  sides,  3  Ins.;  back,  3%   ins. 

Firebox,    crown   staying Itadial 

Firebox,  staybolts Ulster  special,  1  in.  diameter 

Tubes,   number    308 

Tubes,   diameter    2  ins. 

Tubes,   length  over  tube  sheets 15  ft. 

Heating  surface,  tubes 2,405.5  sq.   ft. 

Heating  surface,   water  tubes 78.54  sq.   ft. 

Heating  surface,   firebox 179.68  sq.  ft. 

Heating    surface,    total 2,663.72  sq.   ft. 

Grate    surface    84.85  sq.  ft. 

Grate   style    Water    grate 

Exhaust  pipes    Double 

Exhaust  nozzles 3%  ins.,  3%  ins.,  3%  ins.,  diameter 

Smokestack,    inside   diameter 16  ins. 

Smokestack,   top   above   rail 15  ft.  1%   ins. 

Tender 

Style    8-wheel,   water  bottom 

Weight,  empty    47,100  lbs. 

Wheels,  number   8 

Wheels,  diameter    33  ins. 

Journals,  diameter  and  length 5  ins.  diameter  x  9  ins. 

Wheel   base    18  ft.  5  ins. 

Tender  frame    10-in.    steel  channels 

Water  capacity   6.500  U.   S.  gals. 

Coal   capacity    8   tons 


A    NEW    EXTRA-HEAVY    HIGH-SPEED    LATHE, 


The  American  Tool  Works  Company. 


The  use  of  the  new  high-duty  tool  steels  for  rapid  machin- 
ing processes  has  been  very  effective  in  exposing  the  limita- 


ing  advantageous  improvements  in  design.  The  improvements 
in  the  heavy  and  rapid  machining  processes  thus  made  possi- 
ble have  been  readily  appreciated  by  the  American  Tool  Works 
Company,  Cincinnati,  Ohio,  who  have  been  foremost  in  adapt- 
ing their  designs  to  conform  to  the  new  practice. 

In   the   above   engraving   is   illustrated   an   interesting  new 


tions  of  the  very  best  modern  machine  tools  and  in  suggest-      type  of  lathe  which  has  recently  been  placed  upon  the  market 


NEW    HIGH-SPEED    LATHE. — AMERICAN    TOOL    WORKS    COMPANY. 
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by  the  American  Tool  Works  Company,  which  they  have 
termed  the  "American"  high-speed  lathe.  The  principal  fea- 
ture of  this  lathe  is  that  it  has  been  designed  particularly  for 
high-speed  cutting  on  work  from  1  to  4  ins.  in  diameter.  It 
has  been  designed  throughout  to  meet  the  special  require- 
ments of  modern  high-speed  tool  steels;  it  has  been  the  aim 
to  place  the  limit  of  work  at  tho  cutting  tool  rather  than  at 
the  belt,  and  with  this  point  in  view  the  apron,  carriage  and 
bed  and  other  details  have  been  given  exceptional  strength 
and  the  headstock  has  been  endowed  with  enormous  belt 
power — such  that  the  contact  of  the  belt  when  on  the  smallest 
step  of  the  cone  is  greater  than  that  on  the  ordinary  36-in. 
lathe. 

The  belt  cone  is  so  designed  that  a  4-in.  double  belt  can  be 
shifted  to  any  of  the  three  steps  with  the  greatest  facility. 
There  are  twelve  changes  of  speed  in  the  drive,  so  graded 
that  a  cutting  speed  of  IGO  ft.  per  minute  can  be  maintained 
on  work  ranging  from  1  in.  to  4  ins.  diameter.  The  bearings, 
owing  to  the  very  high  spindle  speeds,  are  of  unusual  size, 
made  of  phosphor  bronze,  and  are  self-oiling. 

This  lathe  is  equipped  with  their  new  rapid  change-gear 
feeding  mechanism,  which  was  described  on  pafl«  it  of  our 


cutting  speed  was  attained  throughout,  In  some  instances 
being  truly  remarkable,  considering  the  fact  that  it  was  on 
a  roughing  cut.  The  lathe  withstood  this  exceptionally  heavy 
duty  without  a  sign  of  distress.  This  goes  to  prove  the  trend 
of  modern  possibilities  In  rapid  work  production. 


A    30-TON   FLAT  CAR   6J    FRET    LONG. 


This  long  flat  car  was  built  by  the  MIddletown  Car  Works, 
Middletown,  Pa.,  for  a  circus  troupe.  It  is  CI  ft  8  ins.  long 
over  end  sills,  and  8  ft.  8  ins.  wide  over  side  sills.  The  floor 
system  is  built  upon  eight  horizontal  sills  in  pairs,  of  which 
all  but  the  side  sills  are  5  by  8  ins.,  and  the  side  sills  are 
5  by  12  ins.  Six  IVi-in.  truss-rods  extend  from  end  sill  to 
end  sill,  and  in  arldition  to  the  usual  needle  beams  there  are 
two  additional  cro.<!s  tie  timbers,  against  which  the  truss-rods 
are  seated.  The  body  bolsters  are  very  shallow,  and  are  made 
of  four  Bi^-in.  I-beams,  with  wooden  filling  blocks,  forming  a 
bolster  18  ins.  wide.  These  bolsters  are  let  Into  the  longi- 
tudinal sills  a  distance  of  %  in.  The  truck  bolsters  are  of 
two  9-in.  I-beams,  with  wood  fillers.  With  the  low  sills  and 
shallow  holsters  the  height  of  the  under  faces  of  the  side  sills 


7^-^^k 


THIBTY-TON  FLAT  CAR,    Bl-FT.   LONG, 


April,  1903,  issue.  This  gear  mechanism  is  a  positive  drivfl 
in  either  direction  and  is  capable  of  feeding  up  to  the  limit 
of  the  belt  power.  Through  the  four-speed  box  at  the  end 
of  the  bed  operating  in  conjunction  with  the  cone  of  eleven 
gears  mounted  on  the  inside  of  the  bed,  a  range  of  44  changes 
for  feeding  and  screw  cutting  is  easily  available,  while  the 
machine  is  in  operation  and  without  the  removal  of  a  sin- 
gle gear. 

The  bed  is  of  a  patent  drop  V  pattern,  which  gives  2  ins. 
additional  swing  without  raising  the  head  and  allows  placing 
a  great  deal  of  extra  metal  in  the  bridge  of  the  carriage. 
The  lead  screw  is  placed  on  the  inside  of  the  bed,  bringing 
the  pull  directly  under  the  cutting  tool,  thus  centralizing  the 
strain  and  obviating  all  that  tendency  to  twist,  so  common 
in  lathes  with  the  screw  on  the  outside. 

An  elaborate  series  of  tests  was  recently  performed  on  this 
machine,  which  we  are  enabled  to  present.  The  cuts  were 
taken  with  a  well-known  brand  of  high-speed  tool  steel,  on 
bars  of  commercial  machinery  steel;  in  each  experiment  the 
tool  was  tested  to  the  breaking-down  point.  The  actual  re- 
sults derived  are  presented  below,  showing  the  cutting  speed 
in  feet  per  minute  at  the  moment  of  the  breaking  down  of 
the  tool: 

RESULTS   OF   THE   TESTS. 
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above  the  rail  is  but  27^4  ins.  The  brake-shaft  arrangement 
at  the  end  sills  is  designed  to  permit  the  shaft  to  drop  down 
out  of  the  way  when  not  in  use.  The  shaft  is  of  1%-ln.  square 
iron,  resting  in  a  cast  sleeve,  with  the  ratchet  wheel  attached. 
It  is  secured  to  the  end  sill.  We  are  indebted  to  Mr.  George  I. 
King,  vice-president  and  general  manager  of  the  Middletown 
Car  Works,  for  the  drawing. 


"A  Few  Points  on  Grinding"  Is  the  title  of  an  excellent 
pamphlet  treating  of  the  subject  of  machine  grinding  that  has 
recently  been  published  by  the  Norton  Emery  Wheel  Company, 
Worcester,  Mass.  It  contains  a  reprint  of  an  excellent  article 
which  appeared  in  a  recent  number  of  the  American  Machinist, 
by  Mr.  Charles  H.  Norton,  of  the  Norton  Grinding  Company,  an 
acknowledged  authority  upon  the  subject  of  machine  grinding. 
In  this  article  Mr.  Norton  makes  many  very  interesting  and 
quite  radical  statements.  He  lays  particular  stress  upon  the 
importance  of  selecting  the  proper  grade  of  emery  wheel  for 
every  class  of  work.  He  states:  "The  manager  or  foreman 
who  casts  aside  this  matter  of  wheel  selection  for  various 
work  will  be  left  behind  in  the  race,  and  the  cool-headed 
thinker  who  gives  the  matter  patient  and  unprejudiced  inves- 
tigation will  be  rewarded  by  large  returns."  He  enforces  the 
fact  that  machine  grinding  is  useful  for  more  than  mere  pol- 
ishing by  the  statement  that  "late  experience  shows  it  to  be 
practicable  to  remove  1  cubic  inch  of  steel  per  minute  from 
cylindrical  work  by  grinding  with  suitable  wheels."  This 
pamphlet  should  be  in  the  hands  of  all  who  are  interested  in 
modern  machine  shop  practice,  as  "there  are  signs  that  very 
much  work  now  done  by  cutting  will  be  done  by  grinding,  and 
those  soonest  informed  upon  the  subject  will  profit  most  by  It." 


seen  from  the  above  that  a  very  high  rate  of 


A  run  of  299  miles  from  London  to  Carlisle  without  an  in- 
termediate stop  has  been  made  on  the  London  &  Northwestern 
Railway,  the  time  being  6  hours,  BS  minutes. 
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MACHINE    TOOL    PROGRESS, 


Feeds  and  Dkives. 


VIII. 


BY    C.    W.    OBEHT. 


In  drilling  machines  the  capacity  of  the  tool  is  largely 
dependent  upon  the  rapidity  and  accuracy  with  which  the 
driving  speed  may  be  changed  for  adjusting  drill  spindle 
speeds  to  the  maximum  rates  for  the  various  sizes  of  drills 
used.  The  importance  of  providing  a  wide  range  of  speeds 
upon  the  di'ive,  which  are  very  easily  accessible  to  the  opera- 
tor for  this  purpose,  cannot  be  overestimated.  The  Wm.  E. 
Gang  Company.  Cincinnati,  Ohio,  have  appreciated  this  need 
and  have  recently  perfected  a  new  design  of  radial  drill  which 
embodies  the  desirable  feature  of  a  variable-speed  drive,  the 
mechanism   for  which   is   described   in  this   article. 

The  principal  idea  embodied  in  the  design  of  this  device  is 
that  of  affording  a  means  of  getting  a  greater  number  of  driv- 
ing speeds  than  is  usually  obtainable  from  cone-pulleys,  and 
of  facilitating  the  changing  of  speeds.     There  is  one  feature 
which  is  particularly  worthy  of  note:    that  is, 
the  ability  to  reach  and  control  the  speeds  di-       j 
rectly  from  one  point  without  having  to  operate 
a  number  of  levers  at  dififerent  parts  of  the  ma- 
chine in  connection  with  an  index  plate.     The 
loss  of  time  incident  to  an  arrangement  where 
the  operator  is  required  to  read  a  set  of  direc- 
tions and  then  manipulate  a  number  of  levers 
and  gears  on  different  parts  of  the  machine  in 
accordance  with  those  directions  is  liable  to  be 
considerable. 

The  variable-speed  mechanism  is  illustrated 
in  the  engravings.  Figs.  39  to  42,  and  in  section 
in  Fig.  43.  The  general  principle  mechanically 
of  the  device  is  that  of  making  use  of  several 
trains  of  gears  which  are  capable  of  several  dif- 
ferent gear  combinations,  but  the  system  of 
clutching  and  operating  levers  is  decidedly 
novel.  As  will  be  noticed  in  the  engravings, 
there  are  three  sets  of  gears  of  three  gears 
each,  a  total  of  nine  gears,  giving  nine  speeds, 
and  this  number  is  doubled  by  the  back  gears 
on  the  spindle  6f  the  drill.     The  gears,  ABC, 


F70  39. — XEW  R.\I)IAL  DRILL  WITH   \  ARL\BLE  SI'EED  DRIVE. — WM.  E.  GANG    COMPANY. 


FIG.  40. — RE.\R  \^l.:w  of  the  .speed  box,  showing  casing  for 

INTERMEDIATE   GEARS. 


FIG.    41. — FRONT    VIEW    OF    SPEED    BOX,    SHOWING    OPERATING    LEVERS 
AND   SPEED   INDEX. 


are  mounted  loosely  on  shaft  S,  and  gears,  D  E  and  F,  are      journals  at  the  ends  and  are  free  to  slide  through  the  gears 
mounted  loosely  on  shaft  S'.     Shafts,  S  and  S',  are  carried  in      and  journals.    The  intermediate  gears,  X  Y  and  Z,  are  fast  on 


Air.asT,  jfl.i.r   AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.      289 


a  shaft  and  mesh  respectively  with  A  D,  B  E  and  C  F.     This 
gives  three  trains,  thus,  AXD,  RYE,  and  CZP. 

The  shafts,  S  and  S',  carry  friction  rinKS,  O  and  O',  which 
are  operated  by  means  of  the  sliding  wedges,  W,  and  loose  col- 
lars, G  and  G';  ring,  O,  engages  in  the  bores  of  gears,  A  D  and 
C,  and  0'  in  the  bores  of  gears,  D  E  and  F.  The  driving  pulley, 
P,  has  a  long  hub  which  is  journaled  in  the  frame,  H,  and 
bracket,  I,  and  is  feathered  on  shaft,  S.  The  dogs,  Q  and  Q', 
act  as  fulerums  for  the  levers,  L  and  L',  being  loosely  mounted 
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of  shaft,  K,  and  segments,  T  and  U,  connected  to  handle,  N. 
When  handle,  N,  Is  in  position  for  the  speed  required,  the  lever, 
M,  Is  drawn  to  the  position,  2,  as  indicated  by  the  full  lines, 
in  Fig.  43.  This  movement  locates  the  friction  clutches  in  the 
proper  gears  to  give  the  required  speed,  and  the  friction 
clutches  are  then  set  by  means  of  levers,  L.  and  I^'.  The  speeds 
available  for  the  different  adjustments  of  drum,  R,  are  indi- 
cated by  numbers  on  the  case  near  handle,  N,  as  shown  in  Figs. 
40  and  41. 

The  friction  rings  are  operated  by  taper  keys,  as  shown  at 
W,  in  the  clutch  detail  in  Fig.  43.  The  action  ol  the  lever,  L 
or  L',  is  to  force  the  keys  forward  and  spread  the  ring,  0  or  0', 
until  it  engages  with  the  gear  surrounding  it.  The  method  of 
retaining  the  friction  rings  in  their  places  upon  shafts,  S  and 
S',  by  means  of  a  taper  pin,  as  shown  in  the  detail  view,  is 
decidedly  interesting. 

The  design  of  this  device  displays  remarkable  ingenuity.  It 
is  very  easily  operated  and  embraces  a  wide  speed  range,  giv- 
ing as  it  does  a  range  of  25  to  400  revolutions  per  minute  at  the 
spindle.  We  are  pleased  to  state  that  this  mechanism  has 
been  in  service  for  a  very  considerable  time  with  very  satis- 
factory results  and  has  proven  very  effective. 


42. — I.NTEIUDR    VIEW     OF    SPEED    BOX, 
TROLLINU    DRUM. 


SHOWINU     SLOTTED    CON- 


Most  satisfactory  performance  of  Babcock  &  Wilcox  boilers 
on  the  "M,arietta"  is  recorded  by  Ensign  Henry  C.  Dinger,  U. 
S.  N.,  in  the  Journal  of  the  American  Society  of  Saval  Engi- 
neers. The  performance  of  this  vessel  in  the  famous  run  from 
the  Pacific  Coast  to  Cuba  in  the  recent  war  was  sufficient  to 
establish  a  record  for  these  boilers,  but  since  that  time  the 
ship  has  been  in  continuous  service  in  the  waters  of  China  and 
the  Philippines.  ■Probably  no  vessel  in  the  navy  during  the 
past  five  years  has  steamed  as  many  miles,  for  the  'Marietta' 
has  logged  over  80,000  knots  during  that  period."  The  repairs 
have  been  surprisingly  light  and  they  have  nearly  all  been  done 
by  the  ship's  boilermaker  and  his  helpers.     This  country  has 
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I'lG    43. — SECTI0N.\L    VIEW    OF    SPEED    BOX.    SIIOWINC.    ARRANGEMENT    OF  GEAR  TRAINS  AND  DETAILS  OF  FRICTION  CXUTCIIES. 


between  collars  on  shafts  S  and  S',  and  have  projections  which 
engage  in  the  grooves  in  drum,  R;    see  Figs.  42  and  43. 

The  drum,  R,  which  is  feathered  on  shaft,  K,  has  one  an- 
nular groove  turned  near  the  end  connecting  with  six  long  and 
six  short  longitudinal  grooves.  The  splined  shaft,  K,  jour- 
naled at  J,  carries  a  gear  segment,  T,  fast  on  one  end,  by 
which  drum,  R,  on  the  other  end,  is  rotated.  Gear  segment, 
T,  meshes  with  another  gear  segment,  U,  which  is  mounted 
loosely  on  the  journal  of  frame,  H'.  This  arrangement  is  such 
that  the  projections  on  the  dogs,  Q  and  Q',  engage  in  slots  on 
opposite  sides  of  drum,  R,  and  the  action  in  indexing  to  obtain 
a  given  speed  is  as  follows: 

Lever,  M,  is  drawn  to  position,  1,  as  indicated  by  the  dotted 
lines  in  Fig.  43,  thereby  sliding  the  drum,  R,  which  by  means 
of  the  grooves  engaging  the  dogs,  Q  and  Q',  draws  shafts.  S 
and  S',  with  it.  The  friction  clutches  are  now  in  gears,  C  and 
F,  and  the  projections  on  dogs,  Q  and  Q',  being  in  the  annular 
groove  in  drum,  R,  permits  the  drum  to  be  revolved  by  means 


not  only  escaped  the  uncomfortable  and  expensive  experience 
of  some  other  nations  in  the  boiler  question,  but  we  seem  to 
be  ready  to  begin  a  development  which  promises  sutcessful 
and  entirely  satisfactory  results  and  with  no  expensive  failures 
to  live  down.  This  record  of  the  "Marietta"  is  remarkable, 
and  it  should  be  borne  in  mind  in  connection  with  the  question 
of  water  tube  boilers  in  other- classes  of  exacting  service. 


The  real  desideratum  which  is  achieved  by  the  application 
of  electric-motor  driving  is  the  increased  output  from  the  ma- 
chinery— this  far  outweighs  in  importance  the  several  other 
advantages  incidental  to  electric  driving,  such  as  the  saving  of 
head-room,  the  absence  of  long  lines  of  shafting,  the  avoidance 
of  power  wastes,  etc.  In  reality  economy  of  power  is  of  little 
importance,  inasmuch  as  its  value,  whether  furnished  by  shaft- 
ing or  by  a  motor,  is  nearly  negligible  when  compared  with  the 
importance  of  increased  product. 
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INSTRUCTION  CAR. 

AtchlBon,  Topeka,  &  Santa  Fe  Railway. 

The  Santa  Fe  lias  recently  equipped  a  new  instruction  car, 
the  arrangement  of  which  is  shown  in  the  accompanying  plan! 
A  postal  car  50  feet  long  was  rebuilt  for  this  purpose  and  it 


Quantzintecomatzin  is  the  name  of  a  car  operated  by  the 
American  Tourist  Association.  This  car  is  said  to  have  the 
usual  number  of  truss  rods,  but  there  must  be  some  concealed 
steel  work  in  the  frame  in  order  to  carry  such  an  extraor- 
dinary load.  "What's  in  a  name?"  There  appears  to  be 
everything  in   this  one. 


_  J   Hiu  Uoad  L.,... 

(Over  Ucai) 

tiToJ'lM  ."r'"^',!'"'^'"""*  "'  apparatus,  a  large  proper- 
tion  of  which  is  working  mechanism,  and  this  is  accompanied 
by  other  apparatus  sectioned  in 
order    to    facilitate    instruction. 
Notations   on   the   plan   indicate 
the   location   and    description   of 
the  apparatus,  making  a  list  of 
the  features  of  the  equipment  un- 
necessary.    It  includes  the  high- 
speed   brake,    electric    headlight 
and    turbine,   injectors,   and    the 
ordinary   brakes.     As   this   road 
has  a  large  amount  of  electric- 
lighting  apparatus  for  passenger 
cars  with  generators  driven  from 
the  axle,  a  generator  is  placed  in 
the  car  for  instruction  purposes. 
About  100  cars  are  now  running 
on   this   road   with   "axle   light." 
Instead  of  being  hung  from  the 
truck  in  the  usual  way,  this  gen- 
erator is  mounted  on  the  floor  of 
the  car  so  that  it  may  be  studied 
and  described.     It  also  serves  to 
light  the  car,  and  represents  the 
equipment   as    it   is    actually    in 
use.       Instead    of    providing    a 
compressor,  this  car  is  supplied 
with  compressed  air  from  a  loco- 
motive or  from  the  yard  piping 
systems  at  terminals  where  it  is 
stationed.     We   are   indebted   to 

Mr.  G.  R.  Henderson,  formerly  superintendent  of  motive  power 
for  this  Information. 


HUh  Speo.l  Brake  Ros. 
(.Over  lUni) 


AIB    BRAKE    IN.STRUCTION    CAB. 
ATCHISON,   TOPEKA    &    SANTA  FE  BAILWAY. 


MOTOR-DRIVEN    MACHINE    TOOLS. 

The    Latest    Practice    in    Applying    Individual    Dkives    to 
Shapebs. 


In  the  July  issue  there  were  illustrated,  in  an  article  appear- 
ing under  the  above  heading,  a  number  of  interesting  applica- 
tions of  motor  driving  to  shapers.  We  have  often  heard  the 
opinion  offered  that  it  is  entirely  unnecessary  to  attempt  the 
application  of  motor-driving  to  tools  as  small  as  shapers,  but 
the  importance  that  is  coming  to  be  attached  to  this  use  of 
motor-driving  can  best  be  judged  from  the  number  of  motor- 
driven  shapers  that  are  being  developed  by  the  most  promi- 
nent machine-tool  builders.  In  this  article  are  supplemented 
further  interesting  examples  of  motor-drive  applications  to 
shapers,  for  both  constant-speed  and  variable-speed  driving. 

The  upper  engraving  on  page  291  represents  two  views  of  a 
very  interesting  type  of  motor-drive  that  the  Hendey  Machine 
Company,    Torrington,    Conn.,    are    applying   to    their    pillar 


shapers.  The  shaper  here  illustrated  is  the  24-in.  Hendey  rack 
shaper  with  friction-clutch  drive.  The  support  for  the  motor 
is  very  conveniently  provided  for  by  a  small  cast  iron  bracket 
which  is  bolted  to  the  rear  of  the  machine's  frame,  thus  in  no 
way  necessitating  any  alteration  in  the  construction  of  the 
tool.  This  bracket  is  provided  with  V-ways  and  an  adjusting 
screw  to  permit  of  moving  the  motor  footplate  for  tightening 
the  belts.  A  valuable  feature  of  this  method  of  mounting  the 
motor  is  that  of  the  small  amount  of  additional  working  space 
required  by  the  tool  when  thus  equipped. 

The  motor  used  in  this  drive  is  a  2-h.p.  direct-current  multi- 
polar motor,  of  the  back-geared  type,  built  by  the  Northern 
Electrical  Manufacturing  Company,  Madison,  Wis.  The  back- 
geared  motor  is  particularly  advantageous  for  driving  a  rack 
shaper,  as  while  the  low  speed  of  the  back-gear  shaft  is  adapted 
for  the  forward,  or  cutting  stroke  of  the  ram,  the  high  speed 
of  the  armature  shaft  is  directly  applicable  to  the  quick-return 
motion  of  the  ram,  and  the  directions  of  rotation  harmonize. 
This  is  carried  out  in  the  drive  by  belting  from  the  armature 
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shaft  direct  to  the  quick-i(;tiirn  pulley  and  from  the  back  shaft 
direct  to  the  forward  motion  pulley,  the  necessity  of  crossing 
belts  being  thus  dispensed  with  entirely.  The  back-shaft  speed 
is  properly  reduced  to  admit  of  the  use  of  the  same  sized  driv- 
ing pulley  as  regularly  used,  thus  affording  full  power  to  the 
cutting  stroke.  Two  different  cutting  speeds  are  also  available 
at  the  ram  by  means  of  the  two-stepped  cone  pulleys  on  the 
forward-motion  drive. 

The  motor  operates  at  a  constant  speed,  at  its  maximum 
efficiency;  it  is  controlled  by  a  main  switch  and  a  starting  box 
at  the  right  side  of  the  frame,  conveniently  accessible  to  the 
operator.  The  starting  box  is  covered  by  a  small  hooded  shelf 
for  protection  from  metal  chips,  dirt,  etc.,  from  falling  upon 
it,  as  shown.  The  sizes  of  motors  recommended  by  the  Hen- 
dey  Company  for  their  various  sizes  of  shapers  are  as  follows: 


Size   of    Shaper 15  in. 

Horse  Power  of  Motor One 


20  in. 
Two 


24  in. 
Two 


28  in. 
Three 


The    engraving    on    page    292    Illustrates    a    very    interest- 
ing  motor-drive  application   upon   a  shaper  which   is   similar 


The  motor  used  for  this  drive  is  also  a  constant-speed  direct- 
current  motor,  being  in  this  case  furnished  by  the  (ieneral 
Electric  Company.  It  is  controlled  by  a  starting  box  and  main 
switch,  both  of  which  are  located  on  the  right  side  of  the 
frame  for  convenient  access  to  the  operator.  The  drive  is 
further  made  flexible  by  the  use  of  a  friction-clutch  on  the 
countershaft  for  starting  and  stopping  the  machine  independ- 
ent of  the  motor.  The  reciprocating  motion  is  obtained  for 
the  ram  by  open  and  cross  belts  and  special  automatic-reliev- 
ing clutches,  the  driving  pulleys  being  proportioned  for  a 
quick-return  stroke  of  3  to  1. 

The  principle  for  which  this  shaper  is  particularly  noted  Is 
that  of  the  "drawing"  cut,  whereby  the  thrust  of  the  cut  is 
placed  directly  against  the  column  of  the  machine,  thereby 
having  a  tendency  of  drawing  the  bearings  closer  together  and 
making  the  machine  more  accurate.  The  construction  of  the 
machine  is  such  that  it  will  work  close  to  a  line  and  will  re- 
verse at  the  extremity  of  its  stroke  without  shock  or  jar.  It 
is  of  the  geared  type  and  gives  an  even  motion  through  the 


LEFT   .VND    RICIIT-IIAND   VIEWS    OF    MOTOR-DRIVEN 


{    24-lN.  HENDEY-NOBTON    BACK    SHAPER.— HENDEY    MACHINE    COMPANY. 


V\KI\r.LE-SPEED    GEARED    URmS,    16-I>'.    SMITH    &    MILLS    CRANK 

SIIAPEB    AT    THE    WORKS    OF    THE    BUIXOCK    ELECTRIC     & 

MANUFAOTUBING    COMPANY. 

to  the  above  in  principle.  The  machine  shown  is  the  30-in. 
geared  draw-cut  shaper,  built  by  the  Morton  Manufacturing 
Company.  Muskegon  Heights,  Mich.  The  motor  in  this  case 
also  is  supported  by  a  bracket  at  the  rear  of  the  frame,  al- 
though no  motor  adjustment  for  belt  tightening  is  here  neces- 
sary The  drive  is  made  through  a  countershaft  which  is 
permanently  mounted  above  the  pillar  upon  a  neat  bracket  or 
^tand. 


VARIABLE-SPEED    GEAEED    DRIVE   UPON    THE    "QUICK-STBOKE"   SHAPES 
.       BULLT  BY  GOULD    &   EBEBHABDT. 

entire  cutting  stroke.  The  gearing  throughout  is  cut  from 
the  solid  and  the  stroke  is  adjusted  by  tappets  on  a  circular 
disc.  On  ordinary  cast  iron  work  a  cut  1  in.  deep  with  1-13-m. 
feed  is  carried  by  this  machine  -with  ease. 

The  Morton  Manufacturing  Company  have  made  several 
experiments  in  applying  motor  drives  to  their  diff^^^'^t  tools 
and  have  always  found  it  advisable  to  employ  a  belt  drive 
from  the  motor  lor  their  particular  Une  of  tools.    They  use 
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friction  clutches  for  obtaining  the  reciprocating  motion  for 
shapers  and  find  that  they  thus  obtain  better  results,  as  there 
fs  a  slight  chance  for  slippage  of  the  belts. 

The  lower  right-hand  engraving  on  page  291  is  an  illustration 
of  the  latest  type  of  variable-speed  drive  which  has  been  devel- 
oped by  Gould  &  Eberhardt.  Newark.  N.  J.,  for  their  new 
•■quick-stroke"  shaper.  The  motor  is  in  this  case  very  con- 
veniently mounted  upon  the  rear  of  the  pillar  and  drives  the 
crank-gear  shaft  through  a  rawhide  pinion  on  the  armature 
shaft,  and  a  friction  clutch,  which  is  operated  by  the  large 
handle  at  the  front  of  the  machine.  The  space  occupied  by  the 
drive  is  very  small  and  it  is  to  be  noted  that  no  special  bracket 
is  required  to  support  it. 

The  motor  is  a  Storey  variable-speed  motor,  using  field  con- 
trol for  the  range  of  speeds.  It  is  controlled  by  a  main  knife 
switch  and  a  starting  box  at  the  right  of  the  ram,  and  also 
there  is  added  a  rheostat  for  the  field  control  of  speeds.  This 
speed  range  is  doubled  by  a  back-gear  attachment  on  the  driv- 
ing shaft  which  is  easily  operated  by  a  slip  gear  controlled  by 
a  handle  above  the  motor.  The  motor  and  the  entire  range  of 
speeds  are  thus  easily  handled  from  the  front  of  the  machine, 
the  entire  range  of  speeds  available  at  the  ram  of  from  5 
strokes  per  minute  when  back  geared  to  100  strokes  per  minute 
single  geared  being  very  easily  obtainable,  thus  making  it 
possible  to  vary  the  tool  speed  to  best  suit  the  working  con- 
ditions for  performing  short  operations. 

To  make  the  back-gear  change,  the  pinion-shaft  is  un- 
clutched  by  a  slight  movement  of  the  clutch- 
lever  at  the  front  of  the  machine,  which  lever 
operates  also  a  brake,  enabling  the  machine  to 
be  stopped  immediately;  after  throwing  over  the 
slip-gear  for  the  back-gear  the  clutch  is  thrown 
in  again.  The  large  hand-wheel  on  the  outer 
end  of  the  pinion-shaft,  in  front  of  the  clutch, 
gives  a  convenient  hand  movement  of  the  ram 
for  use  in  setting  the  tool.  An  important 
feature  of  the  drive  of  this  tool  is  that  all 
shafts  run  in  cylindrical  bushes  held  in  bored 
seats  in  the  frame,  so  that  they  may  be  cheaply 
and  easily  renewed  without  change  of  the 
original  alignment. 

The  remaining  engraving  on  page  291  illus- 
trates a  variable-speed  drive  that  has  been  ap- 
plied to  a  16-in.  Smith  &  Mills  crank-shaper  at 
the  works  of  the  Bullock  Electric  and  Manufac- 
turing Company.  Cincinnati,  Ohio.  The  method  ; 
of  mounting  the  motor  here  used  is  that  of  sup- 
porting it  upon  a  small  cast-iron  platform  at  the  v 
left  of  the  tool  so  as  to  permit  the  motor  to  gear 
direct  with  pinion-shaft  gear.  This  makes  a  very 
simple  and  direct  drive,  and  requires  but  little 
space. 

The  motor  is  one  of  the  standard  type  N 
Bullock  motors,  operating  on  the  multiple- 
voltage  system.  It  has  a  maximum  speed 
of  950  revolutions  per  minute  with  a  voltage  of  250  volts, 
and  has  a  capacity  of  2i/i-h.p.  The  variable  speeds  are  obtained 
through  the  agency  of  a  multiple-voltage  controller  which  is 
mounted  at  the  right  of  the  ram.  as  shown.  In  this  way  a 
wide  range  of  speeds  is  available  without  back  gear  or  gear 
changes,  and  it  is  easily  changed  from  the  front  of  the  ma- 
chine. 

In  the  background  in  the  latter  engraving  is  shown  an  in- 
teresting variable-speed  motor-drive  upon  a  milling  machine 
built  by  the  Cincinnati  Milling  Machine  Company.  The  motor, 
a  type  N  multiple-voltage  Bullock  motor,  is  mounted  upon  a 
bracket  at  the  rear  of  the  headstock  and  is  geared  direct  to 
the  spindle. 


handling  2,500  cars  per  day.  The  plant  is  at  Ashtabula,  Ohio. 
This  arrangement  consists  of  three  long  tracks  holding  30, 
33  and  46  cars,  two  short  tracks  used  for  heavy  repairs  holding 
12  cars  each  and  one  short  track  holding  14  cars  for  loading 
and  unloading  material.  The  short  tracks  are  located  between 
the  long  tracks  and  each  end  of  the  building.  There  is  also 
centrally  located  between  the  long  tracks  a  building  216  ft. 
long  and  26  ft.  wide,  a  shed  100  ft.  long  and  16  ft.  wide,  which 
is  used  for  storing  manufaitured  material  such  as  couplers, 
bolsters,  end  sills  and  draft  limbers,  a  scrap  bin  50  ft.  long  and 
14  ft.  wide,  also  a  platform  tor  storing  wheels;  two  buildings 
60  ft.   long,  9  ft.   wide  and   7   ft.   high,   located   south   of  the 


IDEAL    SMALL    CAR    REPAIR    SHOP. 


Mr.  G.  N.  Dow,  master  car  builder  of  the  Lake  Shore  & 
Michigan  Southern  Railway  at  Cleveland,  presented  before  the 
Master  Car  Builders'  Association  a  description  of  what  he 
considered  an  ideal  arrangement  for  a  repair  shop  for  a  yard 
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tracks  and  in  the  center  of  the  plant.  One  is  used  as  a  mess- 
room,  being  equipped  with  lockers  for  men's  clothes,  two  long 
sinks  and  benches;  the  other  building  is  used  for  storing  the 
men's  tools  and  is  equipped  with  shelves  or  racks.  Parallel 
with  each  long  track  and  between  the  short  ones  there  is  an 
IS-in.  gauge  track  equipped  with  low  four-wheel  cars  used  for 
distributing  material,  tools  and  wheels.  The  general  fore- 
man's office  is  located  in  the  southeast  corner  of  the  building. 
This  entire  plant  is  equipped  with  air,  using  IVi-in.  pipe  hav- 
ing connections  every  100  ft.  apart  for  testing  cars.  The  entire 
yard,  including  the  space  between  the  tracks,  is  planked  with 
2i(.-in.  oak  plank,  which  is  easy  to  keep  clean,  and  gives  the 
entire  plant  a  neat  appearance  and  also  gives  a  good  founda- 
tion for  jacks  when  jacking  cars.  It  also  reduces  the  labor 
in  changing  wheels,  besides  assuring  a  dry  yard  for  the  men 
to  work  in. 

We  repair  at  this  plant  on  an  average  of  200  cars  every 
working  day  with  a  force  of  60  men.  All  classes  of  repairs  are 
made,  from  changing  couplers  to  rebuilding  complete.  For 
the  last  five  months  we  have  averaged  per  month  400  couplers 
changed,  126  pairs  of  wheels  changed  and  104  longitudinal 
sills  applied.  The  month  of  March,  1903,  was  our  heaviest 
month  for  wheels  and  sills,  changing  199  pairs  of  wheels  and 
196  longitudinal  gills. 
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PISTON  VALVE   FOR  FOUR-CYLINDER  BALANCE 

COMPOUND. 


Bau)win  Locomotivb  Wokks. 


In  Illustrating  the  Vauclain  balanced  compound  locomo- 
tive, built  for  the  Plant  System  (Amkuican  Enciniohh,  March, 
1902),  the  valve  vfas  omitted  from  the  details  because  It 
merited  an  pxplanation  which  could  not  be  given  at  that  time. 
The  details  of  this  valve  are  of  greater  interest  because  of  the 
recent  construction  of  four  locomotives  on  the  same  system  tor 
the  Atchison,  Topelsa  &  Santa  Fe  Railway. 

The  accompanying  drawing  of  the  valve  and  bushing  and  the 
sketch  showing  the  cylinders  and  ports  makes  Its  operation 
clear.  The  simple  construction  is  worthy  of  record.  One 
valve,  15  ins.  in  diameter,  serves  both  cylinders  on  one  side 
of  the  engine.     The  valve  is  hollow  and  very  light.     It  talces 


a  .s — w — n — B 

in      Q  ai 

_i.D D_n:_^ 


3  B 

3    H 

^        1=3 


B   B 


DETAILS    OF   VAiVE   ASID  BUSHING. 

Steam  at  the  canter  and  places  the  valve  stem  under  receiver 
pressure  only.  By  following  the  courses  of  the  arrows  the 
operation  of  the  valve  is  made  clear  and  it  should  be  noted 
that  the  ports  to  the  low  pressure  cylinder  are  very  short,  giv- 
ing to  that  cylinder  very  small  clearances.  This  valve  has 
been  patented  by  Mr.  ti.  M.  Vauclain,  of  the  Baldwin  Locomo- 
tive Works.  It  is  illustrated  now  because  of  a  request  from 
a,  correspondent  who  has  become  interested  in  the  recent  arti- 
cles in  this  journal  on  the  subject  of  the  four-cylinder  com- 
pound in  France. 


PERSONALS. 


Mr.  G.  R.  Henderson  has  resigned  as  superintendent  of  mo- 
tive power  of  the  Atchison,  Topeka  &  Santa  Fe  Railway. 


T.  A.  Mackinnon,  first  vice-president  and  general  manager  of 
the  Boston  &  Maine  Railroad,  died  suddenly  July  12  at  Marble- 
head,  Mass. 


George  S.  Morison,  engineer  of  nine  bridges  over  the  Missis- 
sippi and  Missouri  rivers,  and  many  other  equally  important 
works,  died  in  New  York  July  1. 


Mr.  E.  D.  Nelson  has  been  appointed  engineer  of  mechanical 
and  electrical  tests  of  the  Pennsylvania  Railroad,  with  head- 
quarters at  Altoona.  This  is  an  office  created  to  meet  the  need 
for  an  experienced  officer  who  can  take  the  entire  responsi- 
bility for  the  Important  investigations  which  this  road  con- 
ducts in  the  study  of  its  problems.    The  fact  that  the  road  is 


building  a  locomotive  testing  plant  at  Altoona  and  that  the 
dynamometer,  building  at  the  works  of  Wm.  Sellers  &  Co.,  Is 
to  have  a  capacity  of  80,000  lbs.,  indicates  the  broad  scope  of 
the  development  which  Mr.  Nelson  is  to  have  in  charge.  He 
is  transferred  to  this  position  from  that  of  superintendent  of 
motive  power  of  the  Philadelphia  &  Brie  Division  at  Williams- 
port,  Pa.  He  is  succeeded  by  Mr.  R.  K.  Reading,  master  me- 
chanic at  West  Philadelphia. 


Pulaski  Leeds,  superintendent  of  motive  power  of  the  Louis- 
ville &  Nashville,  was  fatally  shot  by  an  employee  of  the  road 
July  C  and  died  the  next  day.  The  shots  were  flred  by  G.  B. 
Werner,  electrician  of  the  road,  who  immediately  committed 
suicide.  This  sad  affair  removes  one  of  the  best-known  motive 
power  officers  of  the  country.  He  was  a  l^rge  man  and  big- 
hearted,  although  his  kindly  nature  was  not  always  seen 
through  a  sometimes  bluff  manner.     Several  years  ago  the 


DIAORAM   OP   VALVE  AND   CTLINDEBS. 

writer  had  the  privilege  of  seeing  Mr.  Leeds  relieve  the  evi- 
dent distress  of  a  little  child  who  was  lost  in  the  streets  of 
Louisville.  He  was  never  too  busy  to  do  such  an  act  of  kind- 
ness and  he  was  a  man  who  naturally  made  strong  friendships. 
Mr.  Leeds  was  born  in  Connecticut  in  1S45  and  began  railroad 
service  in  1S61  as  machinist  apprentice  on  the  New  York  & 
New  Haven  Railroad.  In  1877  he  was  appointed  superintend- 
ent of  motive  power  of  the  Boston  &  New  York  Air  Line.  In 
1882  he  went  to  the  Louisville  &  Nashville  as  master  mechanic 
and  in  1889  became  superintendent  of  motive  power.  He  will 
be  greatly  missed. 


Not  over  30  per  cent,  of  the  machine  tools  used  in  railroad 
repair  shops  require  special  provisions  for  varying  cutting 
speeds — the  usual  method  of  changing  speeds  by  belt  and  cone 
pulleys,  or  by  gearing,  is  sufficient  for  most  requirements. 
The  remaining  70  per  cent,  of  the  tools  can  thus  be  conven- 
iently driven  by  constant-speed  motors,  for  which  purpose  the 
induction  (alternating  current)  motor  is  preferable  on  ac- 
count of  its  great  simplicity,  the  absence  of  commutators  or 
other  exposed  current  collecting  devices,  and  its  extensively 
proven  reliability. — L.  R.  Pomeroy,  before  the  Central  Rail- 
road Club. 
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WOODWORKING    MACHINERY. 


Important  Developments  in  Individual  Driving  by  Electric 

Motors. 


The  principle  of  driving  wood-worlving  machines  either 
individually  or  in  groups  by  electric  motors  has  come  to  be 
regarded  as  a  necessary  feature  of  the  equipment  of  every 
modern  wood-working  establishment,  whether  in  a  railroad 
shop  or  elsewhere.  The  importance  of  the  electrical  system 
transmission  of  power  is  being  realized,  and  during  the  last 
few  years  both  builders  and  users  have  given  the  subject 
special   consideration. 

As  our  readers  are  doubtless  aware,  the  advantages  to  be 
gained  from  the  electric  power  transmission  and  driving  are 
numerous,  but  the  most  important  may  be  treated  under  the 
following  heads:  First,  saving  of  power;  second,  decreased 
cost  of  maintenance;  third,  increased  output,  and,  fourth,  con- 
venience and  flexibility. 

The  saving  of  power  through  the  direct  driving  of  wood- 
working tools  by  electricity   is   a  matter  of  the  highest   im- 


avoided.  With  no  shafting  to  lubricate,  no  belts  to  renew  or 
repair  and  no  annoyance  from  loose  pulleys,  there  is  little 
difficulty  in  keeping  machinery  running  and  the  men  pro- 
ductively employed.  With  electricity  as  the  motive  power, 
the  horse-power  required  to  run  a  given  plant  is  less  than 
with  steam  and  a  considerable  amount  of  money  is  saved  in 
coal  consumption. 

There  is  no  question  as  to  the  increase  of  output,  as  actual 
returns  from  plants  that  are  now  operated  by  electricity  show 
that  the  output  has  been  increased  from  10  to  30  per  cent. 

With  respect  to  convenience  and  flexibility,  no  system  of 
belt  and  shaft  drive  can  possibly  compare  with  electricity. 
Where  formerly  it  was  necessary  to  place  machinery  in  a 
certain  position  relative  to  the  main  or  auxiliary  shafts,  now, 
with  the  individual  motor-drive,  the  machinery  may  be  dis- 
posed according  to  the  needs  of  the  tools,  the  available  floor 
space,  or  with  reference  to  the  other  conditions  that  may 
arise,  and  if  it  should  be  necessary  to  rearrange  the  tools  it 
can   readily  be   done.     By   the  vuse   of  motors,   the  machines 


DIRECT-CONNECTED    INDIVIDUAL   DRIVE    I   I'lix     A\     (UT.SH)H;     .MOULDER 
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portance.  Tests  have  brought  to  light  Instances  where  five- 
sixths  of  the  power  developed  in  the  ordinary  engine  room 
was  dissipated  in  the  shafting  and  belting,  this  with  every 
machine  running  at  full  load,  a  condition  seldom  reached  in 
practice,  and  the  maximum  of  efficiency  of  the  plant  proved 
to  be  only  30  per  cent.  This  is  an  abnormal  case,  however, 
and  is  the  exception  rather  than  the  rule. 

The  quantity  of  power  required  to  drive  wood-working  ma- 
chinery varies  enormously  according  to  the  character  and 
quality  of  the  lumber  worked,  the  speed  of  feed,  the  depth  of 
cut  and  more  particularly  the  condition  of  the  knives,  teeth 
and  other  cutting  edges.  The  importance  of  keeping  the  cut- 
ting edges  in  good  order  will  be  apparent  when  it  is  under- 
stood that  a  given  amount  of  work,  on  either  green  or  dry 
lumber,  may  easily  require  an  expenditure  ol  300  per  cent. 
more  power  when  the  knives  or  cutters  are  dull  than  when 
they  are  sharp.  Again,  the  power  required  by  the  machine 
itself  Is  very  much  greater  than  that  required  by  a  metal- 
working  tool  of  corresponding  size,  and  when  this  large 
amount  of  power  is  to  be  transmitted  through  considerable 
belting  and  long  runs  of  shafting,  the  losses  in  transmission 
are  great. 

As  to  the  decreased  cost  of  maintenance,  in  eliminating  the 
major  portion  of  shafting  and  belting,  as  is  the  case  when 
electric   power  is   used,   a  large  and   unending  expense   Is 
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may  always  be  set  up  where  they  are  most  convenient  for 
the  work  in  hand,  without  regard  to  the  source  of  power,  and, 
furthermore,  any  section  of  the  plant  can  be  operated  inde- 
pendent of  the  other.  This  opportunity  for  subdivision  is 
exceedingly  valuable  when,  in  running  overtime  or  in  other 
emergencies,  one  department  is  enabled  to  work  without  waste 
of  energy  while  the  remainder  of  the  plant  is  at  rest.  As 
regards  the  overhead  room  obtained  by  the  abolition  of  shaft- 
ing, it  is  in  many  cases  necessary  to  operate  the  traveling 
cranes,  and  these  can  be  used  without  any  difficulty  in  shops 
where  the  system  of  individually  driving  the  machines  by 
motors  is  in  vogue. 

Among  the  foremost  to  take  up  and  investigate  the  question 
of  motor-driving  for  wood-working  tools  was  the  S.  A.  Woods 
Machine  Company,  South  Boston,  Mass.  This  company  has 
had  this  subject  under  investigation  for  a  long  time  and  has 
gained  valuable  experience.  As  a  result  they  are  redesigning 
a  number  of  their  tools  to  conform  to  the  requirements  of  the 
motor  drives,  and  have  met  with  most  excellent  results,  not 
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only  as  to  the  simplicity  of  the  machine  equipments  but  also 
with  respect  to  the  service  performed.  We  are  permitted  to 
illustrate  herewith  a  few  representative  motor  drives  which 
have  been  designed  by  this  company. 

The  illustration  presented  on  page  294  represents  a  direct- 
connected  drive  upon  a  Woods  outside  moulder.  The  tool 
has  been  designed  to  bring  the  main  drive  shaft  in  line  with 
the  armature  shaft  and  thus  avoid  blocliing  up  or  depressing 
the  motor,  which  merely  rests  upon  the  floor.  The  motor, 
which  is  a  20-h.p.  Holtzer-Cabot 
constant-speed  direct-current  mo- 
tor, is  coupled  to  the  drive  shaft  by 
a  shaft  coupling.  The  arrangement 
of  the  drive  is  neat  and  compact, 
the  important  features  of  the  tool 
being  in  no  way  interfered  with. 

The  engraving  on  page  294  ilhis- 
trates  a  36-in.  Woods  band-saw  ar- 
ranged for  motor  driving.  The  mo- 
tor, which  is  in  this  case  also  a 
Holtzer-Cabot  constant-speed  direct- 
current  motor,  is  here  mounted 
upon  a  cast-iron  braclvet  which  is 
bolted  to  the  side  of  the  frame  and 
partly  rests  upon  the  floor.  This  is 
necessary  to  raise  the  motor  for 
alignment  of  the  shafts,  the  motor 
being  direct-coupled  to  the  lower 
band-wheel,  thus  avoiding  all  belt- 
ing. 

The  next  engraving  on  this  page 
illustrates  a  method  of  motor 
mounting  and  connection  that  was 
used  for  an  individual  drive  upon  a 
Woods  railway  cut-off  saw.  The 
motor  was  here  placed  upon  block- 
ing   to    align    its    shaft   for    direct- 


motor   is  used,   belns  belted   down  to  the  machine  for  an 

increase   of  speed.     This   machine,  which   will   mortise   from 
5-lfl  to  IVz  ins.,  requires  15  h.p. 

The  S.  A.  Woods  Machine  Company  state  from  their  experi- 
ence that  the  problem  of  driving  wood-working  mar;hlnery 
by  motors  is  rather  a  dIfBcult  one,  owing  to  the  variable 
nature  of  the  machines.  Consider,  for  instance,  the  15-ln. 
four-head  Woods  fast-feed  planer  and  matcher,  which  Is 
largely  used  by  railroads  for  the  production  of  flooring,  sheath- 
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DIBECT-CONNECTED   INDIVIDUAL   DKIVE   UPON   A    HEAVY   PLANEB   AND    MATCHER. 
S.    A.    WOODS    MACHINE    COMPANT. 


coupling  connection;  it  is  arranged  at  the  rear  of  the  tool 
so  as  to  offer  no  obstruction  to  its  operation. 

An  interesting  motor  drive  is  illustrated  in  the  engraving 
presented  immediately  above  this  paragraph.  It  represents  a 
Woods  extra  heavy  planer  and  matcher,  with  power  hoist, 
arranged  for  driving  by  a  60-h.p.  motor.  The  motor  i^  located 
upon  the  floor  and  is  so  adjusted  as  to  permit  of  direct  shaft 
connection,  as  shown.  The  service  required  in  a  drive  of  this 
type  is  very  exacting  and  severe,  and  needs  a  very  heavy  motor. 
This  arrangement  for  driving  is,  however,  very  compact  and 
accessible. 

The  engraving  ,at  the  right  shows  diagrammatically  an 
arrangement  of  individual  driving  which  has  been  applied  to 
a  horizontal  1%-ln.  Woods  mortiser.     In  this  case  a  ceiling 
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ing,  siding,  etc.;  this  machine  was  connected  to  a  motor  at 
their  works  and  subjected  to  a  rigid  test.  The  starting  load 
was  28  h.p..  but  it  dropped  afterwards,  as  the  machine  became 
warmed  up,  to  20  h.p.  Later  a  1-in.  board  S  ins.  wide  was 
fed  through  the  machine  and,  with  the  top  and  bottom  heads 
removing  Vi  in.  therefrom,  while  the  board  was  going  through 
the  machine  at  the  rate  of  60  ft.  per  minute,  32  h.p.  was 
required.  From  this  it  is  to  be  learned,  therefore,  that  a  15-in. 
planer  and  matcher  will  require  from  20  to  35  brp.,  according 
to  existing  conditions. 
This   is   a  fair   example  of   the   variation   in   planers  and 
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-matchers  generally,  and,  as  stated  earlier  in  tills  article,  the 
result  depends  largely  upon  the  condition  of  the  cutting  tools, 
perfect  conditions  requiring  much  less  power  than  would 
ordinarily  be  estimated. 

A  large  number  of  the  tools  built  by  this  company  are  now 
being  operated  by  electricity  and  those  most  commonly  used 
may  be  approximately  estimated  for  power  as  below; 

24  and  20-in.  heavy  timber  sizer  or  car-sill  dresser,  from.  .45  to  60  li.  p. 

-  8  and  15-ln.  planer  and  matcher,  from 20  to  35  h.  p. 

24  and  30-in.  planer  and  matcher,  up  to 45  h.  p. 

36  by  6-in.   cabinet  planer    (single  surfacer) 10  to  15  h.  p. 

13  by   6-in.  triple  column  outside  moulder 20  h.  p. 

16-in.   self-feed  saw  table 15  to  25  h.  p. 

14  by  16-in.   automatic   railway  cut-olf  saw 15  to  20  h.  p. 

30  to  42-in.   automatic  knife  grinder , 2  h.  p. 

1  Vj    to  2  sq.   in.   hollow-chisel   mortiser 15  h.  p. 

5-16  to  1  J/i>   sq.  in.  hollow-chisel  mortiser 10  h.  p. 

Multiple-spindle  boring  machines   require  from 6  to    8  h.  p. 

Automatic   car  gainers   about ■ 15  h.  p. 

These  figures  represent  the  maximum  requirements  under 
the  usual  mill  conditions  and  cover  the  momentary  loads, 
although,  as  before  stated,  with  perfect  conditions  the  power 
could  be  reduced  considerably.  We  know  of  cases  where  some 
of  the  machines  enumerated  above  are  being  operated  with 
motors  considerably  smaller  than  we  have  recommended. 
This  is  perhaps  due,  as  we  have  stated  before,  to  the  existing 
conditions  at  the  various  plants.  It  must  be  borne  in  mind 
that  these  amounts  are  estimated  from  their  knowledge  of 
average  mill  conditions.  These  builders  are  prepared  to  fur- 
nish all  their  machines  for  direct  motor  driving. 


THE    STEAM     TURBINE    FROM     AN     OPERATING 
STANDPOINT. 


Br  F.  A.  Waldron. 


Prom  a  paper  read  before  the  American  Society  of  Mechanical 
Engineers. 


The  steam  turbine  which  this  paper  will  describe  is  installed  at 
the  works  of  the  Yale  &  Towne  Manufacturing  Company,  Stam- 
ford, Conn.,  and  is  the  first  cue  of  its  size  (outside  of  those  oper- 
ated by  the  builders)  to  be  put  into  practical  operation  in  this 
country.  It  is  the  writer's  intention,  therefore,  to  give  not  only 
an  account  of  its  install.ition  and  operation,  but  also  data  from  the 
boiler-room  to  a  brake  horse-power  delivered  from  the  driving 
pulley  of  the  motor. 

After  a  thorough  investigation  by  the  writer,  in  the  early  part  of 
1901,  it  was  decided  to  in.stall  a  Westinghouse-Parsons  steam  tur- 
bine, for  the  following  reasons:  (1)  Floor  space,  (2)  economy, 
(3)  continuous  operation  of  existing  plant  during  installation  of 
the  new.  The  problem  wa.s,  therefore,  to  concentrate  the  largest 
amount  of  power  in  the  smallest  possible  area  consistent  with 
economical   operation. 

The  generating  outfit  consists  of  a  two-phase,  240-volt  alter- 
nator of  400-kw.  capacity  (when  the  turbine  was  running  condens- 
ing, and  the  power  factor  of  the  alternator  was  from  90  to  100  per 
cent.),  7,200  alternations,  running  at  3,G00  r.  p.  m.,  with  a  separate 
direct-connected  exciter  set.     The  alternator  is  of  the  revolving  field 


type,  and  the  surface  speed  of  the  field  is  22,137  ft.  per  minute. 
The  weight  of  the  outfit  is  33,200  lbs.,  and  it  occupies  a  floor  space 
19  by  4^2  ft.  The  guaranteed  economy  was  IGVz  lbs.  of  water  per 
electrical  horse-power  at  the  switchboard,  with  28  ins.  of  vacuum, 
40  degs.  Fahr.  superheat,  and  155  lbs.  gauge  pressure. 

Sixty-four  induction  motors  (with  varying  loads),  ranging  from 
%  to  4U  horse-power,  are  distributed  throughout  the  works.  With 
the  exception  of  the  elevator  motors,  the  entire  plant  is  arranged 
on  the  group  system.  Wherever  one  or  more  machines  are  to  be 
driven,  belting  or  gearing  is  used,  and  if  room  will  permit,  belting 
is  given  the  preference. 

The  turbine  end  of  this  machine  has  received  very  little  attention 
in  the  past  year,  and  has  required  no  renewals  or  repairs  to  any  of 
its  parts ;  in  fact,  from  an  operating  standpoint,  it  is  almost  fool- 
proof. Occasional  longitudinal  adjustment,  to  check  the  clearance 
between  the  blades  in  the  case  and  the  revolving  element,  is  neces- 
sary. The  wear  and  tear  on  other  parts  of  the  machine  have  been 
practically  nil,  and  if  the  oil  is  kept  in  constant  circulation  and 
properly  cooled,  there  is  no  need  of  a  "hot  box,"  and  the  amount  of 
oil  used  is  extremely  small,  the  consumption  of  this  particular 
machine  being  %  gal.  of  cylinder  oil  per  week,  and  from  3  to  5  per 
cent,  of  the  lubricating  oil  on  the  bearings  may  be  said  to  be 
wasted.  The  principal  trouble  with  the  steam  end  is  its  liability 
to  shut  down,  when  running  from  three-quarters  to  full  load,  be- 
cause the  vacuum  is  destroyed.  This  can  be  prevented  if  the  en- 
gineer is  on  hand,  but  sometimes  he  isn't  there,  and  we  have  had 
one  or  two  shut-downs  in  the  last  year  from  this  cause.  I  am 
informed,  however,  that  a  device  for  automatically  preventing  this 
is  being  designed  by  the  makers,  and  we  expect  to  have  it  on  our 
second  machine. 

The  electrical  end  of  the  machine  has  given  us  all  the  trouble- 
not  from  the  result  of  electrical  design  and  defect,  but  from 
mechanical  defects,  pure  and  simple.  The  field  or  revolving  element 
is  made  of  four  cylindrical  forgings,  23%  ins.  in  diameter,  aggre- 
gating in  length  about  28  ins.  These  sections  are  forced  onto  a 
shaft  with  about  150  tons  pressure.  Owing  to  centrifugal  force 
and  the  heat  developed  in  the  field,  one  of  these  sections  crept  on 
the  shaft  about  %  in.,  the  result  being  that  on  August  21,  1902, 
one  of  the  field  wires  was  pulled  apart.  Repairs  were  quickly 
made,  and  the  makers  agreed  to  furnish  us  a  new  field,  which  was 
placed  in  position  the  latter  part  of  December;  when,  upon  start- 
ing the  machine  for  the  purpose  of  testing,  it  immediately  (upon 
attaining  full  speed,  and  without  any  load  upon  it)  flew  into  a 
large  number  of  pieces,  entirely  demolishing  the  electrical  end  and 
badly  damaging  the  steam  end.  Investigation  showed  that  in- 
visible flaws  in  the  forging  were  the  cause  of  this  accident. 

A  memorandum  has  been  kept  by  the  author  of  all  of  the  ques- 
tions which  had  been  asked  him  in  regard  to  this  installation,  and 
as  a  matter  of  record  he  would  like  to  place  the  more  important 
ones  before  the  society,  in  the  order  of  their  importance : 

Does  it  fulfill  the  guaranteed  economy?  [The  tables  show  that 
its  performance  is  satisfactory. — Ed.] 

-Vre  you  satisfied  with  the  continuity  of  operation?  Outside  of 
the  breakdown  (which  was  due  to  defective  material,  or  to  causes 
entirely   foreign   to   the  machine),   it   is   entirely   satisfactory. 

What  condensing  outfit  is  necessary?  This  is  a  question  which 
each  purchaser  can  best  decide  for  him.self.  The  writer's  experi- 
ence, however,  is  that  the  best  is  none  too  good,  and  that  for  con- 
tinuous running  and  high  vacuums  the  dry  system,  with  a  two- 
stage  air  pump,  will  probably  maintain  higher  average  vacuums 
than  any  other  system. 

Can  exhaust  steam  be  used  for  heating?  This  turbine  has  sup- 
plied 25,000  sq.  ft.  of  direct  radiating  surface  and  7,500  sq.  ft.  of 
blower-stack  surface,  and  luaintained  a  temperature  of  from  60  to 
70  degs.  Fahr.  in  all  buildings  when  generating  520  kw,  and  with  a 
temperature  of  220  degs.  Fahr.  in  the  exhaust  chamber  of  the 
turbine. 

What  overload  will  it  stand?  A  50  per  cent,  overload  has  been 
maintained  at  full  speed  for  five  hours  without  apparent  injury  lo 
the  machine. 

Can  it  be  changed  from  condensing  to  non-condensing  and  vice 
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versa,  when  running?  This  we  have  done  daily,  during  the  heating 
poi-iod,  and  without  difTiculty  or  Klnit-dovvii. 

Type  of  exciter?  The  exciter  should  be  driven  by  an  independent 
engine. 

Is  your  confidence  in  the  machine  shaken  after  the  trouble  you 
have  had  with  it?  The  best  reply  to  this  is  that  a  second  outfit 
has  boon  ordered. 

Co.stV  Upon  the  basis  of  strictly  competitive  price.s,  the  turbine, 
ready  to  run,  costs  from  ]()  lo  1.5  per  cent,  less  than  the  same  sized 
reciprocating  engine  oullit.  The  cost  of  the  power-house,  per 
square  foot,  per  kilowatt,  would  be  about  65  per  cent,  less  for  a 


chinery  when  running  Idle ;  (c)  the  total  power  used  by  the  shaft- 
ing, machinery  and  u.seful  work;  (d)  efficiency  of  electric  trans- 
niLssion. 

The  tests  were  made  under  actual  running  conditions,  the  test 
for  each  room  being  continued  for  one-h:ilf  day,  with  regular  work- 
ing load,  and  readings  of  the  watt  meler  were  taken  every  two 
minutes.  'J'lie  mean  vibration  of  the  pointer  was  taken  as  the  true 
reading.  Tiie  ellicieiiiy  of  the  motors  (under  their  different  loads) 
was  taken  from  the  curves  furnished  by  the  builders.  The  analysis 
of  those  tests  would  indicate  that,  with  the  turbo-generator  driving 
induction  motors,  and  with  tin  evaporation  of  8.707  lbs.  of  water 
per  pound  of  coal,  a  brake  horse-power  can  be  delivered  from  the 
jmlley  of  the  motor  for  about  2'/l>  lbs.  of  coal  with  a  turbine  of  this 
size  running  under  average  economy.  (This  allows  T>  per  cent. 
for  banking.  I  TJnder  the  same  evaporative  rondition.s  the  average 
non-condensing  engine.s  distributed  through  the  different  rooms  in 
the  plant  would  require  7.5  lbs.  of  coal  per  brake  horse-power  at 
the  fly-wheel,  or  three  times  that  quantity  required  for  the  electrical 
drive. 

In  conclusion,  the  results  obtained  from  this  outfit  may  not  be 
any  higher  than  many  obtained  by  direct-connected  sets  of  the 
same  .size  running  under  maximum  economical  conditions.  Assum- 
ing, however,  thnt  they  are  the  same,  the  advantages  of  initial  in- 
vestment, con.slant  economy  and  the  possible  extension  of  the  plant 
with  the  turbo-generator  outfit,  are  of  sufficient  importance  to 
warrant  the  installation.  The  strongest  appeal,  however,  that  the 
turbo-generator  makes  to  the  business  man  or  the  engineer  is  its 
inherent  commercial  efficiency.  By  this  I  mean  that  its  efficiency 
is  unchanged  week  in  and  week  out,  year  in  and  year  out.  Le.aky 
pistons  or  valves,  lack  of  alignment  of  slides  and  bearings,  keying 
>ip,  and.  above  all.  lubrication,  all  of  which  exist  in  the  reciprocat- 
ing engine,  are  eliminated  in  the  turbine. 

[EniTOR'.s  NoTK. — This  is  an  important  and  excellent  paper.  It 
presents  illustrations  and  records  of  the  performance,  including 
boilers,  turbines,  generators  and  motors.  We  reproduce  the  motor 
tests,  and  recommend  the  reader  to  secure  a  complete  copy  of  the 
paper.]  


ALTERNATING   CURRENT    MOTORS    FOR   VARIABLE 

SPEED. 


A  Paper  Read  Before  the  American  Society  of  Mechanical  Engi- 
neers. 

By  W.  I.   Slichter. 


SECTIONAL  ELEVATION  OF  BOILER  AND 
ENGINE  ROOM. 


The  impression  is  very  general  that  a  variable  speed  cannot  be 
obtained  with  an  alternating  current  motor,  and  that  if  an  alter- 
nating current  plant  is  to  be  installed,  the  idea  of  obtaining  a 
variable  speed  drive  of  any  of  the  tools  miLst  be  abandoned.  This 
is  not  so.  and  the  object  of  this  paper  is  to  show  the  possibilities 
of  this  type  of  motor  and  to  point  out  its_  limitations.  But  it 
must  be  understood  in  the  first  place  that  it  is  not  claimed  for  the 
alternating  current  motor  that  it  can  compete  with  the  direct  cur- 
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turbo-generator  outfit  than  for  a  reciprocating  engine  of  the  same 
power  and  economy.  The  cost  of  foundations  is  taken  into  account 
in  the  cost  of  the  engine  and  turbine.  The  cost  of  piping  is  not 
included  in  either  ease,  excepting  the  piping  between  the  throttle 
and  the  condenser. 

Is  the  vibration  excessive?  The  author  considers  that,  unless 
it  Ls  possible  to  balance  a  lead  pencil  on  the  outboard  bearing  and 
allow  it  to  remain  there  for  a  minute,  the  machine  is  vibrating 
more  than  it  should ;  and  while  there  are  no  foundation  bolts  to 
hold  the  machine  down,  there  has  been  no  tendency  for  it  to  creep 
on  its  foundations. 

The  principal  points  brought  out  by  the  tests  are:  (a)  Difference 
in  frictional  losses,  depending  on  speed  and  arrangements  of  shaft- 
ing in  the  different  rooms;    (b)   the  power  utilized  by  the  ma- 


reut  type  where  continual  variations  of  speed  throughout  a  wide 
range  are  required,  as  the  latter  motor  is  usually  superior  in  effi- 
ciency under  these  conditions. 

Let  us  assume,  then,  that  the  problem  to  be  solved  is  a  case 
where  an  alternating  current  plant  is  desirable  for  general  reasons, 
such  as  dist.tnce  of  transmission  or  availability  of  power,  and  that 
a  considerable  amount  of  the  power  is  used  in  constant  speed  work, 
but  a  certain  portion  of  the  work  requires  a  variable  speed.  What 
is  the  most  appropriate  and  most  efficient  method  of  obtaining  the 
variable  speetj?  . 

The  speed  of  an  alternating  current  motor  may  be  controlled  in 
a  number  of  wa.vs  : 

(a)  By  varying  the  potential  applied  to  the  primary  of  a  motor 
having  a  suitable  resistance  in  the  secondary ;  (b)  by  varying  tb« 
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resistance  in  the  secondary  circuit ;  (c)  by  changing  the  connec- 
tions of  the  primary  in  a  manner  to  change  the  number  of  poles ; 
td)   by  varying  the  frequency  of  the  applied  voltage. 

For  the  benefit  of  those  not  familiar  with  the  polyphase  induc- 
tion motor,  a  general  view  of  its  characteristics  may  be  desirable. 

These  characteristics  are  very  similar  to  those  of  the  continuous 
current  shunt  motor — that  is,  at  a  constant  impressed  voltage  and 
frequency  the  speed  tends  to  be  constant,  and  a  considerable  change 
in  load  will  not  cause  an  appreciable  change  in  speed.  As  the  load 
increases,  the  speed  drops  gradually  to  a  critical  point,  usually 
about  15  to  20  per  cent,  below  the  normal  value,  and  then  the  motor 
breaks  down  completely  if  the  load  is  any  further  increased.  The 
same  action  occurs  exactly  if  the  load  is  kept  constant  and  the 
voltage  is  decreased.  But  if  the  frequency  of  alternation  of  the 
impressed  voltage  is  decreased,  the  speed  will  decrease  in  exactly 
the  same  proportion.  That  is,  for  a  given  frequency  and  a  given 
number  of  poles  in  the  motor,  the  speed  is  practically  fixed  and  in- 
dependent of  all  other  effects.  The  one  exception  to  this  last  rule 
is  the  effect  of  the  resistance  (or  losses)  in  the  secondary  (usually 
the  rotating)  member. 

Tlie  drop  in  speed  from  the  synchronous  value  is  directly  pro- 
portional to  these  losses.  Thus,  by  increasing  the  resistance  of 
this  circuit,  any  desired  speed  may  be  obtained  at  the  expense  of 
these  losses.  With  the  increased  resistance,  the  speed  at  which  the 
motor  breaks  down  may  be  reduced  to  a  very  low  value,  even  to 
zero  speed.  Thas.  by  reducing  the  voltage  applied  to  the  motor  for 
a  given  torque,  the  effect  is  produced  of  overloading  it,  and  the 
speed  drops.  These  characteristics  are  equally  true  for  the  2-phase 
or  3-phase  motor,  of  course,  as  the  two  motors  are  practically 
identical  in  their  coiLstruction. 

In  this  connection  it  should  be  remembered  that  a  variation  of 
an  alternating  voltage  may  be  obtained  by  means  of  a  reactance 
or  compeiLsator  with  a  very  small  lo.s;s  of  energy,  whereas  with  a 
continuoas  voltage  the  loss  of  energy  is  usually  proportional  to  the 
variation  in  voltage. 

Potential  Control. — In  this  a  suitable  reactance  or  "compen- 
sator" reduces  the  line  voltage  to  the  fractional  value  desired.  In 
this  reduction  the  energy  lost  is  only  about  5  per  cent,  of  the 
amount  transformed. 

The  induction  motor  should  have  a  very  large  resistance  in  the 
secondary,  which  is  preferably  of  the  squirrel  cage  type.  This  re- 
sistance gives  the  motor  a  speed  characteristic  such  that  its  full 
lead  speed  is  some  10  per  cent,  less  than  that  of  a  normal  motor, 
\  and  as  the  load  is  increased,  the  speed  will  fall  to  about  30  per 
cent,  of  this  value  without  the  motor  "breaking  down"  or  falling 
out  of  step,  which  in  the  normal  motor  usually  takes  place  at  about 
80  per  cent,  of  the  full  load  speed. 

Such  a  motor  would  have  the  following  characteristics,  assuming 
its  synchronous  speed  as  1.00,  and  the  voltage  applied  as  100. 
(This  is  based  on  a  50-h.p.,  40-cycle  motor,  at  800  revolutions  per 
minute,  as  an  instance.) 

For  constant  full  load   (50-h.p.)  torque  at  various  speeds: 

Effl-  Losses,  K.W. 

Speed.  Volts,  ciency.  Motor.  Comp. 

Full    load   speed 89       100       81  8.8  iv.W.     0.0  K.W. 

Three-quarter   load   speed...    .67  66       59  18.5  K.W.     1.0  K.W. 

One-half    load    speed 45  57        37  32.0  K.W.     2.0  K.W. 

One-quarter    load    speed 22  56       17  45.7  K.W.     3.5  K.W. 

Normal  motor    (full   speed).    .98       100        88  5.0  K.W.     0.0  K.W. 

From  this  we  see  the  principal  and  worst  characteristic  of  this 
scheme.  The  increased  losses  in  the  motor  (thus  increased  heat- 
ing) with  the  decreased  speed.  This  means  that  the  motor  must 
be  larger  than  normal. 

Rheostat  Control. — In  this  scheme  the  secondary  or  rotor  must 
have  a  definite  winding  (as  opposed  to  the  squirrel  cage,  which  is 
cheaper)  with  slip  rings  and  bru.shes  to  lead  out  the  current.  The 
friction  and  resistance  losses  due  to  these  brushes  decrease  the 
efficiency  of  the  motor  somewhat.  The  secondary  is  usually  wound 
for  a  higher  voltage  and  less  current  than  in  the  standard  or 
normal  motor,  to  minimize  these  losses.  The  action  of  this  method 
is  based  on  the  principle  that,  in  an  induction  motor,  the  drop  in 
speed  for  any  given  torque  is  proportional  to  the  resistance  of  the 
secondary  circuit. 

This  scheme  would  show  the  following  characteristics  for  the 
same  motor  as  before  at  50-h.p.  torque,  constant: 

Speed.  Volts.    Eff.       Losses.  Motor.    Rheo. 

Pull    load    speed 96       100       86  5  K.W.        0.0  K.W. 

Three-quarter    load    speed...    .72       100       65  6  K.W.       9.0  K.W. 

One-half   load   speed 48       100       43  5  K.W.      18.5  K.W. 

One-quarter   load   speed 24       100       22  5  K.W.     28.0  K.W. 

Normal   motor    (full) 98       100       88  5  K.W.       0.0  K.W. 

As  will  be  seen,  this  method  gives  a  higher  efficiency  throughout, 
but  particularly  excels  the  previous  method  in  having  so  much 
smaller  losses  in  the  motor  itself,  thus  permitting  of  a  smaller 
design  and  less  danger  of  damage.  The  losses  are  concentrated  in 
a  rheostat,  which  is  a  cheaper  piece  of  apparatus  and  less  liable 
to  damage,  being  of  iron  and  asbestos  usually,  instead  of  high 
grade  insulating  materials,  as  in  the  motor  proper. 

Changeable  Poles. — By  using  a  pitch  of  winding  which  is  com- 
mensurable with  two  numbers  of  poles,  we  may  build  a  motor 
which  will  operate  with  either  4  or  8,  6  or  12,  etc.,  poles,  by  a 
slight  change  of  the  connections.  Or  by  a  more  intricate  arrange- 
ment of  windings  a  change  from  4  to  6,  6  to  8,  etc.,  may  be  made. 
In  this  arrangement  it  is  nece-ssary  to  use  a  squirrel  cage  arma- 
ture, since  it  is  suitable  for  any  number  of  poles,  and  the  pitch  of 
the  primary  coils  has  to  be  made  some  compromise  value  between 
the  normal  pitch  of  the  two  combinations,  so  it  is  usually  not  the 
best  or  most  effective  pitch  for  either  number  of  poles.  Therefore 
the  constants  of  this  motor  should  not  be  expected  to  be  as  good 
as  those  of  the  standard  motor.  Of  course  such  a  motor  operates 
advantageously  only  at  two  speeds  corresponding  to  the  synchronous 
speeds  of  the  two  arrangements.  Thus,  a  12  and  6-pole  motor  at 
40  cycles  would  operate  at  either  400  or  800  revolutions  respective- 
ly. If  a  wider  range  is  desired,  the  potential  control  scheme  first 
mentioned  may  be  combined  with  it 

For  a  motor  operating  at  full  and  half  speeds,  say  with  6  and 
12  poles  for  800  and  400  revolutions,  we  would  have : 


Volts.      Eft.     Losses. 

Full   speed,   50   h.p 100  86         5.8 

Half  speed,   25   h.p 100  74  6.6 

Thus,  for  full  load  torque  at  half  speed  we  get  an  efficiency 
almost  double  that  obtained  with  the  other  methods,  but  what 
losses  there  are  are  in  the  motor  itself,  as  in  the  first  case.  The 
losses  are  about  the  same  in  the  two  cases,  the  speed  thus  the 
ventilation  being  half  in  one  case,  the  heating  is  greater  at  the 
lower  speed. 

Variable   Frequencj*. — Every    induction   motor   tends   to   run   at 

60  X  frequency, 
synchronous  speed — that  is,  at  a  speed  equal  to  Poles 

Thus,  if  a  different  frequency  is  impressed  on  the  motor,  it  will 
run  at  a  different  speed.  Some  installations  have  been  made  where 
two  or  three  alternating  current  generators  are  used  to  obtain 
different  frequencies,  and  these  circuits  are  carried  around  the 
shops  by  various  sets  of  lines  (usually  three  in  each  set)  and  the 
motor  connected  to  the  lines  giving  the  frequency  and  speed  de- 
sired. For  normal  losses  in  the  iron  the  voltage  must  vary  with 
the  frequency.     Thus  for  full  and  half  speed  we  have: 

Volts.      Eff.     Losses. 

Full  speed    50  h.p 100  88  5 

Half  speed,  25   h.p 50         87  2.8 

Generators  have  been  built  having  two  stationary  armatures  in  ■ 
the  same  frame  and  two  revolving  fields,  with  a  different  number 
of  poles  on  the  same  shaft  to  give  the  multiple  frequency  desired. 
An  application  of  this  principle,  which  is  very  pretty  theoretically, 
is  that  of  a  very  small  variable  speed  induction  motor  (whose 
losses  are  negligible)  which  drives  a  commutator  feeding  the 
primary  of  the  load  machine ;  by  a  suitable  control  of  the  little 
motor  any  desired  frequency  may  be  supplied  to  the  load  machine 
from  zero  to  full  value,  thus  it  may  be  started  and  run  at  any 
desired  speed.  A  variation  of  this  is  to  attach  the  commutator  to 
the  shaft  of  the  load  machine  and  the  brushes  to  the  shaft  of  the 
controlling  motor,  thus  when  the  load  machine  is  standing  still  the 
brushes  revolve  at  almost  full  speed  on  the  commutator,  and  a 
very  low  frequency  is  obtained  in  the  commutated  circuit.  As  the 
load  machine  speeds  up,  the  difference  in  the  speeds  of  the  com- 
mutator and  the  brushes  decreases,  and  hence  the  frequency  in- 
creases until  that  time  when  the  commutator  and  brushes  are  re- 
volving together  at  the  same  speed  when  there  is  no  commutation 
and  the  load  machine  receives  full  frequency. 

SUMM.\RY. 

From  these  descriptions  it  will  be  seen  that  the  changeable  pole 
and  variable  frequency  methods  are  the  most  efficient,  but  do  not 
permit  of  a  variation  through  a  wide  range  of  speed.  The  rheostatic 
control  is  the  simplest  and  easiest  of  control,  giving  a  range  from 
standstill  to  full  speed,  but  is  not  as  efficient  as  the  first  two,  al- 
though more  efficient  than  potential  control.  The  last  mentioned 
has  the  disadvantages  of  low  efficiency  and  considerably  increased 
heating  in  the  motor  itself,  and  is  also  unstable  at  low  speeds,  say 
below  one-third  speed.  That  is.  a  small  variation  in  torque  or  a 
smaller  variation  in  voltage  will  cause  a  considerable  variation  in 
speed. 

The  potential  control  is  used  where  moderate  variations  in  speed 
are  wanted,  not  reaching  to  less  than  half  speed  for  instance,  and 
where  the  load  is  intermittent,  not  giving  the  motor  a  chance  to 
get  too  hot.  Its  great  disadvantage  is  the  amount  of  current  it 
takes  at  starting,  which  causes  considerable  disturbance  in  the 
supply  circuit,  flickering  of  lights,  etc.,  due  to  the  drop  in  voltage. 
The  motor  used  is  a  cheaper  one  to  build  (for  the  same  size)  than 
the  others,  but  if  anything  like  continuous  running  is  desired,  the 
motor  must  be  larger,  thus  much  of  this  advantage  is  lost. 

One  advantage  of  this  motor  is  that  it  may  be  totally  enclosed 
for  use  in  powder  mills,  oil  refineries  or  where  much  dust  or  cor- 
rosive vapor  is  encountered,  as  it  may  be  controlled  from  a  distance 
without  increasing  the  number  of  wires. 

The  rheostatic  method  is  particularly  adapted  where  frequent 
starting  and  low  speeds  are  required,  as  it  causes  no  unusual  drain 
on  the  suppl.v  system  when  starting.  Thus  it  is  used  for  hoists, 
elevators,  etc. 

The  changeable  pole  system  has  the  same  disadvantages  in  start- 
ing as  the  potential  control.  For  long-continued  running  at  only 
two  different  speeds  it  is  excellent,  and  has  constants  comparable 
with  those  of  a  continuous  current  motor. 

To  vary  the  frequency  of  altornation  for  the  motor  requires  an 
increased  investment  in  generating  station  or  auxiliary  apparatus 
and  line  copper,  and  the  greater  the  number  of  speeds  desired,  the 
greater  this  complication ;  but  in  its  action  and  economy  it  is  equal 
to  any. 

One  point  which  is  important  to  bring  out  is  that  with  the 
changeable  pole  and  change.ible  frequency  systems  the  motor  will 
not  vary  appreciably  from  the  set  speed  for  changes  of  load,  while 
with  either  potential  or  rheostatic  control,  a  change  of  load  will 
cause  an  appreciable  variation  from  the  desired  speed,  requiring  a 
readjustment  of  the  potential  or  resistance  to  bring  the  speed  to 
the  desired  value  again. 


An  excellent  illustration  of  the  reliability  of  the  Induction 
motor  was  recently  presented  in  a  large  plant  using  the  3-phase 
alternating-current  system  of  power  distribution.  One  of  their 
induction  motors  is  located  at  the  foot  of  a  fine-coal  storage  bin 
and  works  constantly  in  an  atmosphere  charged  with  coal  dust. 
The  motor  has  frequently  worked  without  interruption  while 
almost  entirely  embedded  in  accumulations  of  fine  coal,  and 
when  it  is  cleaned  out  periodically  a  large  quantity  of  coal  is 
always  taken  out  of  it.  It  works  constantly  and  with  no  atten- 
tion except  occasional  greasing.  The  motor  in  question  is  one 
of  the  well-known  type  "C"  3-phase  motors  made  by  the  West- 
inghouse  Company. 
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TRACTION  INCREASER  AND   WEIGHTS  ON  DRIVERS. 


JOO-INCH    DRIVING-WHEEL  LATHE. 


NEW    YORK    CENTRAL    4-4-2    TYPE    LOCOMOTIVE. 


The  actual  weights  on  drivers  and  trucks  of  the  4-4-0  type 

passenger    locomotive   of   tne    New   York    Central    have   been 

obtained  in  erder  to  answer  an  inquiry  for  the  exact  figures. 

This  engine  was  illustrated  and  described  in  this  journal  in 

February,  1901,  page  35.    The  figures  are  as  follows: 

Lbs. 

Weight  on  drivers,   working  order,  normal 94,800 

Weight    on    drivers,    working    order,    with   traction    increaser    In 

service     104.800 

Weight  on  forward  truck,  working  order,  normal 42, GOO 

Weight  on  forward  truck,  working  order,  with  traction  increaser 

In     service     37.000 

Weight  on  rear  truck,  working  order,  normal    38.600 

Weight    on    rear   truck,   working    order,    with   traction    increaser 

in    service    34,200 

Total  weight  of  engine,  working  order   176.000 

Weight  of  tender    loaded    114.000 

Weight  of  tender,  empty    ., 50,800 


"The  worst  fault  I  have  to  find  in  most  all  tools  is  that  they 
are  short  of  power.  As  a  rule,  the  belt  speed  is  too  slow,  and 
the  gearing  is  too  weak.  If  you  take  almost  any  tool  and  adapt 
It  for  electric  driving,  where  there  is  no  slip  of  the  belt,  you 
will  find  that  it  is  only  a  question  of  time  before  the  gearing 
begins  to  give  trouble  and  ultimately  breaks  down.  Almost 
every  tool  I  have  bought  is  defective  in  this  detail,  and  could 
have  easily  been  improved  with  a  little  forethought  and  at  very 
little  expense.  In  this  respect  my  experience  has  been  shared 
by  most  of  my  friends.  A  few  days  ago  I  was  looking  through 
one  of  the  most  up-to-date  shops  in  this  district,  and  the 
same  lamentation  was  there,  viz.,  want  of  power.  The  tools 
would  not  do  what  they  were  led  to  expect,  and  all  sorts  of 
excuses  were  made  by  their  makers. 

"All  large  machines  that  have  heavy  parts  that  require  to 
be  moved  should  be  fitted  with  a  power  motion  to  such  parts. 
Except  in  a  few  cases,  the  quick  'hand  transverse'  should  be 
done  away  with,  and  quick  'power  transverse'  should  be  substi- 
tuted. All  radial  drills  should  have  a  proper  power  motion  for 
raising  and  lowering  the  arm — something  a  little  better  and 
quicker  than  putting  on  and  taking  oft  a  belt." — A  Large  User 
of  Machine  Tools. 


The  annoyance  of  troublesome  vibrations  set  up  by  a  steam 
engine  resting  on  a  concrete  foundation  resting  on  a  thick  bed 
of  clay,  with  rock  underlying,  were  suppressed  in  the  follow- 
ing manner,  according  to  the  Iron  Age:  The  engine  was  re- 
moved and  shafts  4  ft.  in  diameter  were  sunk  into  the  sub- 
soil for  a  distance  of  30  or  40  ft.  At  the  bottom  of  the  shafts 
enlargements  were  made  and  concrete  foundations  put  in.  Oast 
iron  pipes,  30  ins.  in  diameter,  in  12-ft.  lengths,  were  reared  on 
these  foundations  to  the  under  side  of  the  engine  bed.  The 
pipes  were  then  filled  solid  inside  with  Portland  cement  con- 
crete, and  sand  packed  around  the  outside  of  the  pipes,  filling 
up  the  shafts.  The  engine  bed  was  relocated  and  wholly  sup- 
ported in  this  way,  isolated  from  the  surface  soil. 


The  Gisholt  Machine  Company,  Madison,  Wis.,  has  recently 
amended  its  articles  of  incorporation,  increasing  its  capital  to 
$750,000.  This  company  has  confined  itself  almost  exclusively 
to  the  manufacture  of  the  now  well-known  "Gisholt"  lathe. 
These  tools  are  made  in  several  varieties  and  sizes,  and  the 
line  is  being  constantly  extended.  Increased  demands  have 
necessitated  a  considerable  addition  to  the  manufacturing  facil- 
ities, both  in  buildings  and  equipment.  These  will  double  the 
former  capacity.  A  large  portion  of  the  new  additions  will  be 
used  in  producing  the  "Gisholt"  lathe,  and  part  will  be  devoted 
to  the  manufacture  of  other  types  of  machine  tools,  such  as 
boring  mills,  etc.  These  new  machines,  however,  will  not  be 
undertaken  until  the  completion  of  the  buildings.  Among 
other  new  facilities,  contracts  have  been  let  for  a  large  new 
foundry  with  the  best  ui)-to-date  equipment.  Fireproof  con- 
struction will  be  employed  in  all  of  the  buildings. 


WKST   MILWAUKEE   SHOPS. 


Chicago,  Milwaukee  &  St.  Paul  Railway. 


In  referring  to  the  large  motor-driven  Bement-Mlles  wheel 
lathe  at  the  West  Milwaukee  shops  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railway  on  page  1S5  of  our  May,  )&03,  Issue,  we 
were  inadvertently  in  error  in  stating  that  the  motor  used 
for  the  drive  wa.s  a  General  Electric  motor;  we  take  pleasure 
in  stating  that  this  motor  was  built  by  the  Milwaukee  Elec- 
tric Company,  Milwaukee,  Wis. 

We  are  informed  that  this  driving-wheel  lathe,  the  photo- 
graph of  which  is  reproduced  herewith  for  reference,  has  made 
a  remarkable  record  in  operation.  This  tool  is  one  of  the 
heaviest  driving-wheel  lathes  ever  built,  having  a  capacity 
for  turning  tires  up  to  100  ins.  in  diameter.  The  size  of  the 
lathe  may  best  be  judged  from  the  fact  that  it  weighs,  exclu- 
sive of  the  motor,  112,000  lbs.  The  motor  is  one  of  the  stand- 
ard 20-h.p.  direct-current  machines  built  by  the  Milwaukee 
Electric  Company.     It  is  equipped  for  a  30  per  cent,  speed 


100-IN.    DRIVING-WHEEL   LATHE. 
CHICAGO,    MILWAUKEE   &   ST.    PAUL   RAILWAY. 

range  by  field  control,  the  normal  field  speed  being  650  revolu- 
tions per  minute  and  the  maximum  850  revolutions  per  minute. 

The  interesting  test  was  made  upon  this  lathe  last  spring. 
A  pair  of  84-in.  tires  were  turned  simultaneously  with  an 
average  depth  of  cut  at  each  tool  of  5-16  in.  and  a  feed  of 
3-16  in.  The  cutting  speed  was  18i,i  ft.  per  minute.  The  aver- 
age horse-power  required  at  the  motor  was  I6V2  h.p.,  but  when 
cutting  through  hard  spots  on  the  tires  the  power  required 
jumped  up  as  high  as  22V2.  Under  this  heavy  duty  the  time 
required  for  the  work  was  63  minutes. 

It  is  to  be  noted  that  the  power  required  during  this  per- 
formance was  very  high,  as  the  majority  of  motor-driven 
wheel  lathes  in  use  in  this  country  are  equipped  with  T'o-h.p. 
motors.  We  are  pleased  to  learn  also  that  the  method  of  driv- 
ing through  cone  pulleys,  arranged  with  close  centers  and  no 
adjustment  for  tightening  the  belt,  is  proving  very  satisfac- 
tory. We  are  indebted  to  Mr.  F.  M.  Cox,  formerly  master 
mechanic  of  the  above-mentioned  shops  and  now  superintend- 
ent of  the  Milwaukee  Electric  Company,  for  this  correction 
and   interesting  information. 


Mr.  E.  H.  Symington,  formerly  connected  with  the  T.  H. 
Symington  Company,  of  Baltimore,  is  now  associated  with  the 
Railway  Appliances  Company,  of  Chicago,  as  manager  of  the 
Symington  journal-box  and  dust-guard,  the  Railway  -Appli- 
ances Company  being  agents  for  th?  Chicago  territory. 
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EDITORIAL    ANNOUNCEMENTS. 

Aii,Tertl»«mentii.— Nothing  mil  be  inserted  in  this  journal  for  pay,  EXCEPT 
IN  THI  ADVERTISING  PAGES.  The  reading  ptioes  will  contain  only  siuh 
matter  as  we  consider  of  interest  to  our  readers. 

Contributions.— vir(icJ«  relating  to  railway  rolling  stock  constnution  and 
management  and  kindred  topics,  by  those  who  are  practically  acquainted 
imth  these  subjects,  are  specially  desired.  Also  early  notices  oj'  official  changes, 
and  additions  of  new  equipment  for  the  road  or  the  shop,  by  purchase  or 
tomtruction. 


To  Subscribers.— TAs  American  Engineer  and  Railroad  Journal 
is  mailed  reyuhjrly  to  every  subscriber  each  mouth.  Any  subscriber  who  fails 
to  receitte  his  paper  ought  at  once  to  7iotify  the  postmaster  at  the  office  of 
dsUvery,  and  i?i  case  the  paper  is  not  then  obtained  this  ojfice  should  be 
not^flea,  so  that  the  missing  paper  may  be  supplied.  Wlien  a  sub- 
'  serlber  eliansEes  bis  address  he  cntght  to  notify  this  oj^e  at  onee,  so 
that  the  paper  may  be  sent  to  the  proper  destiruxtion. 


THE  METRIC  SYSTEM. 


At  the  conventions  of  the  Master  Mechanics'  and  Master 
Car  Builders'  associations  the  question  of  the  metric  system 
was  handled  promptly-  and  ■  decisively.  There  is  no  possible 
excuse  for  prolonged  discussion  on  this  subject  at  this  time. 
Those  who  do  not  now  know  how  they  stand  will  never  know 
and  a  lot  of  time  has  been  lost  by  prolonged  debates.  It  was 
well  to  vote  and  then  pass  on  to  other  matteTs.  The  vote 
was  almost  unanimous  in  both  associations  and  adverse  to 
the  proposed  legislation  looking  toward  the  compulsory  use 
of  the  system  in  the  departments  of  the  Government. 

The  metric  system  must  eventually  stand  upon  its  merits. 
If  it  is  good  it  will  come  into  universal  use.  If  it  is  not  good 
it  will  not  do  so.  Thus  far  experience  seems  to  show  that  no 
existing  system  is  sufficiently  perfect  to  warrant  universal 
adoption. 


THREE    CONVENTIONS    AT    SARATOGA. 


Master  Mechanics'  Association. 


With  97  new  members,  a  new  scholarship  at  the  disposal 
of  the  association,  a  fund  for  scientific  testing  inaugurated  by 
the  Jerome  Wheelock  legacy  and  the  locomotive  tests  at  the 
St.  Louis  Exposition  in  prospect,  this  convention  may  be  said 
to  be  an  epoch-making  one.  Besides  these  important  factors, 
the  convention  itself  was  most  successful.  The  younger  men 
are  taking  hold  vigorously  and  the  discussions  took  a  new 
form.  There  was  comparatively  little  of  the  old  "experience 
meeting"  about  them,  and  often  fundamental  principles  were 
touched,  which  means  murh  to  the  future  of  the  organization. 
For  example,  the  discussion  of  the  new  tool  steels  developed 


the  fact  that  an  improvement  of  this  kind  induces  others. 
The  study  of  cuts,  feeds  and  speeds  brought  out  the  far  more 
important  factor  of  time  spent  in  getting  ready  to  take  cuts 
in  the  machines,  a  field  for  a  vast  amount  of  far-reaching 
improvement. 

In  the  subject  of  electr-jc  driving  of  shops,  two  new  prin-  ■ 
ciples  were  stated,  and  it  is  believed  that  they  have  not  been 
stated  before  and  that  both  are  true,  viz.,  that  an  improve- 
ment of  21/2  per  cent,  in  output  will  pay  the  cost  of  variable 
speeds  on  motor-driven  tools  and  that  if  machine  tools  are 
furnished  ready  for  motor  attachment  without  additional  cost 
it  will  cost  no  more  for  individual  driving  of  tools  costing 
$250  or  more  than  for  belting  and  countershafting.  These 
statements  will  give  food  for  thought  to  machine-tool  builders, 
electric  experts  and  shop  managers.  If  not  controverted  they 
will  exert  a  powerful  influence  on  future  practice. 

Locomotive  failures  due  to  leaky  tubes  was  unquestionably 
the  most  important  subject  concerning  locomotive  operation. 
This  discussion  was  cut  too  short  for  lack  of  time,  but  the 
matter  is  in  the  hands  of  a  strong  committee  empowered  to 
secure  data  for  next  year.  Mr.  O.  H.  Reynolds  called  attention 
to  the  degree  to  which  present  practice  has  departed  from 
the  ideas  of  boiler  proportions  held  by  such  men  as  D.  K. 
Clark,  and  it  is  time  the  locomotive  boiler  should  be  studied 
and  developed  for  the  severe  work  it  is  called  upon  to  per- 
form. The  discussion  of  this  subject  promises  much  for  the 
future  of  American  locomotives.  It  is  necessary  in  somg  way 
to  secure  reserve  boiler  power  to  avoid  working  boilers  "to 
death"  in  ordinary  service.  Something  must  be  done  to  change 
the  condition  which  makes  it  necessary  for  round  houses  to 
be  full  of  boiler  makers  the  country  over. 

An  opportunity  for  which  the  railroad  world  has  been  wait- 
ing is  offered  by  the  decision  of  the  Pennsylvania  Railroad 
to  include  in  its  exhibit  at  the  St.  Louis  Exposition  the  new 
locomotive  testing  plant.  Under  the  direction  of  Mr.  Willard 
A.  Smith,  chief  of  the  transportation  exhibits,  the  plant  will 
be  amply  provided  for  and  it  will  be  kept  busy  with  tests  of 
American  and  foreign  locomotives  for  the  seven  months  of 
the  exposition.  The  exhibit  will  be  under  the  efficient  charge 
of  Mr.  F.  D.  Casanave,  formerly  general  superintendent  of 
motive  power  of  this  road.  The  plans  and  even  construction 
of  the  plant  are  now  under  way.  The  American  Society  of 
Mechanical  Engineers  will  be  represented  in  the  tests  by  Prof. 
Goss,  Mr.  B.  M.  Herr  and  J.  E.  Sague.  The  Master  Mechanics' 
Association  by  Messrs.  F.  H.  Clark,  H.  H.  Vaughan  and  C.  H. 
Quereau.  It  is  fitting  that  Prof.  Goss  should  be  permanent 
chairman  of  this  joint  committee,  as  he  was  the  first  to  show 
the  locomotive  testing  plant  to  be  a  success. 

An  additional  scholarship  placed  at  the  disposal  of  the  asso- 
ciation was  a  feature  of  this  convention.  Messrs.  Jos.  T. 
Ryerson  &  Son,  Chicago,  have  set  a  worthy  example  by  pro- 
viding a  fund  from  which  f600  will  be  available  for  four 
years  to  defray  the  expenses  of  a  student  at  one  of  the  tech- 
nical schools.  The  candidate  must  be  a  graduate  of  a  high 
school,  an  employee  in  a  shop  under  the  jurisdiction  of  a 
member  of  the  Master  Mechanics'  Association,  and  he  must 
be  in  good  health.  There  is  no  restriction  as  to  schools 
selected,  and  while  there  is  no  legal  obligation  to  repay  the 
money,  it  is  to  be  understood  as  "a  debt  of  honor,  to  be  returned 
if  circumstances  permit."  The  donors  express  the  hope  that 
this  may  become  the  nucleus  of  a  large  fund  to  be  made  up 
of  contributions  from  those  who  have  been  benefited.  This 
generous  action  is  worthy  of  the  highest  commendation. 

Tbis  year  and  last  have  brought  a  new  significance  to  the 
exhibits  at  the  conventions.  The  exhibits  reflect  increasing 
efforts  to  follow  the  needs  of  the  railroads  and  produce  that 
which  will  meet  the  requirements.  This  has  brought  satis- 
factory response  from  the  railroad  men.  Tke  cursory  exam- 
inations of  former  years  do  not  now  suffice.  The  larger  roads 
now  send  a  number  of  representatives.  This  is  also  noticed 
in  connection  with  the  large  systems  of  roads.  These  men 
meet  by  appointment  and  make  a  thorough  study  of  the 
exhibits,  assembling  afterwards  for  a  conference  to  compare 
notes  and  review  Impressions.     The  writer  was   invited  to 
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join  three  such  groups  and  is  sure  that  nothing  on  the  grounds 
was  missed.  Until  last  year  this  sort  of  thing  was  not  so 
noticeable.  This  tendency  is  encouraging.  It  is  apparent 
that  the  convention  exhibits  bear  a  closer  relation  to  the 
work  of  both  of  the  associations  than  ever  before,  and  that 
they  are  becoming  increasingly  important. 

The  sentiment  generally  expressed  at  Saratoga  favors  St. 
Louis  as  the  place  for  the  next  convention.  Already  guaran- 
tees have  been  made  for  satisfactory  accommodations  and 
the  exposition,  with  its  unusual  facilities  for  studying  trans- 
portation exhibits,  together  with  the  locomotive  testing  plant, 
render  it  most  desirable  to  hold  the  conventions  there.  It  is 
to  be  hoped,  however,  that  arrangements  may  be  made  to 
hold  them  in  May  or  early  in  June  and  before  the  advent  of 
the  hottest  weather;  also  that  no  pains  will  be  spared  to 
secure  a  suitable  hall  for  the  conventions  and  avoid  the  serious 
effect  of  the  unsatisfactory  hall  this  year  at  Saratoga. 


American  Society  of  Mechanical  Engineers. 


Master  Car   Builders'   Association. 


While  all  three  conventions  were  hurried  by  long  pro- 
grammes, this  fault  was  most  noticeable  in  this  one.  A  num- 
ber of  topical  discussions  were  left  out,  and  their  value  to 
a  large  extent  was  lost.  It  would  be  a  good  plan  to  print  the 
presentations  of  topical  subjects  for  distribution  with  the  ad- 
vance copies  of  papers  and  reports.  Their  effect  would  not 
then  be  lost  in  case  they  are  crowded  out  of  the  sessions. 

This  leads  to  a  remark  that  the  only  discussion  of  steel 
cars  this  year  was  a  topical  one,  and  yet  this  is  one  of  the 
most  important  problems  before  the  association.  A  rather 
unfair  impression  may  be  derived  from  the  discussion  this 
year.  Steel  cars  are  not  perfect,  but  several  speakers  ex- 
pressed themselves  in  such  a  way  as  to  give  the  Impression 
that  they  are  far  from  satisfactory.  This  is  not  the  case,  and 
those  who  use  the  largest  number  of  steel  cars  said  nothing 
of  this  kind.  It  is  not  claimed  that  all  steel  cars  are  satis- 
factory, but  that  careful  design  results  in  the  best  equipment 
ever  built  when  steel  or  composite  construction  is  used  will  not 
be  questioned.  An  example  in  point  is  the  remarkable  series 
of  composite  cars  on  the  Norfolk  &  Western,  which  has  often 
been  referred  to  in  these  columns.  It  must  be  remembered  that 
wbile  the  earlier  designs  of  steel  cars  were  made  by  railroads, 
at  present  this  matter  is  almost  entirely  in  the  hands  of  the 
manufacturers.  That  this  subject  is  now  treated  only  in  a 
topical  discussion  is  rather  a  reflection  on  the  association. 
In  fact,  the  M.  C.  B.  Association,  as  an  organization,  cannot 
be  said  to  have  kept  in  the  closest  touch  with  steel  cars.  It 
may  have  been  better  to  leave  the  problems  to  the  manufac- 
turers.    The  fact  is  that  this  has  been  the  rule. 

Just  now  an  opportunity  is  presented  for  good  work  in 
steel  frame  design  in  connection  with  the  standard  car,  and 
this  is  a  problem  which  the  association  only  can  solve. 
Whatever  individual  opinions  of  the  business  question  In- 
volved in  steel  frame  construction  may  be,  it  must  be  admitted 
that  on  many  roads  it  is  justified  and  that  a  large  number 
of  such  cars  will  be  built.  Therefore  it  seems  necessary  to 
provide  for  both  wooden  and  steel-frame  cars  in  the  prepara- 
tion of  standard  designs.  Progress  on  the  standard  car  must 
necessarily  be  made  thoroughly  and  carefully,  but  if  the  fact 
Is  appreciated  that  this  is  the  greatest  opportunity  of  the 
association  to-day  the  utmost  possible  progress  will  be  made. 

While  many  other  subjects  might  be  commented  upon,  only 
one  more  may  be  mentioned  here — the  movement  toward  2-in. 
train  lines  for  heating  passenger  cars.  This  marks  a  radical 
reconstruction  of  practice  in  steam  heating  of  passenger 
trains  and  it  will  undoubtedly  lead  to  the  careful  overhauling 
which  has  become  necessary  through  the  rapid  advances  in 
train  operation,  with  which  heating  systems  have  not  kept 
up.  The  manufacturers  of  this  equipment  are  somewhat  in 
advance  of  the  railroads  and  the  discussion  this  year  prom- 
ises a  renewal  of  attention  which  has  become  necessary. 

Space  permits  but  a  brief  reference  to  the  fact  that  the 
very  large  attendance  and  spirited  interest  in  the  subjects 
combined  to  make  this  a  most  successful  convention. 


That  the  recent  Saratoga  meeting  was  successful  was  appar- 
ent to  everyone  in  attendance.  Arrangements  for  entertain- 
ment and  excursions  were  admirable,  the  only  regrettable 
feature  being  a  hall  near  a  busy  railroad  track  and  with  poor 
acoustic  properties.  The  programme  was  too  long  for  adequate 
discussion  of  some  papers,  but  if  the  members  were  prepared 
to  present  discussions  in  concise  and  time-saving  form  there 
would  have  been  time  for  all. 

The  event  of  the  meeting  was  the  reception  of  an  entirely 
new  constitution,  which  had  been  prepared  by  a  special  com- 
mittee, and  was  ordered  submitted  to  letter  ballot  practically 
without  discussion  and  without  dissent.  This  was  a  remark- 
able achievement.  The  secret  lay  in  the  report  itself,  for 
which  great  credit  is  due  Mr.  C.  W.  Hunt,  chairman  of  the 
committee,  and  also  in  the  fact  that  every  member  had  been 
given  an  opportunity  to  express  to  the  committee  his  views 
of  the  preliminary  draft  before  its  final  presentation. 

At  this  meeting  the  results  of  a  letter  ballot  to  ascertain 
the  views  of  the  members  on  the  subject  of  the  metric  system 
was  announced.  A  total  of  514  members  voted,  of  whom  3  to  1 
were  opposed  to  the  metric  system  and  to  any  legislation  in 
favor  of  its  adoption.  It  is  to  be  hoped  that  this  action  has 
effectually  buried  the  metric  system  as  far  as  this  organiza- 
tion is  concerned. 

Discussion  upon  the  paper  by  Mr.  Blood  on  the  subject  of 
train  resistance  formulae  was  not  at  all  satisfactory.  The 
author  made  clear  the  necessity  for  better  formula;,  but  the 
fact  that  a  dynamometer  car  is  really  required  for  any  im- 
portant work  was  not  clearly  brought  out. 

Among  the  many  subjects  before  this  meeting,  that  of  shop 
management  was  of  transcendent  importance.  It  was  treated 
in  three  separate  papers — "The  Machine  Shop  Problem,"  by 
Charles  Day;  "A  Graphical  Daily  Balance,"  by  H.  L.  Gantt, 
and  "Shop  Management,"  by  F.  W.  Taylor.  The  first  of  these 
stood  for  proper  organization,  suitable  equipment  and  good 
management.  The  second  made  a  strong  point  for  exact 
knowledge  of  the  condition  of  the  work  in  shops  and  a  record 
which  would  enable  the  management  to  know  exactly  what 
was  on  time  and  What  delayed,  and  to  know  this  every  day. 
The  third  took  the  ground  of  large  wages  for  large  output 
This  paper  by  Mr.  Taylor  is  a  monumental  work  and  one 
which  is  thoroughly  worthy  of  study.  Its  length  forbids  ab- 
stracting and  the  reader  is  recommended  to  procure  the  paper 
itself  from  P.  R.  Hutton,  secretary  of  the  society,  12  West 
Thirty-first  street,  New  York.  This  paper  is  a  description  of 
the  methods  of  Mr.  Taylor,  and  it  discusses  the  problem  of 
the  payment  for  labor  in  a  masterly  way.  Mr.  Taylor  goes 
into  interesting  details  as  to  his  elaborate  methods  of  "time 
study,"  which  is  the  foundation  of  his  work.  He  also  dis- 
cusses the  inducements  which  must  be  offered  in  order  to 
lead  men  to  do  their  best,  and  quotes  results.  Mr.  Taylor 
writes  and  speaks  of  his  methods  with  the  force  of  personal 
conviction,  and  besides  his  actual  accomplishments  he  will 
undoubtedly  lead  many  to  follow  more  systematic  methods  of 
studying  the  elements  of  work  without  which  correct  prices 
cannot  be  established.  The  discussion  drifted  into  the  subject 
of  trades  unionism,  which  is  a  most  important  factor  In  shop 
management.  As  a  whole,  this  discussion  was  one  of  the 
most  important  and  valuable  ever  had  in  the  society.  It 
brought  out  the  fact  that  many  bright  men  are  earnestly 
attempting  to  solve  the  problem   of   shop  management 

Of  the  remaining  subjects,  the  most  noteworthy  was  that 
of  the  steam  turbine  as  described  by  Mr.  F.  A.  Waldron.  This 
paper  will  he  presented  in  abstract.  It  shows  conclusively 
that  the  steam  turbine  has  literally  leaped  into  a  position 
before  the  mechanical  world  which  entitles  it  to  complete 
confidence  as  a  satisfactory  steam  engine.  While  susceptible 
of  Improvement,  it  is  now  satisfactory  and  is  likely  to  at 
once  take  a  very  prominent  place  for  work  to  which  it  Is 
adapted. 

Lack  of  space  prevents  further  comment  on  tills  very  suc- 
cessful meeting. 
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AMERICAN  ENGINEER  TESTS. 

Locomotive  Draft  Appliances. 

bepoet  by  pkofessoe  goss. 


XVXII. 


Continued  from  Page  241. 

43.  A  Tabulated  Statement  of  Stack  Diameters.— Experience 
having  shown  that  equations,  however  simple  in  form  are  less 
convenient  than  tabulated  results  derived  therefrom  it  has 
seemed  best  to  present  herewith  the  conclusions  of  the  stack 
tests  in  tabulated  form.  In  preparing  the  tables  it  has  seemed 
wise  to  cover  a  range  of  dimensions  embraced  by  wide  limits 
For  this  reason  the  minimum  diameter  of  front-end  is  30  ins 
and  the  maximum  90  ins.,  and  the  stack  heights  are  made  to 
vary  from  16  to  66  ins. 

It  should  be  evident  to  any  one  who  has  followed  the  dis- 
cussions of  the  preceding  paragraphs  that  the  values  given  in 
the  table  have  not  in  all  cases  been  determined  by  experi- 
ments, but  are  those  derived  from  the  formulae  based  on  the 
results  of  experiments  as  presented  in  the  preceding  article 
(Paragraph  41.).  The  values  which  in  the  tables  appear  in 
heavy  faced  type  are  experimental  results;  all  others  are  de- 
rived. Tables  XVI.  to  XXI.,  inclusive,  give  values  for  straight 
stacks,  each  table  representing  a  different  height. 

TABLE  XVI. 

Straight   Stacks. 

piameter   of   Stack   when   Its   Height   Above   Boiler   Is   16   Ins 

oTsonel-''     °''''°''  ^^'""^^  ^^"'Sf.  Line  of  Boiler  and  Top  of  Exhaust 

Diameter  ^-Tip  Below  Center--,   "t^  on"'^.^!!_Tip  Above  Center , 

10         5      Center     5  10        15         20         25 


in  Ids.      20 


15 


30 

10.6 

32 

11.1 

34 

11.6 

36 

12.1 

38 

13.6 

12.6 

40 

14.2 

13.2 

42 

14.7 

13.7 

44 

15.2 

14.2 

46 

15.7 

14.7 

48 

16.2 

15.2 

50 

16.8 

15.8 

52 

17.3 

16.3 

M 

17.8 

16.8 

56 

18.3 

17.3 

58 

18.8 

17.S 

60 

19.4 

IS. 4 

62 

19.9 

18.9 

64 

20.4 

19.4 

66 

20.9 

19.9 

68 

21.4 

20.4 

70 

2.20 

21.0 

72 

22.5 

21.5 

74 

23.0 

22.0 

76 

23.5 

22.5 

78 

24.0 

23.0 

80 

24.6 

23.6 

82 

25.1 

24.1 

84 

25.6 

24.6 

86 

26.1 

25.1 

88 

26.5 

25.6 

90 

27.2 

26.2 

9.7 
10.2 
10.7 
11.2 
11.7 
12.3 
12.8 
13.3 
13.7 
14.3 
14.9 
15.4 

15.9 

16.4 
16.9 
17.5 
18.0 
18.5 
19.0 
19.5 
20.1 
20.6 
21.1 
21.6 
22.1 
22.7 
23.2 
23.7 
24.2 
24.7 
25.3 


8.7 
9.2 
9.7 

10.2 

10.7 

11.3 

11.8 

12.3 

12.7 

13.3 

13.9 

14.4 

14.9 

15.4 
15.9 
16.5 
17.0 
17.5 
18.0 
18.5 
19.1 
19.6 
20.1 
20.6 
21.1 
21.7 
22.2  . 
22.7 
23.2 
23.7 
24.3 
TABLE 


7.8 

8.3 

8.8 

9.3 

9.8 
10.4 
10.9 
11.4 
11.9 
12.4 
13.0 
13.5 

\u 

14.6 
15.0 
15.6 
16.1 
16.6 
17.1 
17.6 
18.2 
18.7 
19.2 
19.7 
20.2 
20.8 
21.3 
21.8 
22.3 
22.8 
23.4 
XVII 


6.9 

7.4 

7.9 

8.4 

8.9 

9.5 

10.0 

10.5 

11.0 

11.5 

12.1 

12.6 

13.1 

13. 6 
14.1 
14.7 
15.2 
15.7 
16.2 
16.7 
17.3 
17.8 
18.3 
18.8 
19.3 
19.9 
20.4 
20.9 
21.4 
21.9 
22.5 


10 

5.9 

6.4 

6.9 

7.4 

7.9 

8.5 

9.0 

9.5 

10.0 

10.5 

11.1 

11.6 

12.1 

12.6 

13.1 
13.7 
14.2 
14.7 
15.2 
15.7 
16.3 
16.S 
17.3 
17.8 
18.3 
18.9 
19.4 
19.9 
20.4 
20.9 
21.5 


7.0 
7.6 
8.1 
8.6 
9.1 
9.6 
10.2 
10.7 

11.2 

11.7 
12.2 
12.8 

13.3 
13.8 
14.3 
14.8 
15.4 
15.9 
16.4 
16.9 
17.4 
18.0 
18.5 
19.0 
19.5 
20.0 
20.6 


8.1 
8.6 
9.2 
9.7 

10.2 

10.7 
11.2 
11.8 
12.3 
12.8 

13.3 

13.8 
14.4 
14.9 
15.4 
15.9 
16.4 
17.0 
17.5 
18.0 
18.5 
19.0 
19.6 


■9.3 

9.8 
10.3 
10.9 
11.4 
ll.S 
12.4 
12.9 
13.5 
14.0 
14.5 
15.0 
15.5 
16.1 
16.6 
17.1 
17.6 
18.1 
18.7 


Straight   Stacks. 
Diameter  of   Stack   when   Its  Height   Above   Boiler   Is    26   Ins. 
^n?nr,^^^     Distance  Between  Center  Line  of  Boiler  and  Top  of  Exhaust 
otuoijer  Tip.      Inches. 

\TllT  Tn^'"  ^1'°"  9^rv°'^'-7>     V^  °°    ' Tip  Above  Center , 

in  Ins.      20         15        10         5      Center     5  10        15         20         25 


30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 

54 

56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
»0 


14.4 
15.1 
15.6 
16.2 
16.7 
17.3 
17.8 
18.3 

18.8 

19.3 
19.9 
20.4 
21,0 
21.5 
22.1 
22.6 
23.2 
23.7 
24.3 
24.8 
25.4 
25.9 
26.5 
27.0 
27.7 
28.1 
29.8 


11.2 

10.5 

11.7 

10.7 

12.2 

11.3 

12.8 

11.9 

13.4 

12.5 

14.1 

13.2 

14.6 

13.7 

15.2 

14.3 

15.7 

14.8 

16.3 

15.4 

16.8 

15.9 

17.3 

16.4 

17.8 

16.9 

18.3 

17.4 

18.9 

18.0 

19.4 

18.5 

20.0 

19.1 

20.5 

19.6 

21.1 

20.2 

21.6 

20.7 

22.2 

21.3 

22.7 

21.8 

23.3 

22.4 

23.8 

22.9 

24.4 

23.5 

24.9 

24.0 

25.5 

24.6 

26.0 

25.1 

26.7 

25.8 

27.1 

26.2 

28.8 

27.8 

9.3 
9.7 
10.3 
10.9 
11.5 
12.1 
12.7 
13.3 
13.8 
14.4 
14.9 
15.4 

15.9 

16.4 
17.0 
17.5 
18.1 
18.6 
19.2 
19.7 
20.3 
20.8 
21.4 
21.9 
22.5 
23.0 
23.6 
24.1 
24.8 
25.2 

2e.» 


8.4 
8.9 
9.4 
10.0 
10.6 
11.2 
11.8 
12.4 
12.9 

13.5 

14.0 
14.5 

15.0 

15.5 
16.1 
16.6 
17.2 
17.7 
18.3 
18.8 
19.4 
19.9 
20.5 
21.0 
21.6 
22.1 
22.7 
23.2 
23.9 
24.3 
26.0 


7.5 

8.0 

8.5 

9.1 

9.7 

10.3 

10.9 

11.5 

12.0 

12.6 

13.1 

13.6 

14.1 

14.6 
15.2 
15.7 
16.3 
16.8 
17.4 
17.9 
18.5 
19.0 
19.6 
20.1 
20.7 
21.2 
21.8 
22.3 
23.0 
23.4 
21.1 


6.5 

7.0 

7.5 

8.1 

8.7 

9.3 

9.9 

10.5 

11.0 

11.6 

12.1 

12.6 

13.1 

13.6 
14.2 
14.7 
15.3 
15.8 
16.4 
16.9 
17.5 
18.0 
18.6 
19.1 
19.7 
20.2 
20.8 
21.3 
22.0 
22.4 
23.* 


7.8 

8.4 

9.0 

9.6 

10.1 

10.7 

11.2 

11.7 

12.2 

12.7 

13.3 
13.8 
14.4 
14.9 
15.5 
16.0 
16.6 
17.1 
17.7 
18.2 
18.8 
19.3 
19.9 
20.4 
21.1 
21.5 

22.2 


9.1 
9.7 

10.2 
in. 7 

11.2 

11.7 
12.3 
12.8 

13.4 
13.9 
14.5 
15.0 
15.6 
16.1 
16.7 
17.2 
17.8 
18.3 
18.9 
19.4 
20.1 
20.5 
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10.3 

10.8 
11.4 
11.9 
12.5 

13.0 
13.6 
14.1 
14.7 
15.2 
15.8 
16.3 
16.9 
17.4 
18.0 
18.5 
19.2 
19.6 

20.8 


TABLE   XVIII. 

Straight  Stacks. 

Diameter  of  Stack  when   Its  Height  Above  Boiler  Is  36  Ins. 

Front  End     Distance  Between  Center  Line  of  Boiler  and  Top  of  Exhaust 


of  Boiler 

Tin.      Inches. 

Diameter 

Tip  on 
Center 

K           r 

in  Ins. 

20 

15 

10 

5 

5 

10         15         20 
6.8      

25 

30 

11.5 

10.6 

9.6 

8.7 

7.8 

32 

.... 

12.0 

11.1 

10.1 

9.2 

8.3 

7.3 

34 

12.6 

11.7 

10.7 

9.8 

8.9 

7.9 

36 

13.2 

12.3 

11.3 

10.4 

9.5 

8.5 

38 

i'4.8 

13.8 

12.9 

11.9 

11.0 

10.1 

9.1 

8.2 

40 

15.4 

14.4 

13.5 

12.5 

11.6 

10.7 

9.7 

8.8 

42 

15.9 

14.9 

14.0 

13.0 

12.1 

11.2 

10.2 

9.3 

44 

16.7 

15.7 

14.6 

13.6 

12.7 

11.8 

10.8 

9.9 

46 

17.1 

16.1 

15.2 

14.2 

13.3 

12.4 

11.4 

10.5 

9.5      

48 

17.7 

16.7 

15.8 

14.8 

13.9 

13.0 

12.0 

11.1 

10.1      

50 

18.2 

17.2 

16.3 

15.3 

14.5 

13.6 

12.6 

11.7 

10." 

.... 

52 

IS.S 

17.8 

16.9 

15.9 

15.0 

14.1 

13.1 

12.2 

11.2      .... 

54 

19.4 

18.4 

17.5 

16.5 

15.6 

14.7 

13.7 

12.8 

11.8    10.9 

56 

20.0 

19.0 

18.1 

17.1 

16.2 

15.3 

14.3 

13.4 

12.4  11.5 

58 

20.6 

19.6 

18.7 

17.7 

16.8 

15.9 

14.9 

14.0 

13.0     12.1 

60 

21.2 

20.2 

19.3 

18.3 

17.4 

16.5 

15.5 

14.6 

13.6     12.7 

62 

21.7 

20.7 

19.8 

18.8 

17.9 

17.0 

16.0 

15.1 

14.1     13.2 

64 

22.3 

21.3 

20.4 

19.4 

18^5 

17.6 

16.6 

15.7 

14.7      13.8 

66 

22.9 

21.9 

21.0 

20.0 

19.1 

1S.2 

17.2 

16.3 

15.3      14.4 

68 

23.5 

22.5 

21.6 

20.6 

19.7 

18.8 

17.8 

16.9 

15.9      15.0 

70 

24.1 

23.1 

22.2 

21.2 

20.3 

19.4 

18.4 

17.5 

16.5      15.6 

72 

24.6 

23.6 

22.7 

21.7 

20.8 

19.9 

18.9 

18.0 

17.0      16.1 

74 

25.2 

24.2 

23.3 

22.3 

21.4 

20.5 

19.5 

18.6 

17.6      16.7 

76 

25.8 

24.8 

23.9 

22.9 

22.0 

21.1 

20.1 

19.2 

18.2      17.3 

78 

26.4 

25.4 

24.5 

23.5 

22.6 

21.7 

20.7 

19.8 

18. f 

17.9 

80 

27.2 

26.2 

25.3 

24.3 

23.2 

22.3 

21.3 

20.4 

19.' 

18.6 

82 

27.5 

26.5 

25.6 

24.6 

23.7 

22.8 

21.8 

20.9 

19.S 

19.0 

84 

28.1 

27.1 

26.2 

25.2 

24.3 

23.4 

22.4 

21.5 

20.5      19.6 

86 

28.7 

27.7 

26.8 

25.8 

24.9 

24.0 

23.0 

22.1 

21.] 

20.2 

88 

29.3 

28.3 

27.4 

26.4 

25.5 

24.6 

23.6 

22.7 

21.' 

20.8 

90 

29.9 

28.9 

28.0 

27.0 

26.1 

25.2 

24.2 

23.3 

22.1 

21.4 

TABLE  XIX 

Straight   Stack 

s. 

Diameter  of  Stack  when   Its  Height  Above  Boiler  Is  46  Ins. 
Front  End     Distance  Between  Center  Line  of  Boiler  and  Top  of  Exhaust 
of  Boiler  Tip.      Inches. 

Diameter  , — Tip  Below  Center — >     Tip  on    , Tip  Above  Center , 

in  Ins.      20         15        10  5      Center     5  10         15         20         25 


30 
32 
34 
-36 
38 
40 
42 
44 
46 
48 
50 
52 


15.2 
15.8 
15.5 
17.1 
17.7 
18.3 
18.9 
19.5 


54   19.1 


56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 


20.7 
21.3 
21.9 
22.5 
23.1 
23.7 
24.3 
24.9 
25.5 
26.1 
26.7 
27.3 
27.9 
28.5 
29.1 
29.7 
30.3 
30.9 


11.8 
12.4 
13.0 
13.6 
14.2 
14.8 
15.5 
16.1 
16.7 
17.3 
17.9 
18.5 

18.1 

19.7 
20.3 
20.9 
21.5 
22.1 
22.7 
23.3 
23.9 
24.5 
25.1 
25.7 
26.3 
26.9 
27.5 
28.1 
28.7 
29.3 
29.9 


10.9 
11.5 
12.1 
12.7 
13.3 
13.9 
14.6 
15.2 
15.8 
16.4 
17  0 
17.6 

18.2 

18.8 
19.4 
20.0 
20.6 
21.2 
21.8 
22.4 
23.0 
23.6 
24.2 
24.8 
25.4 
26.0 
26.6 
27.2 
27.8 
28.4 
29.0 


9.9 

10.5 
11.1 
11.7 
12.3 
12.9 
13.6 
14.2 
14.8 
15.4 
16.0 
16.6 

17.2 

17.8 
18.4 
19.0 
19.6 
20.2 
20. S 
21.4 
22.0 
22.6 
23.2 
23.8 
24.4 
25.0 
25.6 
26.2 
26.8 
27.4 
28.0 


9.0 
9.6 

10.2 
10.8 
11.4 
12.0 
12.7 
13.3 
13.9 
14.5 
15.1 
15.7 

16.3 

16.9 
17.5 
18.1 
18.7 
19.3 
19.9 
20.5 
21.1 
21.7 
22.3 
22.9 
23.5 
24.1 
24.7 
25.3 
25.9 
26.5 
27.1 


8.1 

8.7 

9.3 

9.9 

10.5 

11.1 

11.8 

12.4 

13.0 

13.6 

14.2 

14.8 

15.4 

16.0 
16.6 
17.2 
17.8 
18.4 
19.0 
19.6 
20.2 
20.8 
21.4 
22.0 
22.6 
23.2 
23.8 
24.4 
25.0 
25.6 
26.2 


7.1 

7.7 

8.3 

8.9 

9.5 

10.1 

10.8 

11.4 

12.0 

12.6 

13.2 

13.8 

14.4 

15.0 
15.6 
16.2 
16.8 
17.4 
18.0 
18.6 
19.2 
19.8 
20.4 
21.0 
21.6 
22.2 
22.8 
23.4 
24.0 
S4.6 
25.2 


8.6 
9.2 
9.9 
10.5 
11.1 
11.7 
12.3 
12.9 

13.5 

14.1 
14.7 
15.3 
15.9 
16.5 
17.1 
17.7 
18.3 
18.9 
19.5 
20.0 
20.7 
21.3 
21.9 
22.5 
23.1 
23.7 
24.3 


10.1 
10.7 
11.3 
11.9 

12i 

13.1 
13.7 
14.3 
14.9 
15.5 
16.1 
16.7 
17.3 
17.9 
18.5 
19.1 
19.7 
20.3 
20.9 
21.5 
22.1 
22.7 
23.3 


U.6 

12.2 
12.8 
13.4 
14.0 
14.8 
15.2 
15.8 
16.4 
17.0 
17.8 
18.2 
18.8 
19.4 
20.0 
20.6 
21.2 
21.8 
22.4 


TABLE  XX. 


Straight  Stacks. 
Diameter  of  Stack  when  Its  Height  Above  Boiler  Is  56  Ins. 
Front  End     Distance  Between  Center  Line  of  Boiler  and  T»p  •f  Exhaust 
of  Boiler  Tip.     Inches. 


Diameter 

, — Tip  Below  Center — , 

Tip  on 

f — — 

—Tip  Above  Center- 

~> 

in  Ins. 

20 

15 

10 

5 

Center 

5 

10 

15 

20 

25 

30 

12.2 

11.3 

10.3 

9.4 

8.5 

7.5 

.... 

32 

12.8 

11.9 

10.9 

10.0 

9.1 

8.1 

•  . .  < 

34 

13.4 

12.5 

11.5 

10.6 

9.7 

8.7 

.... 

36 

14.2 

13.3 

12.3 

11.3 

10.4 

9.4 

.... 

38 

15.7 

14.7 

13.8 

12.8 

11.9 

11.0 

10.0 

9.1 

40 

163 

15.3 

14.4 

13.4 

12.5 

11.6 

10.6 

9.7 

.... 

42 

16.9 

15.9 

15.0 

14.0 

13.1 

12.2 

11.2 

10  3 

.... 

44 

17.6 

16.6 

15.7 

14.7 

13.8 

12.9 

11.9 

11.0 

46 

18.2 

17.2 

16.3 

15.3 

14.4 

13.5 

12.5 

11.6 

10.6 

48 

18.8 

17.8 

16.9 

15.9 

15.0 

14.1 

13.1 

12.2 

11.2 

50 

19.5 

18.5 

17.6 

16.8 

15.7 

14.8 

13.8 

12,9 

11.9 

.... 

52 

20,1 

19.1 

18.2 

17.2 

16.3 

15.4 

14.4 

13.5 

12.5 

54 

20.8  19.8 

18.9 

17.9 

17.0 

16.1 

15.1 

14.2 

13.2 

I2i 

56 

21.4 

20.4 

19.5 

18.5 

17.6 

16.7 

15.7 

14.8 

13.8 

12.9 

58 

22.0 

21.0 

20.1 

19.1 

18.2 

17.3 

16.3 

15.4 

14.4 

13.5 

60 

22.6 

21.6 

20.7 

19.7 

18.8 

17.9 

16.9 

16,0 

15.0 

14.1 

62 

23.2 

22.2 

21.3 

20.3 

19.4 

1S.5 

17.5 

16.6 

15.6 

14.7 

64 

23.8 

22.8 

21.9 

20.9 

20.0 

19.1 

18.1 

17.2 

16.2 

15.3 

66 

24.5 

23.5 

22.6 

21.6 

20.7 

19.8 

18.8 

17.9 

16.9 

16.0 

68 

25.1 

24.1 

23.2 

22.2 

21.3 

20.4 

19.4 

18.5 

17.5 

16.6 

70 

25.7 

24.7 

23.8 

22.8 

21.9 

21.0 

20.0 

19.1 

IS.l 

17.2 

72 

26.4 

25.4 

24.5 

23.5 

22.6 

21.7 

20.7 

19.8 

18.8 

17.9 

74 

27.0 

26.0 

25.1 

24.1 

23.2 

22.3 

21.3 

20.4 

19.4 

18.5 

76 

27.7 

26.7 

25.8 

24.8 

23.9 

23.0 

22.0 

21.1 

20.1 

19.2 

78 

28.3 

27.3 

26.4 

25.4 

24.5 

23.6 

22.6 

21.7 

20.7 

19.8 

80 

28.9 

27.9 

27.0 

26.0 

25.1 

24.2 

23.2 

22.3 

21.3 

20.4 

82 

29.5 

28.5 

27.6 

26.6 

25.7 

24.8 

23.8 

22.9 

21.9 

21.0 

84 

30.1 

29.1 

28.2 

27.2 

26.3 

25.4 

24.4 

23.5 

22.5 

21.6 

86 

30.8 

29.8 

28.9 

27.9 

27.0 

26.1 

25.1 

24.2 

23.2 

22.3 

88 

31.4 

30.4 

29.5 

28.5 

27.6 

26.7 

25.7 

24.8 

23. S 

22.9 

80 

32.0 

31.0 

30.1 

28.}. 

28.2 

27.3 

2().3 

26.4 

24.4 

23.» 

August,  1903.   AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.    303 


TABLE  XXI. 
Straight  Stacks. 


DIaD 

aeter  of  Stack  when  Its 

Height 

Above 

Boiler  Is  66  Ins. 

Front  End 

Distance  Between  Centc 

r  Line 

of  Boiler  and  Top 

of  Exhaust 

of  Boiler 

Til).      Inches. 

Diameter 

r— Tip  Below  Center-^ 

Tip  on 

—Tip  Above  Cente 

in  Ins. 

20 

.15 

10 

B 

Center 

5 

10 

15 

20 

25 

30 

.... 

12.5 

11.6 

10. G 

9.7 

8.8 

7.8 

32 

13.2 

12.3 

11.3 

10.4 

9.5 

8.5 

34 

13.8 

12.9 

11.9 

11.0 

10.1 

9,1 

36 

14.5 

13.6 

12.6 

11.7 

10.8 

9.8 

38 

i'e'.i 

15.1 

14.2 

13.2 

12.3 

11.4 

10.4 

'  9.5 

40 

16.8 

15.8 

14.9 

13.9 

13.0 

12.1 

11.1 

10.2 

42 

17.4 

16.4 

15.5 

14.5 

13.6 

12.7 

11.7 

10.8 

44 

18.1 

17.1 

16.2 

15.2 

14.3 

13.4 

12.4 

11.5 

46 

18.7 

17.7 

16.8 

15.8 

14.9 

14.0 

13.0 

12.1 

i'l. 

'.'.  '.  '. 

48 

19.4 

18.4 

17.5 

16.5 

15.6 

14.7 

13.7 

12.8 

11.8      

50 

20.0 

19.0 

18.1 

17.1 

10.2 

15.3 

14.3 

13.4 

12.4     

52 

20.7 

19.7 

18.8 

17.8 

16.9 

16.0 

15.0 

14.1 

13.1      

54 

21.4 

20.4 

19.5 

185 

17.6 

m 

15.7 

14.8 

13.8  12.9 

56 

22.0 

21.0 

20.1 

19.1 

1,S.2 

17.3 

1G.3 

15.4 

14.4      13.5 

58 

22.7 

21.7 

20.8 

19.8 

3  8.9 

18.0 

17.0 

16.1 

15.1      14.2 

60 

23.3 

22.3 

21.4 

20.4 

in. 5 

18.6 

17.6 

16.7 

15.' 

14.8 

62 

24.0 

23.0 

22.1 

21.1 

20.2 

19.3 

18.3 

17.4 

16.4      15.5 

64 

24.6 

23.6 

22.7 

21.7 

20.8 

19.9 

18.9 

18.0 

17.0      16.1 

66 

25.3 

24.3 

23.4 

22.4 

21.5 

20.6 

19.6 

18.7 

17.7      16.8 

68 

25.9 

24.9 

24.0 

23.0 

22.1 

21.2 

20.2 

19.3 

18.3      17.4 

70 

26.6 

25. G 

24.7 

23.7 

22.8 

21.9 

20.9 

20.0 

19.C 

18.1 

72 

27.2 

26.2 

25.3 

24.3 

23.4 

22.5 

21.5 

20.6 

19.6      18.7 

74 

28.9 

27.9 

26.0 

25.0 

24.1 

23.2 

22.2 

21.3 

20.3      19.4 

76 

28.5 

27.5 

26.6 

25.6 

24.7 

23.8 

22.8 

21.9 

20. £ 

20.0 

78 

29.2 

28.2 

27.3 

26.3 

25.4 

24.5 

23.5 

22.6 

21.6 

20.7 

80 

29.8 

28.8 

27.9 

26.9 

26.0 

25.1 

24.1 

23.2 

22. J 

21.3 

82 

30.5 

29.5 

28.6 

27.6 

26.7 

25.8 

24.8 

23.9 

22.9 

22.0 

84 

31.1 

30.1 

29.2 

28.2 

27.3 

26.4 

25.4 

24.5 

23.E 

22.6 

86 

31.8 

30.8 

29.9 

28.9 

28. 0 

27.1 

26.1 

25.2 

24.2 

23.3 

88 

32.4 

31.4 

30.5 

29.5 

28.6 

27.7 

26.7 

25.8 

24.S 

23.9 

90 

33.1 

32.1 

31.2 

30.2 

29.3 

28.4 

27.4 

26.6 

25. E 

24.6 

TABLE  XXI] 

. 

Taper  Stacks. 
Diameter  at  Chock  of  Stack  for  any  Height  when   Stack  Tapers   2   Ins. 

to  the  Foot. 
Front  End     Distance  Between  Center  Line  of  Boiler  and  Top  of  Exhaust 
of  Boiler  Tip.      Inches. 

Diameter  , — Tip  Below  Center — ^     Tip  on    , Tip  Above  Center 1 

in  Ins.      20         15        10  5      Center     5  10         15         20         25 


30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 


12.7 
13.2 
13.7 
14.2 
14.7 
15.2 
15.7 
16.2 


10.9 
11.4 
11.9 
12.4 
12.9 
13.4 
13.9 
14.4 
14.9 
15.4 


9.1 
9.6 
10.1 
10.6 
11.1 
11.6 
12.1 
12.6 
13.1 
13.6 
14.1 
14.6 


8.3 

8.8 

9.3 

9.8 

10.3 

10.8 

11.3 

11.8 

12.3 

12.8 

13.3 

13.8 


7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 


6.7 

7.2 

7.7 

8.2 

8.7 

9.2 

9.7 

10.2 

10.7 

11.2 

11.7 

12.2 


5.9 

6.4 

6.9 

7.4 

7.9 

8.4 

8.9 

9.4 

9.9 

10.4 

10.9 

11.4 


7.1 
7.6 
8.1 
8.6 
9.1 
9.6 
10.1 
10.6 


54   16.7  15.9  15.1  14.3  13.5  12.7  11.9  11.1 


56 
68 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 


17.2 
17.7 
18.2 
18.7 
19.2 
19.7 
20.2 
20.7 
21.2 
21.7 
22.2 
22.7 
23.2 
23.7 
24.2 
24.7 
25.2 
25.7 


16.4 
16.9 
17.4 
17.9 
18.4 
18.9 
19.4 
19.9 
20.4 
20.9 
21.4 
21.9 
22.4 
22.9 
23.4 
23.9 
24.4 
24.9 


15.6 
16.1 
16.6 
17.1 
17.6 
18.1 
18.6 
19.1 
19.6 
20.1 
20.6 
21.1 
21.6 
22.1 
22.6 
23.1 
23.6 
24.1 


14.8 
15.3 
15.8 
16.3 
16.8 
17.3 
17.8 
18.3 
18.8 
19.3 
19.8 
20.3 
20.8 
21.3 
21.8 
22.3 
22.8 
23.3 


14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
20.5 
21.0 
21.5 
22.0 
22.5 


13.2 
13.7 
14.2 
14.7 
15.2 
15.7 
16.2 
16.7 
17.2 
17.7 
18.2 
18.7 
19.2 
19.7 
20.2 
20.7 
21.2 
21.7 


12.4 
12.9 
13.4 
13.9 
14.4 
14.9 
15.4 
15.9 
16.4 
16.9 
17.4 
17.9 
18.4 
18.9 
19.4 
19.9 
20.4 
20.9 


11.6 
12.1 
12.6 
13.1 
13.6 
14.1 
14.6 
15.1 
15.6 
16.1 
16.6 
17.1 
17.6 
18.1 
18.fi 
19.1 
19.6 
20.1 


8.3 
8.8 
9.3 
9.8 

10.3 

10.8 
11.3 
11.8 
12.3 
12.8 
13.3 
13.8 
14.3 
14.8 
15.3 
15.8 
16.3 
16.8 
17.3 
17.8 
18.3 
18.8 
19.3 


9.5 

10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 


TABLE   XXIII. 
Best  Draft. 
Obtalnalile  Under  Conditions  of  Constant  Speed  and  Cut-Off  with  Differ- 
ent   Heights    of    Stack    in    Connection    with    Different 
Heights  of  Exhaust  Nozzle. 
12  3  4  5  6  7 


Stack  2— D 

Stack   2 — C 

Stack  2 — B 

Stack    2 — A 

Total  difference 


O 
.4.0 
.3.B 
.3.1 
.2.3 


to 

5 


p 

...  4.2 

.5  3.8 

.4  3.2 

.8  2.4 

1.7 


5 


*^     ^ 


a 
..  .   4.0 

.4  3.7 

.6  3.3 

.8  2.6 
1.8 


3  Q 

.  3.9 

3  3.5 

4  3.0 
7  2.4 


Q 
4.0 
3.5 
2.9 
2.2 


=>  a 

.  3.4 

5  3.1 

6  2.5 

7  2.0 


E 
5 

.  3.2 

.3  2.7  .5 

.6  2.2  .5 

.5  1.6  .6 

1.8            1.4  1.6 

44.  Unavoidable  Loss  of  Draft  with  Reduction  in  Height  of 
Stack. — The  equations  already  presented,  together  with  the 
tabulated  statements  based  thereon,  are  assumed  to  give  the 
best  diameter  for  a  stack  of  any  given  height.  They  can  not 
be  depended  upon  to  give  results  which  will  always  be  satis- 
factory under  conditions  which,  greatly  limit  or  restrict  the 
height.  In  general,  the  best  draft  obtainable  from  a  short  stack 
is  inferior  to  that  obtained  from  a  longer  stack.  The  most 
that  can  be  done  when  the  limit  of  height  has  been  fixed  is  to 
determine  a  diameter  which,  in  combination  with  that  height, 
will  give  best  results.  It  is  this  and  this  only  that  the  equa- 
tions, and  the  tables  based  thereon,  are  assumed  to  do. 

The  rate  at  which  the  draft  diminishes  with  each  reduction 


In  height  of  stack  Is  Indicated  by  Figs  103  to  106,  presenting 
results  plotted  in  terms  of  draft  and  stack-height.  In  explana- 
tion of  these  figures  it  should  be  noted  that  the  stack-heights 
represented  are:  Base,  16%  Ins.;  A,  2K'/2  Ins.;  B,  36Vi  Ins.;  C, 
i6V2  ins.,  and  D,  56%  ins.  Figure  103  gives  results  with  the 
smallest  tapered  stack  in  combination  with  the  lowest  nozzle; 
tig.  104  those  for  the  largest  tapered  stack  In  combination 
with  the  lowest  nozzle,  and  Figs.  105  and  106  those  tor  the 
smallest  and  the  largest  tapered  stacks,  respectively,  for  a 
series  of  tests  at  different  cut-offs.  In  all  of  these  figures  It 
will  be  seen  that  there  is  a  marked  decrease  in  the  draft  ob- 
tained for  each  reduction  in  the  height  of  stack.  This  Is  the 
more  significant  when  it  Is  considered  that  these  diagrams 
represent  only  tapered  stacks  and  that  the  diameter  of  the 
choke  of  such  stacks  is  not  required  to  be  changed  when  the 
stack  is  varied  in  height.  It  Is  clear,  therefore,  that  these 
diagrams  confirm  the  statement  already  made  to  the  effect  that 
a  short  stack,  however  well  designed,  must  be  inferior  in  Its 
draft-producing  qualities  to  a  longer  stack  of  good  design. 
There  is,  in  fact,  nothing  in  the  relation  of  diameter  to  height, 
or,  so  far  as  the  investigation  has  proceeded,  in  the  form  of 
the  stack  itself,  which  can  be  accepted  as  a  complete  substitute 
for  height.  Again,  this  loss  In  araft  with  changes  in  height 
of  stack  does  not  depend  upon  the  height  of  the  nozzle.  Thus, 
Table  XXIII.  represents  a  summary  of  results  in  connection 
with  all  heights  of  the  smallest  tapered  stack  In  combination 
with  all  heights  of  nozzle.  The  table  shows  that  whatever  the 
height  of  the  nozzle,  the  loss  in  draft  under  the  conditions 
represented  In  passing  from  the  D,  or  56%  In.  height,  to  the  A, 
or  26%  in.  height,  is  a  fixed  quantity  and  under  the  conditions 
of  the  tests  referred  to  is  approximately  represented  by  1.6  in. 
of  water.  Thus,  for  the  nozzle  No.  1,  it  is  1.7  In.;  for  the  nozzle 
No.  3,  1.4  in.;  for  the  nozzle  No.  5,  1.8  in.;  for  the  nozzle  No.  7, 
1.6  in. 

It  is  diilicult  to  find  a  quantitative  measure  for  the  loss  of 
draft  resulting  from  reduction  in  height  of  stack  which  will  be 
of  general  application.  The  extent  of  such  loss  is,  however, 
suggested  by  the  slope  of  the  lines  in  the  figures  already  re- 
ferred to,  and  by  the  differences  In  Table  XXIII.  The  general 
conclusion  is,  however,  clear.  It  Is  apparent  that  the  shorter 
stacks  are  far  inferior  to  those  of  greater  length  and  that  the 
maintenance  of  draft  values  in  connection  therewith  must 
necessarily  involve  the  application  of  additional  mechanism, 
or  an  increase  in  the  energy  of  the  exhaust  jet.  The  present 
study  does  not  suffice  to  indicate  what  thould  be  the  character 
of  such  additional  mechanism  or  the  extent  of  the  necessary 
increase  in  the  energy  of  the  exhaust  jet.  It  Is,  however,  alto- 
gether possible  that  the  adoption  of  some  form  of  Inside  stack 
or  of  draft-pipes  may  make  good  the  loss  resulting  from  the 
diminished  length  of  outside  stack. 

45.  Relative  Advantage  of  Straight  and  Tapered  Stacks. — 
But  two  forms  of  stacks  were  employed  in  the  experiments 
under  discussion,  one  being  perfectly  cylindrical,  and  hence  re- 
ferred to  as  the  straight  stack;  the  other  having  the  form  best 
shown  by  Fig.  26,  and  generally  referred  to  as  the  tapered 
stack.  This  tapered  stack  has  its  least  diameter,  or  "choke," 
at  a  point  16%  ins.  from  the  bottom  and  increases  in  diameter 
uniformly  above  this  point,  the  angle  cf  the  sides  being  the 
same  for  all  stacks,  and  the  divergence  being  at  the  rate  of 
2  ins.  in  diameter  for  each  foot  in  length.  This  diver- 
gence corresponds  with  that  which  was  found  best,  as  a  result 
of  the  well-known  von  Borrles-Troske  tests.  The  most  note- 
worthy difference  in  results  obtained  from  the  two  contours  is 
to  be  found  in  the  Increased  capacity  of  the  tapered  stack. 
Thus,  No.  2  stack  (9^4  ins.  diameter),  which  is  the  smallest  of 
the  tapered  stacks,  gives  draft  values  which  are  two  or  three 
times  as  great  as  those  obtained  with  No.  1,  which  is  a 
straight  stack  of  the  same  diameter.  While  the  results  from 
No.  2  are  none  of  them  sufficiently  meritorious  to  warrant  a 
place  in  the  table  of  best  results  (Table  XV.),  they  give  a 
close  approach  thereunto.  The  two  smaller  diameters  of 
straight  stacks,  Nos.  1  and  3  (9%  ins.  and  ll^i  ins.  diameter) 
are  both  far  too  small  to  yield  results  which  are  to  be  regarded 
as  satisfactory,  the  capacity  of  these  stacks  being  insufficient 
for  the  work  expected  of  them.    Speaking  in  rather  general 
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terms,  it  may  be  said  that  a  tapered  stack  having  a  diameter 
ot  choke  9%  ins.  has  as  great  a  capacity  as  a  cylindrical  stack 
of  13%  ins.  Again,  only  the  largest  diameter  o£  straight  stack, 
No.  7  (15%  in.  diameter)  has  a  place  in  the  table  of  best  re- 
sults, whereas  all  diameters  of  the  tapered  stack  excepting  the 
least,  find  places  in  the  table.  It  is  of  interest  to  note  that 
with  the  low  nozzle,  tapered  stack  6  B  (least  diameter  13%  ins., 
total  height  36%  ins.)  gives  identical  results  with  straight 
stack  7  C  (diameter  15%  ins.,  height  iSVa  ins.),  the  tapered 
stack  being  10  Ins.  lower  and  2  ins.  less  in  diameter  than  the 
straight  stack. 
It  has  been  stated  (Article  40)  that  whereas  for  best  results, 

Nozzlivl  S»ck-2  Nozzle-1  Staok-8 


provided  for  had  been  completed,  it  was  suggested  that  a  start 
be  made  upon  the  inside  stack  and  to  a  limited  extent  this  was 
done. 

Before  attempting  to  discuss  inside  stacks,  it  should  be 
remembered  that  the  results  of  tests  involving  outside  stacks 
show  that  when  other  things  are  unchanged,  the  higher  the 
stack,  the  better  the  draft;  that  when,  through  increased  dia- 
meter of  the  boiler,  it  becomes  necessary  to  reduce  the  height 
ot  the  stack,  there  inevitably  results  a  loss  in  draft.  This  being 
true  of  the  outside  stack,  it  becomes  important  to  know 
whether  an  extension  of  the  stack  downward  into  the  smoke- 
box  will  serve  to  hold  up  the  efficiency  of  the  draft  when  the 


Nozzle-l  Stack-2 


Nozzle-1  Stack-8 


:: 

1 

A 

Mm 

I 

ill  liii  ilMl  lii 

5    ffii'H          :::S 

f-- 

PPffffl 

^ 

WSr^rr. 

iii    1 

".\  '      i ;        ' 

i-»  -'i  M 

the  diameter  of  the  straight  stack  must  change  for  every 
change  in  height,  that  of  the  tapereu  stack  remains  constant 
for  all  heights.  In  this  connection,  it  is  important  to  remem- 
ber that  the  diameter  of  the  tapered  ;;tacks  referred  to  is  the 
diameter  of  the  choke  (least  diameter).  As  a  matter  of  fact, 
if  designs  based  on  the  equations  which  have  been  deduced 
were  to  be  superimposed  they  will  show  that  while  the  tapered 
stack,  as  compared  with  the  straight  stack,  is  of  a  lesser  dia- 
meter at  the  choke,  the  diameter  of  its  top  will  generally  exceed 
that  of  the  straight  stack. 

In  general,  it  would  seem  that  the  tapered  stack  is  less  sus- 
ceptible to  minor  changes  of  proportion,  both  of  the  stack  it- 
self and  of  the  surrounding  mechanism,  than  the  straight 
stack.  Thus,  a  variation  of  an  inch  or  two  in  the  diameter  of 
the  tapered  stack  affects  the  draft  less  than  a  similar  change 
in  the  diameter  of  the  straight  stack.  Again,  the  tapered  stack 
is  generally  less  affected  by  variations  in  the  height  of  the 
nozzle  so  that  altogether  it  appears,  quite  contrary  to  the  ex- 
pectation of  the  experimenter,  that  the  nse  of  the  tapered  stack 
gives  a  greater  degree  of  flexibility  in  the  design  of  the 
dependent  parts.  For  these,  reasons,  in  the  opinion  of  the 
unclersif/ned,  the  tapered  form  appears  to  6e  altogether  prefer- 
ahle  to  the  straight  form. 

46.  Draft,  a  Function  of  Weight  of  Steam.  Exha%i.sted. — Atten- 
tion has  already  been  called  to  the  fact  that  a  good  arrange- 
ment of  nozzle  and  stack  appears  to  be  equally  efficient  under 
whatever  conditions  the  engine  may  run.  A  combination 
which  is  good  for  .one  speed  is  good  for  all  speeds,  and  a  com- 
bination which  is  good  for  one  cut-off  is  good  for  all  cut-offs. 
WTiile  this  is  true,  it  goes  without  saying  that  draft  values 
change  when  there  is  a  change  in  the  manner  of  running; 
that  at  a  constant  cut-off,  an  increase  of  speed  increases  draft 
values;  and  at  a  constant  speed  and  throttle  opening,  increas- 
ing the  cut-off,  increases  the  draft  values.  In  other  words, 
whatever  tends  to  increase  the  volume  of  steam  exhausted  in 
a  given  time,  augments  the  draft  values.  When  the  number  of 
pounds  of  steam  exhausted  per  minute  is  doubled,  the  draft  as 
measured  in  inches  of  water  is  doubled.  These  facts  have  al- 
ready been  presented  in  another  connection  (Article  3S),  and 
are  repeated  here  by  way  of  emphasis.  The  extent  to  which 
the  general  statement  is  true  appears  in  the  comparisons  made 
possible  by  Table  XIV. 

47.  Inside  SiacJc*.— The  original  outline  of  tests  contained  no 
reference  to  insWe  eftcks.   When,  however,  the  work  originally 
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Fig.  105 

length  of  the  outside  portion  of  the  stack  is  diminished.  In 
a  discussion  of  this  matter  at  the  Convention  of  the  American 
Master  Mechanics'  Association  at  Sai-atoga  in  June  last  (1902) 
the  undersigned  expressed  the  opinion  that  the  extension  of 
the  stack  downward  into  the  smoke-box  would  in  part  com- 
pensate for  the  loss  of  length  outside  ot  the  smoke-box.  Since 
that  time  the  matter  has  received  careful  attention  and  while 
the  material  at  hand  will  hardly  sustain  a  definite  conclusion, 
it  points  to  a  conclusion  and  is  of  sufficient  interest  to  warrant 
Its  presentation. 

(To  he  Concluded.) 


STOREHOUSE    YARD    CRANE. 


ChIC.\GO    &    NOETHWESTEBN    R.WLWAY. 


At  the  general  storehouse  of  this  road  at  the  Chicago  shops 
a  large  amount  of  heavy  material  is  kept  in  stock  and  fre- 
quently handled.  In  order  to  reduce  the  labor  cost  an  inexpen- 
sive and  effective  crane  service  was  arranged  by  Mr.  G.  F. 


STOREHOUSE    YARD    CRANE. 

Slaughter,  formerly  general  storekeeper  of  the  road.  The 
crane  has  a  span  of  45  ft.  and  the  runway  is  supported  on 
wooden  frames  spanning  that  portion  of  the  yard  in  whicb 
such  material  as  driving-wheel  centers,  ties,  cylinders,  frogs, 
pilots,  boiler  frpBt§  and  other  heavy  parts  are  stored.    TUe 
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crane  lifts  five  tons  and  is  driven  by  motors,  taking  current 
from  the  iiower  circuit  of  the  sliops.  The  idea  of  a  crane  for 
handling  storehouse  material  is  not  new,  hut  present  condi- 
tions require  such  apparatus  in  all  large  storehouse  establish- 
ments, and  there  can  be  few  small  investments  which  will 
give  such  large  returns  in  the  reduction  of  labor  charges.  With 


case.  For  one  thing,  wc  get  a  larger  opening  at  the  exhaust  tip 
which  relieves  llie  back  pressure.  The  indicator  cardH  show  the 
back  pressure  is  lower  than  that  in  any  slide-valve  engine  with 
open  ends.  There  ha.s  been  some  trouble  with  relief  valves  on  the 
cylinder  heads.  Kelief  valves  with  piston  valves  are  a  necessity  on 
cyliudiT  heads,  especially  at  high  speeds.  In  some  places  they 
screw  them  down  instead  of  adjusting  them  at  proper  pressure,  and 
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STOREHOUSE    TARD    CRANE. — CHICAGO    &    NOBTHWESTERN    BAILWAT. 


this  crane  two  men  do  the  work  formerly  requiring  ten.  The 
runway  is  475  ft.  long.  Every  large  storehouse  should  have 
such  facilities. 

We  are  indebted  to  Mr.  Robert  Quayle,  superintendent  of 
motive  power,  and  Mr.  W.  E.  Dunham,  mechanical  engineer, 
for  the  drawing  and  photograph. 


MASTER  MECHANICS'  ASSOCIATION. 


THIRTY-SIXTH  ANNUAL  CONVENTION. 


ABSTRACTS    OF   REPORTS.— CONTINUED. 


PISTON    VALVES. 


In  the  discussion  of  the  report  of  the  committee  on  this  subject, 
which  appeared  in  abstract  on  page  274  of  our  July  number,  Mr. 
John  Player  presented  the  following  remarks : 

One  of  the  first  questions  brought  up  in  the  paper  was  the  rela- 
tive use  of  the  hollow  or  solid-ended  piston  valve.  The  report  states 
that  the  preference  seems  to  be  for  the  hollow  valve,  that  is,  with 
the  exhaust  cavity  passing  entirely  through  the  valve.  The  original 
piston  valves  which  we  constructed,  and  which  other  roads  have 
also  applied,  bad  the  hollow  cavity  for  the  exhaust,  with  the  sup- 
position of  producing  an  entirely  balanced  valve.  We  found,  how- 
ever, with  that  valve  that  at  the  period  of  commencement  of  ex- 
haust the  exhaust  pressure  had  a  tendency  to  accelerate  the  motion 
of  the  valve,  or  in  other  words,  increase  the  pressure  against  the 
exhaust  packing  ring.  There  was  an  objection  at  that  time,  chiefly 
raised  by  engineers,  to  the  sound  of  the  exhaust  of  the  piston  valve, 
that  it  was  muffled ;  it  was,  in  comparison  to  the  exhaust  of  a  slide 
valve.  We  also  found  that  the  exhaust  was  not  quite  as  sharp 
from  the  piston-valve  engine,  although  you  could  run  with  a  nozzle 
the  same  size  as  with  slide-valve  engines,  yet  the  exhaust  did  not 
sound  as  sharp  and  there  was  a  tendency  to  close  up  the  exhaust 
tips  to  produce  the  sound.  To  overcome  that  we  made  the  ends  of 
the  valve  followers  solid  and  built  a  great  number  of  engines  with 
the  ordinary  two-opening  exhaust,  with  both  cavities  opening  into 
the  same  chamber,  same  as  with  a  slide  valve.  We  found  that  the 
acceleration  of  the  valve  at  the  period  of  commencement  of  exhaust 
was  practically  not  increased  to  any  appreciable  extent  by  making 
the  ends  solid.  Shortly  after  that  we  introduced  a  further  better- 
ment in  the  adoption  of  a  four-opening  exhaust,  by  making  two 
exhaust  cavities  in  each  cylinder  entirely  separate,  and  carrying 
them  upward  in  the  exhaust  pipe,  and  making  the  exhaust  pipe  with 
four  openings  at  the  base,  carrying  two  a  portion  of  the  way  up 
and  the  other  two  higher,  the  proportious  of  the  exhaust  pipe 
above  that  being  approximately  the  same  as  those  recommended  by 
the  association.  We  found  by  the  adoption  of  this  exhaust  cavity 
and  pipe  we  were  able  to  enlarge  the  nozzles  on  an  identically  sim- 
ilar engine,  enlarging  the  exhaust  tip  anywhere  from  3-16  to  %  of 
an  inch,  showing  the  benefit  of  the  solid  end  valve  with  the  separate 
exhaust.  The  objection  that  has  been  raised  that  there  was  an 
exhaust  pressure  on  the  ends  of  the  valve,  does  not  hold  in  this 


consequently  they  do  not  work.  They  should  be  made  so  that  they 
cannot  be  "monkeyed"  with.  As  to  the  by-pass  valve,  it  is  begin- 
ning to  be  an  appreciated  fact  that  by-pass  valves  combined  with 
piston  valves  are  a  benefit,  especially  upon  engines  that  have  to  do 
drifting.  Some  of  the  former  patterns  of  by-pass  valves  that  were 
applied  to  piston-valve  engines  were  not  altogether  a  success.  The 
areas  were  insufficient  in  the  first  place,  and  the  construction  of 
the  valve  was  such  that  they  had  a  tendency  to  stick,  and  sufficient 
attention  was  not  paid  to  them  to  keep  them  in  order.  All  that 
trouble  has  been  eliminated  in  the  improved  form,  and  they  are  a 
necessity  upon  passenger  and  freight  engines  that  do  much  drifting. 

With  relation  to  circulation  pipes,  they  perform  practically  the 
same  function  as  the  by-pass  valve,  but  have  a  tendency  to  freeze 
up  which  is  not  a  desirable  feature.  The  results  accomplished  by 
the  circulation  pipe  can  be  accomplished  by  a  good  construction  of 
by-pass  valve.  As  to  the  packing  rings,  reference  has  been  made 
to  the  abandonment  of  substitution  of  some  other  form  for  the  L- 
shaped  ring.  Some  of  them  were  made  entirely  too  Ught  in  section, 
and  the  projection  over  the  follower  was  entirely  disproportionate 
to  the  section  of  the  ring  itself  in  some  of  the  early  forms.  Any 
properly  proportioned  L-shaped  ring  is  the  ring  to  use,  as  it  gives 
a  proper  cut-off  edge.  One  objection  to  using  them  in  solid  valves 
has  been  there  is  some  trouble  in  springing  them  over,  so  that  you 
start  an  initial  strain  in  the  metal  which  causes  breakage  after- 
ward, but  with  the  follower  we  have  there  is  practically  no  break- 
age in  the  L-shaped  rings  if  the  valves  are  properly  lubricated. 
Regarding  the  valve  stem  connections,  they  should  be  made  flexible 
where  practicable.  The  valve,  in  my  judgment,  should  be  supported 
by  the  stems  at  both  cuds  in  bushings,  so  as  to  relieve  the  weight 
of  the  valve  on  the  bushing  itself.  I  have  seen  valves  supported  at 
both  ends  that  ran  two  years  and  a  half,  where  the  tool  marks  were 
scarcely  worn  off  the  bottom  of  the  valve. 

The  advantages  in  handling  these  valves  have  been  treated  by 
previous  speakers.  The  cylinder  clearance  of  large  engines  with 
slide  valves  is  something  abnormal  in  many  cases.  The  clearance 
obtainable  with  piston-valve  cylinders  varies  from  6  to  S  per  cent. 
in  a  simple  engine,  although  contrai"y  statements  have  been  made. 
I  do  not  know  of  any  piston-valve  engine  of  recent  design  where 
the  clearance  exceeds  9  per  cent.  The  disadvantage  of  breaking  of 
packing  rings  is  a  local  matter ;  it  is  due  to  insufficient  lubricatmg 
or  a  fault  in  the  proportion  of  the  ring  itself.  If  proper  followers 
are  used  and  the  rings  are  of  proper  shape  that  will  disappear.  The 
wear  of  the  packing  rings  is  also  largely  due  to  the  proportion  of 
the  rings.  The  wear  of  the  driving  box  on  one  road  mentioned  in 
the  report,  I  believe,  was  due  to  the  absence  of  by-pass  valve  with 
the  proportious  of  the  cylinder  used.  I  thirds  if  a  by-pass  valve 
were  applied  on  that  cylinder  the  trouble  would  disappear. 

With  regard  to  bushings,  the  bushings  made  with  slightly  tapered 
bridges  have  accomplished  the  same  results  as  angular  bridges  and 
are  as  easy  of  construction  as  the  ordinary  bushing.  The  lubrica- 
tion of  piston  valves  is  an  easy  matter.  In  some  forms  the  lubri- 
cation is  applied  at  both  ends  of  the  valve  instead  of  one  in  the 
center,  with  very  marked  benefit. 

In  regard  to  Mr.  Sinclair's  reference  to  marine  valves  and  the 
leakage  of  them,  I  understand  that  reference  to  be  to  low-pressure 
engines.     If  they  had  so  much  trouble  with  piston  valves  in  marine 


S06        AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


sprvice  years  ago,  why  is  it  tliat  the  British  Government,  the 
United  States  Government,  and  all  theae  large  transatlantic  steamer 
lines  are  using  pLston  valves?  If  the  slide  valve  is  better,  why  do 
they  not  use  it? 

With  regard  to  the  trouble  that  has  been  mentioned  in  handling 
piston  valves,  as  to  the  dropping  down  in  the  corner  and  the  rack- 
ing of  the  valve  motion  occasioned  by  it,  proper  instructions  should 
be  issued  to  engineers  for  the  proper  handling  of  piston-valve  en- 
gines to  the  effect  that,  as  the  last  speaker  suggested,  the  lever 
should  not  be  dropped  down  while  the  engine  is  speeding,  but 
dropped  down  gradually  as  the  speed  decreases  as  you  are  going 
into  a  station.  The  object  of  this  is  obvious.  The  piston  valve 
runs  in  a  bushing,  and  not  over  a  plain  surface  like  the  slide  valve. 
The  lubrication  for  the  bushing  and  valve  is  taken  in  the  middle, 
and  the  lubricated  surface  is  that  over  which  the  packing  rings 
travel.  The  surface  covered  by  the  exhaust  steam,  which  is  not 
covered  by  the  travel  of  the  valve  when  working,  becomes  dry  and 
encrusted  to  a  certain  extent  with  the  scum  which  you  usually  find 
in  a  steam  chest.  NMien  you  drop  the  lever  in  full  gear,  you  have 
to  cut  that  all  off  at  one  stroke,  practically  speaking,  or  else  it 
snaps  in  the  packing  rings  and  the  packing  rings  travel  over  it, 
and  the  fact  of  always  dropping  the  lever  down  at  speed  is  one  of 
the  most  serious  objections  in  the  use  of  piston  valves.  It  causes 
practically  all  the  trouble  of  breakage  of  packing  rings  and  the 
failures  of  the  valve  motion  referred  to.  If  the  valve  is  handled 
in  a  proper  manner,  not  dropped  down  when  running  at  speed,  but 
as  you  slow  down  drop  it  down  gradually,  there  will  be  no  trouble 
experienced  with  the  piston-valve  cylinder. 


A    LOCOMOTIVE    DYNAMOMETER. 


In  the  discu.ssion  of  the  report  on  ton  mile  statistics  before  the 
Master  Mechanics'  Association  Mr.  G.  L.  Fowler  described  a  dyna- 
mometer, designed  by  him. 

The  bumper  timber  is  shown  in  the  upper  right  hand  corner. 
There  is  a  plate  B  bolted  securely  to  it  by  bolts  G.  This  plate  is 
immovable,  and  is  attached  to  the  buffer.  The  coupler  is  attached 
rigidly  to  the  plate  A.  Passing  through  the  plate  A  is  the  bolt  E, 
with  a  heavy  shoulder  agaiiLst  the  plate  A,  and  also  another 
shoulder  against  the  plate  C,  so  that  if  A  is  pushed  back  by  bufEng, 
the  plate  C  is  carried  back  with  it.  The  hydraulic  cylinder  is 
shown  at  D  and  is  bolted  by  the  bolts  F  to  the  plate  B.  If  there 
is  a  buffing  stress  applied  to  the  coupler,  the  plate  C  is  pushed  back 
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DOUBLE    ACTING     DYNAMOMETER 


SWITCHING  ENGINE  SEFVIDE 


and  the  plunger  exerts  a  pressure  in  the  cylinder.  If  there  is  a 
pulling  stress,  the  plate  A  is  moved  away  and  pulls  against  the 
cylinder  D  by  means  of  the  bolts  E ;  but  the  plate  C  cannot  follow 
it  and  comes  up  against  the  buffer  beam,  and  that  also  puts  a 
pressure  in  the  cylinder.  A  Bristol  recording  gauge  is  to  be  used 
with  this  dynamometer. 


SPECIFICATIONS      FOR      LOCOMOTIVE      AXLES      AND 
FORCINGS. 


COMMITTEE — F.    H.     CLA.BK,    J.    E.     SAGUE,     S.     M.    VAUCLAIN,    L.    E. 
POMEROY. 


First. — To  submit  specifications  for  locomotive  driving  and 
truck  axles. 

Second. — To  submit  specifications  for  locomotive  forgings. 

Third. — To  co-operate  with  the  American  Society  of  Mechan- 
ical Engineers,  the  American  Institute  of  Mining  Engineers,  and 
the  American  Society  for  Testing  iNIaterials,  with  a  view  of  bring- 
ing about  standard  specifications  for  locomotive  axles  and  forg- 
ings.    Your  committee,  therefore,  in  presenting  the  specifications 


below  does  not  expect  their  adoption  as  standard,  but  hopes  that 
a  discussion  of  the  subject  will  enable  the  committee  to  take  the 
matter  up  with  the  other  associations  named  with  a  better  under- 
standing of  the  wishes  of  this  association. 

PBOPOSED    SPECIFICATIONS    FOE    LOCOMOTIVE    DEIVINQ    AND    ENGINE 
TRUCK  AXLES. 

Material,  open-hearth  steel. 

Phosphorus,  not  to  exceed 05  per  cent. 

Sulphur,   not   to  exceed 05  percent. 

Manganese,  not  to  exceed 60  per  cent. 

Tensile  strength — not  less  than  80,000  lbs.  per  square  inch. 
Elongation  in  2  ins.,  not  less  than  20  per  cent. 
Reduction  in  area,  not  less  than  35  per  cent. 

One  test  per  melt  will  be  required,  the  test  specimen  to  be  taken 
from  either  end  of  any  axle  with  a  hollow  drill,  half  way  between 
the  center  and  the  outside,  the  hole  made  by  the  drill  to  be  not 
more  than  2  ins.  in  diameter,  nor  more  than  41/2  ins.  deep.  The 
standard  turned  test  specimen,  %  in.  in  diameter  and  2  ins.  gauge 
length,  shall  be  used  to  determine  the  physical  properties.  (See 
Pig.  1.)  Drillings  or  turnings  from  the  tensile  specimens  shall  be 
used  to  determine  the  chemical  properties. 

Each  axle  must  have  heat  number  and  manufacturer's  name 
plainly  stamped  on  one  end.  with  stamps  not  less  than  %  in.,  and 
have  order  number  plainly  marked  with  white  lead. 

All  axles  must  be  free  fmm  seams,  pijies  and  other  defects,  and 
must  conform  to  drawings  accompanying  these  specifications. 
Axles  must  be  rough-turned  all  over,  with  a  flat-nosed  tool,  cut  to 
exact  length,  have  ends  smoothly  finished  and  centered  with  60- 
deg.  centers.  Axles  failiug  to  meet  any  of  the  above  requirements, 
or  which  prove  defective  on  machining,  will  Ue  rejected. 

The  above  .specifications  for  locomotive  driving  and  truck  axles 
is  believed  to  be  fair  to  both  manufacturer  and  purchaser.  The 
physical  test  outlined  is  one  which  should  insure  proper  hammer 
work  and  it  ha.s  also  the  following  further  points  in  its  favor: 
(ll  It  does  not  show  the  manufacturer  which  axle  is  to  be  selected 
for  test.  (2)  The  axle  tested  is  not  destroyed,  but  is  available  for 
use  if  it  meets  the  requirements.  (o)  The  test  may  be  used  in 
the  purchase  of  small  lots,  most  orders  from  railroad  companies 
being  for  from  six  to  ten  axles.  (4)  The  test  does  not  require  a 
discard  and  in  no  way  adds  to  the  cost  of  the  axle.  (5)  It  fur- 
nishes the  manufacturer  with  a  check  of  the  work  done  in  his 
plant.  (6)  The  test  is  one  largely  used  by  the  United  States 
Government  for  forgings. 

PROPOSED    SPEtlFltATIONS    FOR    LOCOMOTIVE    FORGIRGS. 

Material,  open-hearth  steel. 

Phosphorus,  not  to  exceed .05  per  cent. 

Sulphur,  not  to  exceed 05  per  cent. 

Manganese,  not  to  exceed 60  per  cent. 

Tensile  strength,  not  less  than  80,000  lbs.  per  square  inch. 

Elongation,  not  less  than  20  per  cent,  in  2  ins. 

Reduction  in  area,  not  less  than  35  per  cent. 
One  test  per  melt  will  be  required,  the  test  specimen  to  be  cut 
cold  from  the  forging,  or  full-sized  prolongation  of  same,  parallel 
to  the  axis  of  the  forging  and  half  way  between  the  center  and  the 
outside.  The  standard  turned  specimen,  %  in.  in  diameter  and 
2  ins.  gauge  length,  shall  be  used  to  determine  the  physical  prop- 
erties. (See  Fig.  1.)  Drillings  or  turnings  from  the  tensile 
specimen  shall  be  used  to  determine  the  chemical  properties. 

Each  forging  must  have  heat  number  and  name  of  manufac- 
turer plainly  stamped  on  one  end  with  figures  not  less  than  %  in. 
and  have  order  number  plainly  marked  with  white  lead. 

All  forgings  must  conform  to  drawings  which  accompany  these 
specifications,  and  be  free  from  seams,  pipes  and  other  defects. 
Any  forgings  failing  to  meet  any  of  the  above  requirements,  or 
which  prove  defective  on  machining,  will  be  rejected. 

The  above  specificaton  for  locomotive  forgings  is  based  upon  the 
recommendation  of  the  American  Society  for  Testing  Material, 
with  some  slight  modifications,  which,  it  is  believed,  will  tend  to 
improve  the  product.  The  physical  test  is  substantially  the  same 
as  that  recommended  above  for  testing  locomotive  driving  and 
truck  axles,  and  the  same  arguments  may  be  used  in  its  favor. 

PROPOSED     SPECIFICATIONS     FOR     STEEL    BLOOMS     AND    BILLETS     FOB 
LOCOMOTIVE   FORGINGS. 

Material,  open-hearth  steel. 
Grade  "A  :" 

Tensile  strength,  70,000  lbs.  per  square  inch. 
Elongation  in  2  ins.,  20  per  cent. 
Grade  "B :" 

Tensile  strength,  80,000  lbs.  per  square  inch. 
Elongation  in  2  ins.,  17  per  cent. 
Grade  "A:" 

Carbon     25  to  .40  per  cent. 

Phosphorus,  not  to  exceed 06  per  cent. 

Sulphur,  not  to  exceed 06  per  cent. 

Manganese,  not  to  exceed 60  per  cent.  ^ 

Grade  "B :" 

Carbon    35  to  .50  per  cent. 

Phosphorus,  not  to  exceed 05  per  cent. 

Sulphur,   not  to  exceed 05  per  cent. 

Manganese,  not  to  exceed 60  per  cent. 

One  test  per  melt  should  be  required,  the  test  specimen  to  be  cut 
cold  from  the  bloom,  parallel  to  its  axis  and  half  way  between  the 
center  and  the  outside.  The  standard  turned  test  specimen,  %  in. 
in  diameter,  and  2  ins.  gauge  length,  shall  be  used  to  determine 
the  physical  properties.  (See  Pig.  1.)  Drillings  or  turnings 
from  the  tensile  specimen  shall  be  used  to  determine  the  chemical 
properties. 

Each  bloom  or  billet  must  have  heat  number  and  manufacturer's 
name  plainly  stamped  on  one  end,  with  stamps  not  less  than  %  in. 
and  have  order  number  plainly  marked  with  white  lead. 

Blooms  and  billets  must  be  free  from  checks,  pipes  and  surface 
defects.  Any  blooms  or  billets  chipped  to  a  depth  greater  than 
%  in.  will  be  rejected.    Any  billet  or  bloom  failing  to  meet  the 
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above  requirements  will  he  rejected  and  held,  subject  to  disposal 
by  manufacturers.  Inspector  to  have  the  privilege  of  taking  drill- 
ings from  the  center  of  the  top  bloom  or  billet  of  the   ingot   in 
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order  to  determine  the  amount  of  segregation.  Grade  "A"  is 
blooms  or  billets  for  rod  straps  and  miscellaneous  forgings.  Grade 
"H"  Ls  bloom,s  or  billets  for  driving  and  truck  axles,  connecting 
rods,  crankpins  and  guides. 


INTERNAij    COMBUSTION    ENGINE   IN   RAILWAY    SER- 
VICE. 


AN   INDIVIDUAL   PAPER   BY   If.   P.   C.    SANDERSON. 


Had  the  internal  couilnistion  engine  been  invented  before  the 
steam  engine,  it  is  reasunably  certain  now  that  the  latter  would 
never  have  been  developed  and  assumed  the  importaut  standing 
in  the  industrial  accomplishment  that  it  has  to-day,  but  the  in- 
ternal combustion  engine  would  be  in  its  place,  doing  its  work 
and  very  much  more  efficient  than  it  is  to-day. 

The  mechanical  genius  of  this  country  and  Europe  has,  for 
years,  been  striving  with  really  wonderful  results  to  improve  the 
efficiency  of  the  steam  engine,  and  when  we  compare  the  high  press- 
ure, quadruple  expansion  steam  engines  with  surface  conden-sers 
of  to-day,  with  the  long  stroke,  low  pressure  single  expansion 
engines  of  fifty  years  ago,  the  coefficient  of  efficiency  tells  the  story 
of  the  progress  made  during  that  interval  of  time  in  perfecting  tue 
.steam  engine  and  boiler. 

But.  apart  from  the  perfection  of  Workmanship  and  design  of 
the  boiler,  and  the  skill  in  making  the  engine  develop  the  greatest 
amount  'of  power  with  the  least  amount  of  steam,  there  are  in- 
herent losses  in  the  process  of  converting  the  energy  of  coal  or  oil 
into  power  at  the  crank,  which  can  never  be  eliminated  in  the 
steam  engine  and  boiler.  No  boiler  can  be  made  which  will  absorb 
all  the  heat  which  can  be  given  by  the  coal.  There  is  a  loss  in 
the  boiler  due  to  the  evaporation  of  water  into  steam,  and  otuer 
losses  with  which  we  are  all  familiar.  The  process  itseif  is  an 
extravagant  and  wasteful  one. 

To  illustrate  this.  If  we  take  an  engine  of  rea.sonable  efficiency 
in  ordinary  service  (I  do  not  now  refer  to  the  highest  type  of 
multiple  expansion  or  condensing  engines),  with  a  reasonably  good 
boiler,  we  caunot  expect  to  get  a  brake  horse-power  for  much 
less  than  five  or  six  pouuds  of  coal  per  horse-power  per  hour. 

In  the  present  imperfect  condition  of  the  internal  combustion 
engine  there  is  no  difficulty  in  getting  a  brake  horse-power  for  one 
pound  of  coal  per  hour  from  producer  gas,  where  nothing  is  wasted 
but  the  ashes,  and,  of  course,  some  heat  in  the  producer  itself  neces- 
sarily, due  to  the  change  of  the  carbon  from  its  fixed  form  into 
that  of  fuel  gas. 

Gas  engines  are  now  made  not  only  in  the  size  of  toys,  but  up  to 
2.500  horse-power  units.  Formerly  the  waste  gas  from  the  blast 
furnaces  was  used  in  part  for  heating  stationary  boilers  and  fur- 
nishing steam  to  drive  the  blowing  engines  for  the  furnace.  These 
boilers  generally  had  to  be  supplemented  with  coal  fuel  to  get 
enough  steam  to  run  the  engines.  Nowadays  the  steam  boilers  and 
steam  engines  have  given  place  to  powerful  internal  combustion 
engines,  where  the  gas  from  the  furnaces  is  burnt  direct  in  the  cyl- 
inders of  engines  and  produces  all  power  necessary  for  doing  the 
blowing.  A  moment's  thought  of  the  immense  saving  this  means  in 
connection  with  the  statement  made  above  with  regard  to  the  pos- 
sibility of  producing  power  for  anywhere  from  one-third  to  one- 
eighth  of  the  amoimt  of  coal  that  is  now  being  used  for  steam  pur- 
poses in  steam  engines  and  boilers  will  indicate  to  the  minds  of 
members  who  wish  to  consider  this  matter  what  the  possibilities 
are  for  the  future. 

In  producing  gas,  one  of  the  principal  troubles  and  sources  of 
expense  of  installation  is  necessitated  for  gas  holders  of  large 
capacity  to  carry  a  sufficient  supply  of  gas  to  meet  the  varying 
demands.  Recent  developments,  it  is  understood,  have  made  even 
this  unnecessary,  as  gas  producers,  operating  continuously,  have 
been  invented  which  furnish  gas  directly  from  the  producer  to 
engine,  and  which  can  be  driven  with  varying  capacity  to  satisfy 
the  demands  of  the  engine,  just  as  a  steam  boiler  is  driven  to  meet 
the  reqtiirements  for  steam  as  demanded  by  the  engine. 

As  gas  producers  will  make  good  fuel  gas  from  poor  coal,  without 
trouble  from  clinker,  and  as  gas  can  be  successfully  used  for  every 
purpose  in  railroad  service,  not  only  for  producing  power,  but  also 
for  doing  work  in  the  shop  furnaces,  for  tinner's  work,  for  black- 
smith forges,  for  welding  flues,  for  flanging  and  annealing  boiler 
plates,  for  heavy  forgings,  for  brazing,  etc.,  it  is  quite  practicable 
at  any  shop  installation  to  put  in  a  battery  of  producers,  to  turn  the 
cheapest  grade  of  slack  coal  into  fuel  gas.  This  can  be  used  for 
driving  individual  shops  or  groups  by  gas  engines  located  around 
the  plant,  if  so  desired,  the  gas  being  taken  to  them  by  piping — for 
all  smith  shop  and  foundry  purposes,  etc.,  or  the  gas  engines  can 
be  located  in  the  central  power  house  and  used  to  drive  electric 
dynamos  for  power  and  light,  the  current  being  carried  by  wire 
to  the  individual  machines  or  motors  for  group  drivings. 


In  the  West,  and  in  many  other  parts  of  the  country  where 
water  is  bad,  where  the  cost  of  boiler  work  is  heavy  on  account 
of  incrustation  and  scale  formation,  and  where  the  labor  for  boiler 
repairs  is  hard  to  get  and  hard  to  handle,  the  use  of  gas  power 
opens  up  possibilities  of  which  it  in  believed  progressive  men  will 
not  be  slow  to  take  advantage. 

A  few  years  ago  the  horseless  carriage  was  a  subject  for  jest, 
and  had  never  been  a  practical  success.  Now,  nearly  every  street 
and  highway  in  the  country  is  more  or  h««  populated  by  automo- 
biles of  one  kind  or  another.  Perhaps  the  most  successrul  ones 
are  those  operated  by  internal  combustion  engines.  The  stimula- 
tion which  this  industry  has  given  to  the  development  of  the  gas 
engine  is  not  inconsiderable. 

If  the  little  gasoline  engines  can  drive  the  heavy  automobiles  a 
mile  in  5'2  2-.T  seconds,  which,  I  believe,  is  the  best  record  so  far, 
and  if  the  machines  can  undertake  trips  of  thousands  of  miles,  it 
is  prujier  to  assume  that  they  have  become  a  permanent  factor  in 
transportation.  What  the  linal  effect  of  this  upon  railroad  pas- 
senger service  will  be  it  Is  hard  to  predict. 

As  the  manuf.icluriug  industries  and  population  of  this  country 
grow,  the  demand  for  additional  power  and  for  fuel  for  beating 
and  lighting  will  steadily  increa.se  the  demand  for  coal  at  the 
mines.  Sooner  or  later  we  will  be  forced  to  lake  radical  steps  to 
economize  in  the  consumption  of  fuel,  which  fact  must  be  plain  to 
all  of  those  who  ciui  look  ahead. 

The  internal  combustion  engine  holds  out  the  opportunity,  and 
about  the  only  opportunity  there  is  in  sight  to  accomplish  this  end. 
Perhaps  it  is  thought  that  the  locomotive  will  always  have  to 
remain  a  steam  locomotive.  It  is  also  believed  that  this  is  a  field 
which  the  internal  combustion  engine  will  soon  invade,  and  invade 
successfully.  The  inventive  genius  of  the  country  will  surely  pro- 
vide a  meaiLS  of  building  locomotives  with  continuous  gas  producers 
instead  of  boilers,  and  with  the  internal  combustion  engine  instead 
of  the  steam  engine  underneath  them.  There  is  no  question  in  the 
world  but  that  this  can  be  done,  and  successfully  done  with  crude 
oil  for  fuel,  and  that  such  engines  will  operate  for  practically  20  to 
25  per  cent,  of  the  cost  of  fuel  that  is  now  necessary  with  the  steam 
locomotive,  that  the  boiler  repairs  will  be  practically  eliminated 
from  among  railroad  troubles,  and  is  further  believed  that  Ameri- 
can genius  will  also  find  the  way  to  successfully  make  gas  producers 
acting  continuously  which  will  produce  the  volume  of  gas  needed 
for  heavy  locomotive  service  as  required  by  the  engine  without  any 
need  for  storage. 

The  internal  combustion  engine  has  only  recently  taken  a  new 
lease  of  life ;  the  great  minds  of  the  country  have  only  recently 
set  to  work  to  develop  it.  Its  efficiency  to-day  can  be  compared 
with  the  efficiency  of  the  steam  engine  fifty  years'  ago ;  what  its 
efficiency  will  be  ten  years  from  now  can  only  be  guessed,  but  it 
is  quite  likely  that  it  will  produce  a  brake  horse-power  ultimately 
for  Mi  lb.  of  average  grade  of  coal  per  hour. 

It  is  quite  likely  that  the  future  will  see  coal  largely  turned 
into  gas  right  at  the  pit  mouth  of  the  mines  and  either  driven 
through  gas  mains  to  the  sources  of  consumption  or  by  gas  engines 
of  great  power  and  dynamos  there  turn  the  energy  of  coal  into 
electricity  to  be  carried  off  to  where  power,  heat  and  light  are 
needed,  by  wire. 


TON-MILE  STATISTICS  OF  SWITCHING  LOCOMOTIVES. 


COMMITTEE C.    H.    QUEKEAU,    G.    B.    HENDEESON,    G.    L.    FOWLEB. 


Editob's  Note. — This  report  contains  a  reprint  of  a  mileage 
record  of  switching  locomotives  taken  for  the  Railroad  Gazette  by 
Mr.  George  L.  Fowler,  and  concludes,  with  the  following  oDser- 
vations : 

In  view  of  the  care  with  which  these  records  were  taken,  the 
length  of  time  covered  in  each  case  and  the  fairly  close  agreement 
of  the  several  records,  it  seems  fair  to  conclude  that  the  results 
agree  reasonably  with  the  facts.  On  this  basis,  three  miles  an 
hour  for  switch  engines  doing  freight  work  and  three  and  onerhalf 
miles  an  hour  for  passenger  switch  engines  appear  to  be  a  fair 
credit.  If  we  had  ecjually  reliable  data  as  to  the  average  tonnage 
handled,  a  comparatively  accurate  credit  of  ton-mileage  could  be 
proposed,  but  inasmuch  as  we  know  of  no  such  records  and  the 
credit  would  be  an  arbitrary  one,  we  have  thought  best  to  make 
no   recommendation. 


MASTER  CAR  BUILDEE^'  ASSOCIATION- 


THIRTY-SEVENTH    ANNUAL   CONVENTION. 


ABSTRACT   OF  REPORTS.— CONTINUED. 


CAST-IRON   WHEELS. 


committee — WM.    GAKSTANG,    W.    H.    LEWIS,    WM.    APPS,    J.    J. 

NESSEY. 


It  will  be  the  intention  in  this  report  to  eliminate  all  special  or 
individual  conditions  and  recommend  for  your  consideration  what 
seemed  to  your  committee  best  to  cover  the  conditions  as  they  now 
exist.  While  the  time  may  be  ripe  for  experiments  and  research 
along  new  lines  of  design  and  manufacture,  the  question  is  cer- 
tainly too  important  for  this  committee  to  recommend  any  radical 
changes  without  making  an  expensive  series  of  tests  extending  over 
several  years  and  it  is  the  opinion  of  your  committee  that  experi- 
ments of  this  kind  should  be  carried  out  solely  by  the  individual 
members  rather  than  assigned  to  committee.  There  were  sub- 
mitted to  the  committee  some  twenty  different  designs  of  wheels 
for  60.000,  80,000  and  100.000-lb.  cars  that  were  recommended  by 
the  wheelmakers  or  the  roads  using  them,  as  giving  satisfactory 
service  and  of  which  there  was  no  special  complaint  to  be  made. 
After  these  wheel  drawings  were  made  full  size  on  cardboajd  and 
cut  out,  it  was  surprising  to  see  the  difference  in  contour  of  the 
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plates.  This  naturally  raised  the  question,  if  the  exact  lines  of 
plates  were  of  any  vital  importance  or  had  any  effect  on  the  life 
or  wearing  qualities  of  the  wheel,  and  in  the  opinion  of  your  com- 
mittee it  does  not.  The  subject  being  interesting  and  to  see  what 
a  composite  wheel  made  from  all  of  these  good  designs  would  look 
like,  the  wheels  were  grouped  and  those  having  the  nearest  lines 
plotted  one  over  the  other  and  a  composite  drawing  made.  These 
drawings  were  again  plotted  and  a  representative  wheel  worked 
out  from  them.  These  final  wheels  are  shown  by  drawings  1,  2  and 
3,  and  while  they  might  not  give  any  better  satisfaction  than  any 
of  the  designs  from  which  they  were  made  they  certainly  make  a 
very  handsome  looking  wheel  and  in  the  opinion  of  your  committee 
would  make  a  wheel  at  least  equal  to  the  best  design  now  in  use 
and  one  safe  to  be  followed  in  making  new  patterns.  These 
drawings  do  not  show  the  composite  lines  for  thickness  through 
the  throat,  or  hub  lines,  of  the  wheels  submitted,  but  show  these 
lines  as  recommended  by  the  committee  for  adoption. 

Your  committee  has  gone  into  the  matter  of  design  without  being 
able  to  come  to  any  conclusion  that  would  justify  a  reduction  in 
weight  without  an  improvement  in  the  quality  of  metal  used,  and 
the  question  of  quality  of  material  to  be  iLsed  seems  to  be  one  that 
it  is  absolutely  impossible  for  your  committee  or  those  roads  not 
manufacturing  their  own  wheels  to  control.  As  mentioned  earlier 
in  this  report,  the  special  cases  where  wheels  are  manufactured  at 
home  cannot  be  taken  as  a  basis  for  the  vast  majority,  who  have 
to  secure  their  wheels  in  the  open  market.  Especially  is  this  the 
case  when  the  wheelmakers  advise  that  any  special  brand  or  make 
of  iron  that  should  be  specified  would  only  result  in  a  radical  in- 
crease of  price  without  a  corresponding  increase  in  the  guarantee. 


Your  committee  also  believes  that  a  specification  of  this  kind  would 
result  in  very  serious  delays  and  a  final  acceptance  of  wheels  made 
of  such  iron  as  the  manufacturer  could  secure  of  grades  he  has 
been  accustomed  to  use  and  which  he  is  willing  to  guarantee. 
Therefore  the  only  recommendation  governing  this  point  is  one 
limiting  the  per  cent,  of  scrap  to  new  iron  used. 

For  the  reason  given  your  committee  recommends  the  following 
weights  of  wheels : 

For  cars  of     00,000  lbs.  capacity,  600  lbs. 

For  cars  of     80,000  lbs.  capacity,  650  Ids. 

For  cars  of  100.000  lbs.  capacity,  700  lbs. 
With  a  minimum  weight  allowed  in  interchange  of  5S0,  030  and  680 
lbs.  and  further  recommend  that  all  wheels  cast  in  the  future  have 
their  normal  weight  cast  on  the  outside  plate  in  figures  not  less 
than  1%  in.  long  and  %  in.  high. 

It  is  the  further  recommendation  of  your  committee  that  the 
present  wheel  specifications  be  changed  to  include  the  weights 
adopted  for  wheels  for  00,000,  80,000  and  100,000-lb.  cars;  that 
they  require  the  normal  weight  of  the  wheel  cast  on  the  plate  in 
letters  not  less  than  l\i  ins.  long;  that  the  amount  of  old  wheels 
allowed  in  mixture  be  not  more  than  60  per  cent,  of  the  total 
charge.  That  the  chill  be  not  less  than  %  in.  or  more  than  1  in. 
in  the  tread  or  throat. 

That  the  drop  test  be  changed  to  make  the  test  a  failure  if  the 
wheel  cracks,  checks  or  breaks,  in  the  flange,  rib  or  plate,  and  that 
the  test  shall  be  ten  blows  of  the  140-lb.  weight  falling  12  ft.  for 
600-Ib.  wheels  or  wheels  for  60,000-lb.  cars;  13  ft.  for  Oou-io. 
wheels  or  wheels  for  80,000  lb.  cars,  and  14  ft.  for  700-lb.  wheels  or 
wheels  for  100,000-lb.  cars. 


FIG.  1. 


FIG.    2. 


no.  3. 


STANDARD   REQUIREMENTS   FOR   HIGH-SPEED   FOUN- 
DATION BRAKE  GEAR  FOR  PASSENGER  SERVICE. 


COMMITTEE — F.    M.    WHTTE,    F.    H.    CLARK,    U.    N.    DURBOBOW,    J.    W. 
LUTTBEL,    C.    A.    SCHEOYEB. 


The  Hodge  system  of  levers  is  shown  in  the  diagrams,  and  the 
levers,  rods  and  other  parts  are  calculated  for  this  system ;  if  some 
other  system  of  levers  is  used,  it  is  recommended  that  the  calcu- 
lations be  based  upon  the  fundamental  data  which  are  given  below. 
The  designs  have  been  submitted  to  the  important  air-brake  manu- 
facturers and  have  received  the  endorsements  of  such  manufac- 
turers. 

FUNDAMENTALS. 

Following  are  the  fundamentals  of  the  design : 

Braking  power  to  be  90  per  cent,  of  the  light  weight  of  the  car. 

Equalized  pressure  in  brake  cylinder,  60  lbs.  per  square  inch. 

Maximum  pressure  in  brake  cylinder,  85  lbs.  per  square  inch. 

Maximum  stress  in  levers,  23,000  lbs.  per  square  inch. 

Maximum  stress  in  rods,  except  jaws,  15,000  lbs.  per  square 
inch ;  no  rod  to  be  less  than  %  in.  in  diameter. 

Maximum  stress  in  jaws,  10,000  lbs.  per  square  inch. 

Maximum  shear  on  pins,  10,000  lbs.  per  square  inch. 

Diameter  of  pins  to  provide  a  bearing  value  not  to  exceed  23,- 
000  lbs.  per  square  inch. 

The  reduction  of  stresses  in  r9ds,  levers  and  jaws  due  to  friction 
of  the  foundation  brake,  and  the  reduction  of  braking  power  due 
to  the  same  cause  and  to  the  action  of  release  springs,  were  neglect- 
ed because  it  was  considered  to  be  too  difficult  to  determine  their 
value  even  with  a  fair  degree  of  accuracy. 

SIX-WHEEL    TEUCKS. 

The  committee  did  not  know  the  weight  of  the  lightest  car  car- 
ried on  six-wheel  trucks  nor  the  weight  of  the  heaviest,  therefore 


it  was  assumed  that  if  cars  weighing  80,000  lbs.  to  137,000  lbs. 
were  properly  provided  for  then  the  actual  limits  of  weight  would 
be  provided  for  very  satisfactorily.  The  higher  limit  of  137,000 
lbs.  was  decided  upon  because  certain  pins  and  other  parts  would 
need  to  be  increased  in  diameter  in  order  to  fulfil,  for  heavier  cars, 
the  fundamental  conditions  prescribed  in  the  foregoing.  The 
brake  rigging  designed  for  the  cars  having  six-wheel  trucks  can  be 
used  to  brake  a  car  weighing  137,000  lbs.  to  87.5  per  cent,  without 
exceeding  the  maximum  stress  prescribed. 

The  committee  submit  schedule  "A-1"  for  cars  weighing  80,000 
to  100,000  lbs.  and  schedule  "A"  for  cars  weighing  100,000  to 
137,000  lbs.  and  having  six-wheel  trucks ;  the  difference  between 
these  schedules  is  that  a  16-in.  brake  cylinder  is  to  be  used  for 
schedule  "A"  and  a  14-in.  brake  cylinder  is  to  be  used  for  schedule 
"A-1,"  otherwise  they  are  the  same.  The  location  of  the  fulcrum 
hole  in  the  cylinder  lever  is  made  to  vary  by  quarters  of  an  inch 
to  suit  the  weight  of  the  cars,  but  only  one  fulcrum  hole  sh^H  be 
drilled   in  each   lever. 

With  schedule  "A"  there  should  be  used  a  brake  beam  suitable 
for  a  load  of  28,000  lbs.,  and  with  schedule  "A-1"  there  should  be 
used  a  brake  beam  suitable  for  a  load  of  22,000  lbs.  imposed  at  the 
middle  of  the  beam. 

Before  deciding  to  recommend  a  uniform  size  of  levers,  rods  and 
pins  for  all  cars  with  six-wheel  trucks  and  weighing  from  80,000 
to  137,000  lbs.  there  were  laid  out  two  brake  riggings  in  accord- 
jince  with  the  fundamental  data  decided  upon.  One  rigging  was 
designed  for  cars  weighing  from  80,000  to  100,000  lbs.  and  the 
other  for  cars  weighing  from  100,000  to  133,000  lbs.  and  the  weights 
of  the  parts  for  each  were  calculated.  It  was  found  that  the  dif- 
ference in  the  weights  for  the  body  parts  was  57%  lbs.  and  the 
difference  in  weights  of  parts  for  two  trucks  was  67  lbs.,  a  total 
of  124%  lbs.  for  one  ear.  It  was  considered  that  economy  would 
result  from  the  use  of  one  set  of  levers,  rods,  jaws  and  pins  for 


AiHiUST,   1903. 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.    309 


■  J-9'- 
SI.Z-/I 


ix:l~^:::el^ 


i^=*-    *^P= 


^^Szz^ 


^'                   -rr 

/29id0rs/S/00 

ft-     •             .   2/>; 

/33Soet>/3^eo 

WfTK's,  //  1    -;  |^(?i- 

KOUNDATION    liKAKE   FOR   PAHSENUEB   <AHS.    WITH    IIHiH-SPEEU    HUAKKS.       .SCHEDULE.S   A  AND   A-1. 
CAKS   WEICHIMU    80,000  TO    137,000    LBS.       6-WHEEL  TRACKS.- 


V-T-i-t-B  7--/.  2 -a -I 


FO/7  c/lf/i  mfCMNG  SOOOOTO  /OOOOISS 


oursioE  HOfja  a/rAtf£s. 


jB-OZ-B  1"°'       "oA^T-ui-B        \-T--t.,-B 

f-B-L z-g\J     7-cg-a.  y 


//V3/0£  HC//VG    B/f^/f£S. 


/£'  affAK£  CniND£/f 


S7300ro59000paOroa74     G 
59J00T0GO8OO  sae7oa73\7 


6^351^^  V  627iX?^00  70373 1 
6ZeOOro  &46dd3coro8?S   3 

66sdo  7b  6e?tx3Qcrog7i' 


<ga£k3ro^fl<»|swo>aa7^1/g    lSl'\/74- 


itrjisr 


ti. 


1ST 


'ZIL 


TABIC  a 
SCH£Ot/l£  3 

^a/f  CAfis  iur/ff/f/AG  7QOOO  ro90i)cai  bs 


FOUNDATION    BRAKE   FOR   PAMSENGER   CARS,    WITH    HIGH-SPEED   BRAKES.       .SCHEDULES   B    .\-\U   B-1. 
CARS    WEIGHING    50,000    TO   90,000    LB.S.       4 -WHEEL   TRUCKS. 


3ce-e~.    B-cs-c-~^  b-c4--c 
■  r-cz-c 


B-C4--C'    ^S-C  £-C 

OUTSIDE  HUNG   bff/IKE-s. 

^B-C3-C 

B-cZ-c^     l-r.,,-cz-i  V-T-i./- 


/AS/Oe  HUNG  Bf?/fH'£S. 


SCHfOflf    c. 
fVTtCTtffS n£/S»/VG  33tOOO  To  SOOOOI-8S- 


zsecc:  -' 


\I31 

VST 
\iei 


■Si    '7i 


\478007oS0O0J^0^oaut\8   \/5i'\'7l 


^2- /?' 


n'l  I!  !i 

e-Li-c 


FOUNDATION    BRAKE  FOR   PASSENGER   CARS,    WITH   HIGH-SPB:ED   BRAKES.       SCHEDUIX   C. 
CABS    WEIGHING   LESS    THAN    50,000    LBS.      4-WHEEL   TRUCKS. 


310 


AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


all  cars  having  six-wheel  trucks  and  weighing  from  80,000  to 
137.0tX)  lb.s.  iiLstcad  of  iising  two  sets  of  levers,  rods,  jaws  and 
pins  for  such  cars,  and  the  recommendations  correspond  with  this 
idea. 

FOUR-WHEEL    TRUCKS. 

The  greatest  weight  of  cars  equipped  with  four-wheel  trucks 
was  taken  as  IKl.UdU  lbs.  As  for  the  cars  having  six-wheel  trucks, 
two  brake  riggings  were  lirst  designed,  one  for  cars  weighing  from 
50,000  to  7O,0OU  lbs.,  and  one  for  cars  weighing  from  70,000  to 
88.CK)0  lbs.,  and  the  ditferences  in  weights  of  parts  were,  for  body 
parts  o5  lbs.,  and  for  parts  for  two  trucks  42  lbs.,  a  total  of  77 
lbs.  Therefore  it  was  considered  desirable  to  recommend  one  sys- 
tem of  levers,  rods,  jaws  and  pins  for  all  cai-s  weighing  from  50,- 
000  to  1)0,000  lbs.  and  having  four-wheel  trucks. 

The  brake  designed  for  cars  weighing  88,000  lbs.  can  be  used 
to  brake  a  car  weighing  90,800  lbs.  io  87.4  per  cent,  without  ex- 
ceeding the  m.oximum  stresses  prescribed. 

Schedule  "B-l"  is  for  cars  weighing  50,000  to  70,000  lbs.  and 
having  four-wheel  trucks,  and  schedule  "B"  is  for  cars  weighing 
from  70,000  to  90,000  lbs.  and  having  four-wheel  trucks,  the  dif- 
ferences between  the  two  being  that  a  14-in.  brake  cylinder  is  to 
be  used  with  schedule  "B,"  cars  weighing  70.000  to  90,00  lbs.,  and 
a  12-in.  brake  cylinder  is  to  be  used  with  schedule  "B-l,"  cars 
weighing  50,000  to  70.000  lbs. ;  also  that  with  schedule  "B"  there 
should  be  used  a  brake  beam  suitable  for  a  load  at  the  middle  of 
28,000  lbs.,  the  same  as  for  schedule  "A,"  and  with  schedule  "B-l" 
there  should  be  used  a  brake  beam  suitable  for  a  load  at  the  middle 
of  22,000  lbs.,  the  same  as  for  schedule  "A-1." 

The  proper  braking  power  for  the  weight  of  car  is  obtained  by 
the  location  of  fulcrum  hole  in  the  cylinder  lever. 

Schedule  "C"  needs  only  a  few  words  of  explanation.  It  was 
designed  for  cars  weighing  50.000  lbs.  and  less,  equipped  with  four- 
wheel  trucks.  A  10-in.  brake  cylinder  is  to  be  used  with  this 
schedule  and  a  brake  beam  suitable  for  a  load  at  the  middle  of  15,- 
200  lbs. 

PINS    AND    ROD    JAWS. 

For  all  the  schedules  suggested  thei-e  be  required  a  total  of 
eight  different  pins ;  one  of  the  pins  is  a  present  M.  C.  B.  Stan- 
dard. Of  the  eight  there  are  four  different  diameters.  The  pins 
are  numbered.  There  are  ten  different  rod  jaws  required  for  all 
the  schedules  and  these  are  made  of  four  different  sizes  of  iron. 

DESIGNATION  OK  BODS  AND  LEVERS. 
On  the  drawings,  the  location  of  levers  and  rods  are  designated 
by  letters,  the  fii-st  letter  in  the  designation  distinguishes  between 
body  and  truck.  The  second  letter  distinguishes  between  the  levers 
and  the  connections.  The  figure  following  the  second  letter  is  the 
distinctive  number  for  the  lever  or  connection  :  and  following  this 
figure  is  the  schedule  letter'  to  which  the  lever  or  connection  be- 
longs. Thus  B-C2-B  means  body  connection  number  two  (second 
from  cylinder  piston  rod),  of  schedule  "B" :  also  T-L2-B  would 
mean  truck  lever  number  two  for  schedule  "B." 


side  bearings  than  with  the  ordinary  flat  cast  iron  plate.  On  ac- 
count of  the  inability  to  thoroughly  test  out  the  side  beariugs,  the 
recommended  distance  froin  center  of  center  plate  to  center  line  of 
side  bearing  was  not  obtained.     Replies  from  various  members  of 


Schedule 
designation 

A. 

Light  weights 
of  cars. 
(Lbs.) 
100,000 

to 
137,000 

Type  of 
truck. 

6-wheel 

Size  of  brake 
cylinder. 

16  Ins. 

Maximum  load 

at  middle 
of  brake  beam. 

28,000  lbs. 

A-1. 

80,000 

to 

100,000 

6-wheel 

14  ins. 

22,000  lbs. 

B. 

70,000 

to 
90,000 

4-wlieel 

14  Ins. 

28,000  lbs. 

B-l. 

50,000 

to 
70,000 

4-wheel 

12  ins. 

22,000   lbs. 

C. 

50,000 
and  less. 

4-wheel 

10  ins. 

15,200  lbs. 

There  have,  been  brought  together  in 
data  of  each  schedule  so  that  by  referrin 
schedule  for  any  particular  car  may  be 


Table  I.  the  distinctive 
g  to  the  table  the  correct 
found  quickly. 


SIDE  BEARINGS  AND  CENTER  PLATES. 


Committee — T.  W.  Demarest,  A.  E.  Benson,  J.  W.  Luttrell,  G.  N. 
Dow. 

In  summing  up  the  results  obtained,  the  minimum  flange  resist- 
ance was  obtained  with  the  flat  plate,  "Form  A,"  of  chilled  cast 
iron.  The  projected  area  of  this  plate  was  100.14  sq.  ins.  In  order 
to  determine  the  best  size  of  this  plate,  six  different  plates  were 
constructed,  ranging  in  area  from  100.14  S(i.  ins.  to  40.793  sq.  ins. 
The  results  obtained,  as  noted  in  the  tables  and  on  the  cards,  are 
so  close  that  it  is  difficult  to  say  which  will  be  the  best  area  to 
adopt.  Apparently,  the  flat  plate  with  an  area  of  8(5.738  sq.  ins., 
using  as  a  basis  a  smooth  c.-isting.  no  lubrication,  gave  the  best 
general  results,  and  a  flat  plate  of  this  description  is  recommended 
to  the  a.ssociation  as  the  standard  form  of  center  plate. 

It  will  be  noted  also  that  two  ball  bearing  center  plates  were 
tried.  These  center  plates  gave  such  remarkable  results  that  there 
can  be  no  question  of  a  reduction  in  flange  resistance  by  their  use. 
One  road  has  been  using  for  a  n\imber  of  years  now  a  ball  bearing 
center  plate,  and  in  so  far  as  durability  is  concerned,  the  plates  are 
reported  as  giving  entire  satisfaction.  It  is  recommended  to  the 
association  that  during  the  coming  year  the  members  equip  a  num- 
ber of  cars  with  ball  bearing  center  plates,  in  order  to  a.scertain 
more  fully  their  durability. 

A  number  of  side  bearings  were  also  tried,  but  these  experiments 
could  not  be  completed,  as.  in  order  to  test  the  different  makes,  it 
would  have  been  necessary  to  reconstruct  the  machine,  which  time 
would  not  permit.  In  so  far  as  the  tests  were  carried  out,  however, 
the  results  indicate  very  much  less  flange  resistance  with  the  roller 
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the  association  indicate  this  distance  to  run  from  24  to  321^  ins. 
In  the  tests  as  conducted  the  distance  was  taken  as  25  ins. 

While  the  committee  recommends  to  the  association  a  staudai'd 
form  of  center  plate,  as  Plate  "A,"  there  is  no  doubt  in  the  minds 
of  the  committee  that  if  the  ball  bearing  center  plates  and  side 
bearings  are  durable  in  service  a  very  greatly  decreased  flange  re- 
sistance will  be  obtained. 


GOLD    CAR    HEATING    &    LIGHTING    COMPAN  r. 


The  amount  of  Gold  heating  apparatus  sold  during  the  past  year 
was  nearly  double  that  of  any  former  year  since  the  origin  of  this 
business.  Not  only  has  the  tremendous  increase  taken  place  in  its 
steam  railway  car  heating  department,  but  the  electric  heating 
branch  has  developed  and  improved  very  materially  as  well. 

The  trade  of  this  company  is  increasing  continually.  During 
the  past  three  months  the  number  of  cars  and  locomotives  for  which 
orders  for  heating  equipment  have  been  I'eceived  has  been  very 
gratifying.  Among  others,  it  is  interesting  to  note  that  a  few  of 
the  orders  recently  taken  by  the  Gold  Company  for  cars,  locomotive 
and  electric  car  heating  equipment  are  as  follows : 

Equip- 
ments. 

Canadian  Pacific 290 

Brooklyn   Heights   Railroad    240 

Missouri  Pacific    125 

Wabash 105 

Erie    102 

New  York,  New  Haven  &  Hartford   101 

Massachusetts   Electric   Companies    100 

Metropolitan   Street   Railway    100 

Southern    79 

Louisville    Railway    75 

Central  Railroad  of  New  Jersey   58 

New  York  Central  &  Hudson  River    45 

New  Orleans  &  Northeastern   40 

Boston   &  Albany 37 

Cleveland.   Cincinnati,  Chicago  &  St.   Louis    36 

Denver  &  Rio  Grande    35 

Chicago  &  Eastern  Illinois    32 

"Western  Maryland    21 

South   Side  Elevated    20 

Scranton    Railway    15 

Nashville,  Chattanooga  &  St.  Louis 21 

M.,  St.  P.  &  S.  S.  M 22 

Cincinnati,  Hamilton  ,Si  Dayton   12 

Texas  &   Pacific    24 

Georgia  Railroad    4 

Lake  Shore  &  Michigan  Southern   15 

Boston    &   Maine    28 

New  Y'ork,  Ontario  &  Western    14 

Delaware.  Lackawanna  &  Western    25 

Chesapeake  &   Ohio    5 

Atlanta  &  West  Point    6 

Central   of   Georgia    14 

Alabama  Great   Southern    4 

Cincinnati,  New  Orleans  &  Texas  Pacific    14 

Vicksburg,   Shreveport  &  Pacific    8 

Alabama   &    Vicksburg    6 

Mobile  &  Ohio    15 

Louisville   &   Nashville    3 

The  above  are  but  a  few  of  the  many  contracts  received  within 
the  last  few  months.  As  a  matter  of  fact,  during  the  short  period 
mentioned  the  company  has  sold  nearly  4,000  sets  of  its  heating 
equipment  in  the  United  States  alone.  During  the  past  month  an 
order  has  also  been  received  for  the  shipment  of  several  thousand 
.sets  of  its  specialties  abroad. 

A  short  time  ago  a  contract  was  closed  with  the  Atlantic  Coast 
Line  to  cover  the  use  of  Gold  Car  Heating  and  Lighting  Company's 
system  on  all  of  the  passenger  cars  and  locomotives  of  the  Atlantic 
Coast  Line,  Plant  System  and  the  Charleston  &  Western  Carolina. 
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Within  the  past  few  days  the  New  York  Central  &  Iliidsdn  River 
Itailniiid.  toKotlier  with  tlie  Jy.\kc  Shore  Itailway,  and  tlie  lines 
which  they  operate,  decided  to  adopt  the  company's  improved  large 
size  (iold  straight  port  steam  coupler  for  use  on  all  of  their  cars 
and  locomotives. 

The  imlilled  contracts  on  the  hooks  of  the  Cold  Company  at  the 
present  time  are  larger  than  ever  before  in  its  history.  At  the  last 
meeting  of  directors  the  regular  i|uarterly  divideml  of  li  per  cent., 
together  with  an  e.xtra  dividend  of  !)  per  cent.,  wa.s  declared.  All 
of  the  company's  devices  have  heen  improved  from  time  to  time, 
and  in  their  latest  systems  many  ingenions  and  valuable  f<'a(ures 
are  apparent  and  most  highly  commended.  The  very  general  adop- 
tion of  its  car,  locomotive  and  electric  heating  apparatus  all  over 
the  world  where  modern  appliances  of  this  kind  are  used,  speaks 
volumes  for  the  merit  of  the  Improved  Gold  Systems  of  Car  Heat- 
ing. The  main  olflce  of  (iold  Car  Heating  and  Lighting  Company 
is  at  Frankfort  and  Cliffs  streets.  New  York  City.  The  other 
offi<'es  of  the  coni]iauy  are  at  Chicago  and   London. 


A  STUDY  OF  ALLOYS  FOR  BEARING  PURPOSES. 


In  an  admirable  paper  on  this  subject  read  before  the 
Franklin  Institute,  Mr.  G.  H.  Clamer,  of  the  Ajax  Metal  Com- 
pany, Philadelphia,  presented  an  interesting  study  of  white 
metals  and  bronzes.  He  described  tests,  discussed  various 
proportions  of  bronzes  and  showed  how  his  investigations 
corroborated   other  welMuiown  authorities.     As  a  result   of 


much  experimenting  a  new  alloy  was  developed,  concerning 
which  he  made  the  imiwrtanl  statements  given  below.  Readers 
are  refei-red  to  the  paper  itself  for  the  complete  discussion. 

"Thin  alloy  is  now  known  in  the  trade  as  'Plastic  Bronze,'  and 
has  become  a  thoroughly  commercial  article.  It  has  been  on  the 
market  hardly  three  years,  but  has  been  made  in  an  amount  which 
approxiuuites  4,(KM),000  lbs.  It  has  been  cast  in  all  manner  of 
patterns  weighing  from  a  fraction  of  a  pound  to  over  1.000  lbs. 
each,  and  is  handled  as  readily  in  the  foundry  as  phosphor  bronze, 
m.ingane.se  bronze  or  any  of  the  more  common  alloys.  Castings 
are  sharp  and  clean.  It  machines  readily,  and,  in  fact,  possesses 
all   the  (|ualilicatious  cs.sential  for  practical  purj'oses. 

"Having  accomplished  the  production  of  an  alloy  containing  up- 
wards of  20  |jer  cent,  lead,  the  next  object  wa.s  to  test  it  in  the 
manner  of  the  previous  ones,  the  tin  being  kept  constant  at  5  per 
cent. 

"The  alloy  which  we  have  adopted  consistent  with  proper 
strength  for  general  purposes  and  with  the  best  foundry  results  is: 
<  'opper,  04  per  cent. ;  tin,  5  per  cent. ;  lead,  30  per  cent.,  and  nickel, 
1   per  cent. 

"It  will  be  noted  that  what  is  true  of  the  alloys  of  15  per  cent 
lead  iind  imder,  as  examined  by  Dr.  Dudley,  is  also  true  of  the  high- 
lead-content  alloys,  viz :  that  the  rate  of  wear  diminishes  with  in- 
crease of  lead,  or,  in  other  words,  the  rate  of  wear  diminishes  with 
Ihe  diminishing  <omi)ressive  strength  or  increased  plasticity  of  the 
alloy.  This  alloy  has  plasticity  resembling  Babbitt  metals,  and 
for  this  reason  can  fairly  be  expected  to  show  a  less  tendency  to 
become  heated.    This  has  been  amply  proven  in  actual  .service." 
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AMERICAN    BLOWER    COMPANY'S    NEW    OFFICE 
BUILDING. 


He-ming  a.ni)  Ventilating  System. 


The  accompanying  cuts  show  the  spacious  new  office  build- 
ing of  the  American  Blower  Company  of  Detroit,  Mich.  The 
business  of  this  company  has  increased  so  rapidly  during  the 
last  two  years  that  the  old  offices,  which  occupied  valuable 
space  in  one  of  the  factory  buildings,  became  entirely  inade- 
quate to  accommodate  the  increased  office  force. 

The  first  floor  is  occupied  entirely  by  the  different  commer- 
cial departments,  while  the  second  floor  is  used  by  the  engi- 
neering and  drafting  departments.  The  basement  is  used  for 
the  storage  of  catalogues,  letter  files,  etc.  The  blue-print  and 
dark  room  are  provided  for  on  the  roof,  being  located  in  that 
position  to  secure  the  best  light  for  sun  printing. 

The  main  interest  in  the  equipment  of  this  building  is  in 
the  mechanical  system  of  heating  and  ventilating.     As  the 


manufacture  of  heating  and  ventilating  apparatus  forms  a 
large  part  of  the  American  Blower  Company's  business,  this 
part  of  the  office  equipment  naturally  received  due  attention. 
The  apparatus  is  located  at  one  side  of  the  basement  as  shown 
on  the  accompanying  plan.  The  fresh  air  enters  the  building 
through  the  basement  window  F  and  by  means  of  the  fan  A 
IS  drawn  over  a  coil  of  pipes,  E,  called  the  tempering  coil. 
The  steam  pipes  in  this  tempering  coil  are  just  sufficient  in 
number  and  length  to  heat  the  volume  of  entering  air  to  a 
temperature  of  65  or  70  degs.  The  fresh  air  is  then  drawn 
into  the  fan  and  forced  over  another  heater,  D.  This  is  the 
main  heater  and  is  designed  to  heat  the  air  to  about  140  degs. 
Beyond  the  heater  is  located  a  large  brick  chamber,  C,  called 
the  plenum  chamber.  This  serves  as  a  reservoir  for  the  heated 
air,  and  from  this  chamber  the  air  is  conveyed  by  galvanized 
iron  pipes.  H,  to  the  various  offices.  Under  the  main  heater,  D. 
is  a  passage  or  by-pass,  as  it  is  called,  which  permits  a  part  of 
the  air  from  the  fan  to  pass  under  the  main  heater  coil  and 
into  the  plenum  chamber.    This  passes  into  the  lower  section 
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of  the  plenum  chamber,  which  is  separated  from  the  upper 
part.  Thus  the  plenum  chamber  is  divided  into  two  parts,  as 
shown  by  accompanying  sectional  elevation,  the  upper  cham- 
ber containing  hot  air  at  approximately  140  degs.  and  the 
lower  section  tempered  air  at  70  degs.  As  shown  by  this  sec- 
tional view,  each  individual  pipe  leading  off  to  the  offices  above 
has  two  connections  to  this  plenum  chamber,  one  branch  to 
the  upper  section  and  another  to  the  lower.  In  each  main 
where  the  pipe  divides  into  these  two  sections  there  is  located 


building.  Thus  while  one  fan  is  discharging  pure  warm  air 
into  the  building  the  other  fan  on  the  same  shaft  is  drawing 
out  the  impure  air.  This  is  the  main  feature  of  mechanical 
ventilation  which  has  brought  it  into  such  general  favor  dur- 
ing the  last  few  years  for  use  in  public  buildings. 

The  condensation  from  the  heating  apparatus  is  returned 
to  a  Webster  feed-water  heater  located  in  the  engine  room  of 
the  factory.  This  same  system  handles  all  the  condensation 
from   two  other  heating  plants   located   in   the   factory.     Thr' 
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a  set  of  double  swinging  dampers,  or  mixing  dampers.  Each 
set  of  these  dampers  is  controlled  automatically  by  a  dia- 
phragm valve  shown  on  the  outside  of  the  pipe  in  the  sec- 
tional view.  These  automatic  valves  are  part  of  a  system  of 
automatic  heat  control  which  was  furnished  by  the  Johnson 
Electric  Service  Company,  of  Milwaukee,  Wis.  These  valves 
are  operated  by  compressed  air,  which  is  supplied  by  a  small 
air  compressor  located  in  the  basement.  This  compressor 
works  by  city  water  pressure  and  delivers  air  at  about  15  lbs. 
pressure.  On  the  expansion  or  contraction  of  a  piece  of  brass 
and  steel  in  the  thermostat,  air  pressure  is  admitted  or  cut 
off  from  the  diaphragm  valve  and  the  mixing  dampers  are 
swung  one  way  or  the  other,  as  the  case  may  be.  It  will  be 
noted  that  these  mixing  dampers  in  swinging  do  not  cut.  off 
the  flow  of  air,  but  simply  vary  the  proportion  of  hot  and 
tempered  air  as  controlled  by  the  thermostat  to  maintain  a 
constant  temperature  in  the  room.  Thus  a  constant  flow  of 
pure  air  of  the  proper  temperature  is  maintained  at  all  times. 
Under  the  tempering  coil  there  is  also  a  by-pass  similar  to 
the  one  under  the  main  heater.  This  by-pass  is  fltted  with  a 
swinging  damper,  which  is  controlled  by  a  thermostat  placed 
in  the  upper  part  of  the  plenum  chamber.  Thus  if  the  air 
in  the  plenum  chamber  becomes  too  hot,  the  thermostat  opens 
the  damper  under  the  tempering  coil  and  allows  the  entering 
air  to  pass  under  the  tempering  coil  instead  of  through  it. 
The  air  is  admitted  to  each  room  at  a  point  of  about  8  ft. 
above  the  floor. 

The  fan  is  operated  by  a  direct-connected  vertical  engine. 
This  engine  is  also  the  American  Blower  Company's  own  make 
and  is  specially  designed  for  this  class  of  work.  Another 
unique  feature  of  this  plant  is  the  exhaust  fan,  which  is 
direct-coupled  to  the  same  engine  which  runs  the  heating 
fan  and  which  draws  the  impure  or  vitiated  air  out  of  the 


advantage  of  this  vacuujn  system  is  that  it  eliminates  the 
back  pressure  from  the  factory  engine  when  using  exhaust 
steam  for  heating  and  also  removes  the  air  from  the  heating 
coils  and  connecting  pipes  as  fast  as  it  accumulates,  thus  mak- 
ing the  heating  surface  far  more  effective  than  it  otherwise 
would  be. 


MOGUL    METAL. 


The  T.  H.  Symington  Company  use  a  metal  for  their  journal 
boxes,  of  which  a  description  has  been  received  which  is  con- 
densed as  follows: 

The  crystalline  structure,  heat  treatment  and  condition  of 
the  carbon  content  are  factors  of  the  greatest  moment  in  iron 
and  steel.  In  a  long  period  of  experimental  work  this  company 
has  sought  a  metal  which  would  have  sufl5cient  density,  close 
crystalline  structure,  high  resilience  and  at  the  same  time 
maintain  the  fine  wearing  cjualities  of  cast  iron  "which  are 
noticeably  absent  in  malleable  iron.  The  results  obtained  are 
so  wonderful  and  far-reaching  that  we  have  practically  pro- 
duced a  new  metal,  which  we  have  named  'Mogul  Metal,'  which 
has  all  of  the  above  desired  characteristics  and  is  an  abso- 
lutely certain  obtainable  product." 

"Ferrite"  is  practically  pure  iron  and,  except  graphite,  is 
the  softest  constituent  of  cast  iron  products.  Ferrite  is  iron 
practically  free  from  carbon,  though  it  may  contain  other  im- 
purities. Fig.  1  illustrates  the  appearance  of  ferrite  as  it 
would  appear  under  a  powerful  microscope,  the  lines  reprc; 
senting  the  divisions  into  crystals.  "Cementite"  is  the  hardest 
constituent  of  iron  or  steel  and  is  a  definite  carbide  of  iron. 
It  does  not  occur  by  itself,  but  is  found  in  thin  layers  which 
are  straight  or  curved  and  alternating  with  thin  layers  of  fer- 
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rite.  These  layers  together  are  known  as  "pearlite."  With  the 
first  increment  of  carbon  in  wrought  iron  pearlite  forms  in 
the  corners  or  angles  of  the  crystals  and  has  the  form  indi- 
ralPil  in  Fig-.  2.  With  about  0..S  per  cent  of  carbon  the  pearlite 
has  the  appearance  of  Fig.  3.  With  more  carbon  than  this  the 
free  ccraentilc  appears  as  shown  in  Fig.  4,  and  as  it  increases 
the  free  ceniontife  entirely  surrounds  the  crystals  and  the 
pearlite  becomes  immersed  in  free  cementite.  The  carbon 
which  exists  in  the  mass  as  free  cementite  and  pearlite  may 
be  entirely  .changed  by  heat  treatment  into  the  form  of  small 
particles  of  free  carbon  uniformly  distributed  throughout  the 
mass  of  ferrite  which  is  simultaneously  formed  and  is  illus- 
Iratcd  by  I'^ig.  5.     In  this  form  the  carbon  l;nown  as  "temper 


Figure  One — Kcrrite   crys- 
tals C(jnt.'iiniiis;  no  carbon. 


Figure  Two — Ferrite  crys- 
tals with  less  than  .8  per 
cent,  carbon  in  form  of 
Pearlite. 


Figure  Three— I  r  on  with 
carbon  about  .Spereciit., 
all  in  form  of  Pearlite. 


Figure  Four— Iron  with 
carbon  in  excess  of  .8  per 
cent.,  showing  Pearlite 
and  free  Cementite. 


Figure  Five— Iron  in  wliicli       Figure  Six— Iron  in  which 
Pearlite  and  free  Cement-  Pearlite  and  free  Cement- 

ite has  been  broken  up  by  ite  has  been  broken  up  by 

beat  treatment  into  the  beat  treatment  into  Tein- 

forin  of  Temper  Carbon.  per  Carbon,  also  showing 

the  manner  in  which 
Graphitic  Carbon  exists 
througliout  the  mass  in 
cast  iron. 

ni.VCRA.MS    Itlil'RESK.XTIXli    STRUCTURE   OF  C.\ST   IRON. 

carbon"  e.xists  in  minute  holes  in  the  ferrite  crystals  and  does 
not  destroy  the  ductility  of  the  ferrite.  This  structure  is  some- 
what similar  to  common  commercial  malleable  iron.  The  way 
graphite  exists  in  iron  is  illustrated  in  Fig.  G,  where  the  black 
irregular  portions  are  graphite  imbedded  in  metal  .in  which 
combined  carbon  or  cementite  has  been,  by  heat  treatment, 
thrown  into  the  uniformly  distributed  temper  carbon  as  illus- 


trated In  Fig.  .0.  "Our  great  aim  is,  as  far  as  possible,  to  con- 
trol the  size  of  the  particles  of  graphite  carbon.  To  produce 
the  desired  structure  we  must  absolutely  control  the  amount 
and  size  of  grajthite  carbon  in  our  casting." 

What  is  sought  in  "Mogul  Metal"  is  wearing  qualities  su- 
perioi-  to  the  best  gray  iron,  and  far  superior  to  malleable  iron. 
The  control  mentioned  is  obtained  by  a  special  mixture  and  by 
the  use  of  ingredients  found  to  have  a  remarkable  and  pecu- 
liar effect  on  the  graphite  and  other  elements,  phosphorus, 
silicon,  sulphur  and  manganese,  and,  further,  by  the  heat 
treatment.  Having  developed  this  process,  this  company  uses 
this  metal  with  "certainty  that  it  will  meet  the  demands  of 
hard  railioad  usage.  The  metal  has  about  the  same  tensile 
strength  as  good  malleable  iron,  but  i.s  not  quite  so  ductile. 
It  can  bi'  slight  ly  bent,  but  cannot  be  ma.shed  out  of  shape 
without  breaking."  This  new  metal  Is  advocated  because  it 
will  hold  its  shape  and.  furthermore,  it  has  a  high  scrap  value, 
and  its  weight  is  about  the  same  as  malleable  iron.  The  gen- 
eral offices  of  the  T.  H.  Symington  Company  are  in  the  Calvert 
Ijuilding,   Baltimore,  Md. 


.Mr.    .Noi'tou    .\.    Mc;ir.>i    lias    been    niipoiiucd    sioickii.|,i.|-    „(    \\„. 
Iiidinun.    Ilbiiois    i.\:    Iowa    Kaiboad    at    Kniikrikc,-.    III. 


B00K5  AND  PAMPHLETS. 


The  Car  Kuilders'  Dictionary,  1003.  An  Illastrated  Vocabulary 
of  Terms  Which  Designate  American  Uallroad  Cars,  Their 
I'art.s,  Attachments  and  Details  of  Construction.  Compiled  for 
the  Master  Car  liuilders'  Association  by  Kodney  Ilitt.  Uhis- 
trated,  bound  in  leather.  Published  bv  the  Railroad  Uazcttc, 
83  Fulton  street.  New  York.      Price,  .$.").(((). 

The  first  edition  of  this  indi.spen.sable  book  was  published  in 
1879.  the  second  edition  appeared  in  18S4,  the  third  in  1.8'.>."i,  and 
the  present  volume  surpasses  the  others  in  every  respect.  It  not 
only  brings  the  subject  up  to  date,  but  its  general  character  in 
every  particular  is  notably  better.  The  standard  of  the  present 
volume  will  be  difficuh  to  improve  upon.  The  original  purpose  was 
to  standardize  the  terms  of  ear  construction.  This  has  given  the 
work  a  powerful  intiuence  in  the  actual  standardization  of  con- 
struction it.self.  so  that  the  consummation  of  a  standard  car  seems 
to  he  a  possibility.  Ir  is  to  be  hoped  that  the  ne.\t  edition  will 
contain  detail  drawings  of  a  standard  ear.  The  present  volume 
sives  evidence  of  most  intelligent  selection  of  subjects  for  illus- 
tration. The  general  plan  of  arrangement  is  not  changed,  but 
there  are  fewer  engraving.s.  The  value  of  the  book  is  incre.-jsed  by 
this,  because  only  construction  of  proved  merit  and  approved  prac- 
tice is  included.  Steel  ears  and  improved  draft  gears  naturally 
occupy  a  large  amount  of  space.  These  have  come  into  promi- 
nence since  the  appearance  of  the  previous  volume,  and  the  treat- 
ment accorded  them  is  a  record  of  progress  in  new  lines.  By  use 
of  half-tones  and  line  engraving.s.  photographic  views,  floor  plans, 
framing  plans  and  sections  of  wooden  and  steel  ears  are  shown  in 
siiliicient  numbers  to  cover  all  requirements  of  reference,  and  the 
<letails  of  ear  furnishings  and  equipment  are  presented  in  a  great 
variety.  The  book  is  not  disappointing  in  any  particular.  Special 
mention  should  be  made  of  the  uniformly  excellent  line  engravings. 
Our  readers,  being  familiar  with  the  earlier  editions,  will  lose  no 
time  in  securing  copies  of  this  one.  Those  who  do  not  know  the 
hiiok  need  ouly  be  told  that  it  affonls  a  liberal  education  in  the 
subject  of  ears  and  the  standards  of  the  M.  C.  B.  Association.  It 
is  a  pleasure  tor  the  reviewer  to  compliment  the  editor  and  pub- 
lishers upon  the  satisfactory  result  of  this  difficult  undertaking. 


Kailroad    Construction:     Theorv   and   Practice.      A   Text-Book   for 
the  I'se  of  Sliiiliuls  in  Colleges  and  Technical  Schools.     By  Wal- 
ter Loring  Webb.  C.K..  Assoc.  M..  .t.  S.  C.  E..  formerly  assist- 
ant  professor   of   civil   engineering.   University   of    Penn.sylvania. 
Seciuid  edition,  reset   and  enlarged.     ('iT.">  pages.     .Tobn   Wiley  & 
8on.  43  East  Nineteenth  street.  New  York.     VM'i.     Price.  $5.tK». 
The  book   in  its   revised  euitiou  is  in  pocket   form  and  the  ma- 
terial of  the  early  edition   is  retained  very   largely   in   its  original 
form,  except  in  size  of  page.     There  are  adde<l.  however,  about  IJIK* 
pages  of  new  matter,  which  should  make  it  of  greater  value  for  the 
IHirpose   intended,   as   stated   in   the  preface.     "The   author's   aim 
has  been  to  produce  a  text-book  for  students,  and  the  subject  mat- 
ter  has  therefore  been  cut  down   to  that   which   may  properly   be 
required  of  students  in  the  time  usually  allotted  to  railroad  work 
in  a  civil  engineering  curriculum."     About   IIKI  of  the  new  pages 
treat    of    miscellaneous    structures    and   buildings,    yards    and    ter- 
minals, block  signalling,  rolling  stock,  train,  resistance,  cost  of  rail- 
roads, the  last  of  which  is  generally  convenient  and  has  especia! 
value  in  connection  with  the  treatment  of  the  cost  of  items  of 
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-earthwork  contained  in  the  original  book.  Another  100  pages  are 
devoted  to  railroad  economics,  treating  of  operatm-'  expenses  and 
their  effect  upon  changes  in  distance,  curvature,  rise  and  fall 
(although  not  so  named),  grades,  ruling,  pusher  and  balanced  for 
unequal  traffic,  and  the  improvement  of  old  lines.  It  is  no  dis- 
credit to  Mr.  Webb  that  he  acknowledges  closely  following  Wel- 
lington's treatment  of  the  subject,  for  this  seems  yet  the  proper 
thing  to  do.  The  preface  says :  "Those  who  are  familiar  with 
the  late  Mr.  Wellington's  masterpiece,  'The  Economic  Theory  of 
Railroad  Location,'  will  readily  appreciate  the  author's  indebted- 
ness to  that  work.  The  author  has  developed  the  theory  on  an 
independent  basis,  with  the  exception  of  a  few  minor  details."  It 
is  not  improbable  that  many  engineers  in  railroad  practice  will  be 
glad  to  look  into  the  subject  through  the  100  pages  used  here, 
rather  than  attempt  the  larger  and  much  more  difficult  task  of 
picking  out  what  they  need  from  a  larger  book.  The  book  is  bound 
in  morocco  with  a  flap.  The  typography  of  the  thirteen  tables 
included  is  very  good,  and  the  book  in  its  new  dress  is  more  useful 
for  the  people  who  would  use  it  and  is  attractive  in  appearance 
generally. 


Notes  on  Track  Construction  and  Maintenance.  By  W.  M.  Camp, 
editor  Railway  and  Engineering  Review.  1,214  pages;  620  en- 
gravings. Published  by  the  author  at  Auburn  Park,  Chicago, 
111.  Price,  $3.00.  Printed  in  two  volumes  for  foreign  distri- 
bution;   price,  $3.50. 

This  is  the  most  complete  and  comprehensive  book  ever  written 
on  the  subject  of  track.  The  object  of  the  author  was  to  write 
simply  enough  for  trackmen  and  thoroughly  enough  for  engineers. 
The  work  was  done  with  extraordinary  care  and  conscientious 
patience,  with  the  intention  of  bringing  the  entire  subject  up  to 
date  with  particular  reference  to  satisfactory  construction  and 
labor-saving  machinery  employed  in  track  and  road  building.  The 
author  is  a  master  of  his  subject,  having  been  a  trackman  and 
afterward  an  educated  engineer.  Ill  such  a  work  the  personal 
opinions  of  the  author  may  not  agree  with  those  of  all  his  readers, 
but  these  are  set  forth  in  this  case  as  those  of  a  man  who  has 
worked  his  way  through  all  the  grades  of  the  track  depart- 
ment. Mr.  Camp  does  not  hesitate  to  take  issue  with  the  report 
of  the  Master  Mechanics'  Association  committee  of  1900  on  the 
subject  of  fl.inges  on  driving  wheels,  and,  among  other  parts  of  the 
book,  this  will  specially  interest  mechanical  officere.  The  author's 
comments  on  this  subject  direct  attention  to  the  need  of  more 
co-operation  between  the  various  departments  interested  in  such  a 
subject  as  this,  because  there  are  many  matters  of  this  kind  which 
affect  both  track  and  rolling  stock.  Some  portions  of  the  book 
seem  to  be  unnecessary  repetitions  of  the  work  of  others — such  as 
problems  in  switch  work  and  curves.  These,  however,  are  prob- 
ably included  for  the  benefit  of  those  who  may  not  be  supplied 
with  hand-books  on  these  subjects.  The  chapters  ai-e  as  follows : 
Track  Foundation,  Track  Materials,  Track  Laying,  Ballasting, 
Curves,  Switching  Arrangements  and  Appliances,  Track  Mainte- 
nance, Double  Tracking,  Track  Tools,  Work  Trains,  Miscellan- 
eous, Organization  and  Supplementary  Notes  and  Tables.  It  is 
a  very  valuable  book  on  a  most  important  subject  and  is  treated 
from  the  standpoint  of  one  who  knows  the  difficulties  which  a  so- 
called  practical  man  must  face  in  the  pursuit  of  information  and 
who  also  knows  the  difficulties  which  the  engineer  faces  in  his  use 
of  information  which  he  has.  The  work  was  brought  out  serially 
in  the  Railway  and  Engineering  Revietv,  appearing  in  154  articles. 
The.v  have  been  revised,  80  of  them  being  re-wr'tten.  the  book 
having  70  per  cent,  more  reading  matter  added  to  the  original. 
It  is  a  book  which  every  railroad  officer  in  the  operating,  main- 
tenance of  way  and  mechanical  departments  should  own  and  use. 


Proportions   and  Movement   of   Slide  Valves.      By  W.   D.   Wans- 
brough.     1903.    D.  Van  Nostrand  Co.,  Warren  street.  New  Tork. 

This  volume  of  160  pages  contains  in  convenient  form  the  articles 
by  the  author  on  this  subject  which  have  appeared  serially  in  the 
pages  of  the  Merlianical  World.  The  author  gives  the  credit  for 
the  invention  of  the  slide  valve  to  Murdoch,  the  pupil  and  assistant 
of  Watt.  The  book  opens  with  a  number  of  studies  of  the  functions 
of  valves.  The  other  chapters  discuss  double  slide  valves,  expaasion 
plates,  and  Meyer  gear.  Liberal  use  is  made  of  valve  diagrams. 
The  book  should  be  valuable  to  the  designers  of  stationary  engines. 


and  discussions  in  convenient  form  before  those  who  desire  to  pre- 
serve this  record.  The  index  is  unique  in  that  it  presents  in  the 
form  of  carefully  prepared  abstracts  the  most  important  work  of 
the  association.  By  referring  to  the  index  the  busy  reader  will 
usually  find  all  that  he  requires,  and  the  text  of  the  reports  and 
discussions  is  easily  found  for  complete  reference.  The  book 
has  over  1,000  pages.  It  is  a  large  volume,  and  does  not  appear 
to  have  been  abridged.  It  contains  the  semi-annual  volumes  which 
have  been  distributed  in  pamphlet  form  after  each  meeting  of  the 
association- 


Metallic  Packings.  By  Charles  Longstreth.  Reprint  of  a  paper 
from  the  journal  of  the  American  Society  of  Naval  Engineers, 
Vol.  XV.,  No.  2. 

Mr.  Longstreth  has  conferred  a  favor  upon  engineers  aud  users 
of  metallic  packing  by  this  discussion  of  the  principles  of  design 
essential  for  successful  development  of  packing.  The  paper  briefly 
discusses  the  early  history  of  the  subject,  points  out  the  pur- 
poses and  requisites  of  satisfactory  packing,  and  proceeds  to 
present  the  characteristics  necessary  to  meet  the  requirements 
of  various  kinds  of  service.  Rigid  and  flexible  forms  are 
described,  and  special  attention  is  given  to  the  conical  ring  type  of 
flexible  packings  which  are  in  use  on  90  per  cent,  of  the  loco- 
motives running  in  the  United  States.  It  is  made  clear  that 
engine  efficiency  is  greatly  dependent  upon  the  character  of  pack- 
ing used,  and  that  most  careful  attention  to  efficient  maintenance 
is  absolutely  necessary.  By  occasional  references  to  locomotive 
practice  as  a  field  where  maintenance  is  not  all  that  could  be 
desired,  and  by  citing  a  record  of  ten  years'  service  in  marine 
practice,  the  author  throws  a  side  light  upon  a  condition  of  the 
packing  question  on  railroads  which  motive-power  men  would  do 
well  to  consider  most  carefully.  The  paper  shows  the  destructive 
efliect  of  water  on  metallic  packings  and  indicates  the  proper 
method  of  fitting  up  and  maintaining  them.  Presumably  copies  of 
the  paper  may  be  had  from  Mr.  Longstreth,  427  North  Thirteenth 
street,  Philadelphia. 


Characteristic  Facts  About  Trees. — How  trees  that  are  sup- 
posed to  be  familiar  to  everyone- — like  the  pine  and  the  oak — have 
beauties  that  are  unnoticed  by  the  ordinary  observer  will  be  shown, 
it  is  said,  in  some  remarkable  photographs  taken  by  J.  Horace 
McFarland  to  illustrate  his  forthcoming  "Book  of  Trees."  The 
author,  besides  being  an  ardent  lover  and  an  earnest  student  of 
nature,  is  an  unusually  expert  photographer,  and  it  is  believed  this 
work  will  show  what  is  characteristic  and  beautiful  about  the  trees 
as  species  and  as  individuals.  The  Outlook  Company  have  the 
work  in  preparation,  and  believe  that  it  will  be  ready  by  early  fall. 


Specifications  for  Material  and  Workmanship  for  Steel  Struc- 
tures.— The  specifications  adopted  this  year  by  the  American  Rail- 
way Maintenance  of  Way  Association  have  been  issued  in  pamphlet 
form.  Copies  may  be  had  from  the  secretary,  Mr.  L.  C.  Fritch, 
room  15G2,  Monadnock  Block,  Chicago.     Price  10  cents. 


Proceedings  of  the  American  Railway  Association  from  1899  to 
1902,  inclusive.  Published  by  the  a.ssociation,  32  Park  Place, 
New  York.      Price  $5. 

This  is  the  third  bound  volume  of  the  proceedings  of  this  im- 
portant organization,  edited  by  the  secretary,  placing  the  reports 


"Nature's  Insulation"  is  the  title  of  an  exceptionally  fine  pamphlet 
issued  by  Messrs.  Baeder,  Adamson  &  Co.,  730  Market  street,  Phil- 
adelphia, Pa.,  describing  improved  methods  of  insulation,  using 
hair  felt,  for  cold  storage  and  other  forms  of  refrigeration.  The 
pamphlet  was  prepared  by  Mr.  H.  J.  Bellman,  who  is  in  charge  of 
the  hair  felt  department  of  this  company,  and  it  is  altogether  the 
best  work  of  the  kind  that  we  have  seen.  No  one  who  is  interested 
in  the  subject  will  lay  the  pamphlet  aside  without  reading  it  clear 
through.  It  opens  with  a  statement  of  the  impossibility  of  perfect 
insulation  and  the  reasons  why  nature's  insulation,  hair,  is  the  best 
and  most  permanent  material  available.  Hair  owes  its  superior 
qualities  to  the  air  held  mechanically  by  the  fibers  and  retained 
motionless,  "dead  air"  being  the  best  non-conductor  known.  The 
second  chapter  deals  with  convection,  conduction  and  radiation, 
illustrated  by  diagrams,  and  here  is  shown  the  importance  of  guard- 
ing against  the  destruction  of  the  effectiveness  of  insulation  by 
moisture.  Proper  stress  is  laid  upon  the  fact  that  good  insulation 
means  a  reduction  of  operating  expense  because  poor  insulation  in- 
volves more  refrigeration  or  more  ice.  Experience  and  investigation 
have  taught  the  superior  value  of  spaces  filled  with  the  right  ma- 
terial over  hollow  construction  confining  air  in  spaces  wherein  it 
may  move  about.  Results  of  experience  and  extensive  experiments 
are  given  on  page  23.  It  is  shown  that  hair  felt  is  twice  as  ef- 
fective as  mill  shavings  or  mineral  wool.  This  appears  in  the  cost 
of  construction  and  the  space  required  for  the  insulation.  This  is 
very  important  in  ship  and  car  refrigeration.    The  descriptive  por- 
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tion  of  the  pamphlet  closes  with  a  statement  oonceruing  the  manu- 
facture of  hair  felt.  It  is  made  from  selected  cattle  hair  received 
direct  from  the  tanners  and  (horoughly  washed,  picked  and  dried. 
Hair  felt  is  put  up  an  rolls  of  various  widths  and  from  '/i  to  2  irus. 
thick.  lUustralions  iu  colors  show  approved  mclhods  of  applica- 
tion to  refrigerators,  cold  storage  spaces  and  refrigerator  cars, 
also  photographic  reproductions  of  cars,  cold  storage  warehouses 
and  ships  equipped  with  thi.s  insulation  are  included.  This  com- 
pany has  a  record  of  seventy-live  years  in  this  product,  which  en- 
titles them  to  thorough  confidence. 


The  Walson-Stillman  Co.,  204  East  Forty-third  street.  New 
York,  i.ssue  catalogue  literature  in  accordance  with  a  unique  and 
very  convenient  plan.  The  Illustrated  Index  for  100.'?,  known  as 
Catalogue  No.  65,  has  just  been  received.  Its  ijurjioso  is  to  show 
in  a  medium-sized  book  the  great  variety  of  tools  manufactured  by 
this  company.  Ip  is  a  pamphlet  of  72  pages  of  illustrations,  each 
engraving  representing  from  one  to  twenty  sizes  of  tools,  and  com- 
plete descriptions  are  available  in  the  form  of  loose  sheets.  These 
sheets  are  bound  in  neat  covers  in  various  combinations  to  suit  the 
demands  of  various  correspondents,  according  to  the  special  line  of 
business  for  which  hydraulic  machinery  is  required.  It  would  be 
impracticable  to  issue  a  single  bound  volume  to  include  all,  and  the 
present  scheme  comprises  seventeen  sectional  catalogues,,  of  which 
eleven  are  in  print  and  ready  for  issue,  six  being  in  manuscript  or 
in  unbound  a.ssortments.  The  index  gives  a  key  to  all,  and  the  one 
just  issued  replaces  that  of  about  four  years  ago.  The  present  one 
has  72  pages  of  illustrations,  being  an  increase  of  28  pages,  with 
additions  in  all  departments.  The  pages  are  numbered,  also  the 
sheets  giving  detailed  information,  and  it  is  easy  for  a  purchaser  to 
secure  exactly  the  desired  information.  The  pamphlet  closes  with 
an  index  of  illustrated  sheets.  The  engravings  are  all  finely  exe- 
cuted wood  cuts.  An  examination  of  the  pamphlet  gives  the  im- 
pression of  an  extraordinary  increase  in  the  scope  of  hydraulic 
apparatus  in  manufacturing  processes. 


Two  new  circulars  have  been  received  from  the  Chicago  Pneu- 
matic Tool  Company.  These  are  advance  sheets  of  a  new  cata- 
logue. One  is  devoted  to  pneumatic  drills.  It  illustrates  Little 
Giant  drills,  flue-rolling,  reaming,  tapping,  wood-boring  machines 
and  the  Boyer  piston  air  drill.  A  number  of  attachments  for  the 
drills  are  also  shown,  such  as  angle  gears,  flue  cutters  and  flue 
expanders.  The  pamphlet  closes  with  a  statement  of  results  of 
tests  made  with  these  machines,  which  illustrate  tueir  advantages 
over  hand  work.  The  other  circular  illustrates  and  describes 
pneumatic  hammers  and  riveters.  It  includes  valuable  tables  illus- 
trating the  possibilities  of  reducing  the  cost  of  work  by  their  use. 
Such  records  are  very  seldom  seen  in  catalogues.  We  have  also 
just  received  special  circulars  Nos.  38  and  39,  illustrating  various 
types  of  pneumatic  tools,  with  views  of  the  tools  at  work.  Special 
attention  is  directed  to  applications  of  the  Boyer  drill  and  "jam 
riveter,"  a  new  method  for  cleaning  locomotive  crown  sheets  with 
the  riveter  and  of  applying  the  Boyer  drill  to  a  yoke  similar  to 
those  used  in  riveting.  These  are  important  functions  of  air  tools 
believed  to  be  entirely  new.  and  are  sure  to  find  a  good  reception  in 
locomotive  shops. 


"A  Review  of  Technical  Points  for  the  Protection  of  Metal  Sur- 
faces" is  the  title  of  a  pamphlet  written  by  Mr.  W.  H.  Loomis  and 
issued  by  the  National  Paint  Works,  Williamsport.  Pa.  The 
author  ba-ses  his  opinion  on  an  experience  of  twenty  years,  and  the 
pamphlet  contains  references  to  many  of  the  best  known  authorities 
on  paints.  The  arguments  in  favor  of  oxide  of  iron  paints  iuclude 
this  :  "The  tin  roof  on  old  Independence  Hall  in  Philadelphia.  Pa- 
has  been  presen'ed  for  the  past  loO  years  with  an  oxide  of  iron 
paint,  which  is  conclusive  argument  for  the  pigments."  Dr.  C.  B. 
Dudley,  of  the  Pennsylvania  Railroad,  is  quoted  as  follows :  "We 
are  quite  free  to  confess  that  in  our  experience  we  have  not  been 
able  to  confirm  the  common  belief  among  paint  manufacturers,  and 
indeed  among  many  of  the  users,  that  the  oil  is  the  life  of  the  paint. 
The  pigment  is  the  life  of  the  paint,  according  to  our  experience." 
The  pamphlet  contains  statements  of  great  value  to  railroad  men. 
and  particularly  to  those  who  are  anxious  about  the  corrosion  of 
steel  cars.  It  contains  numerous  records  of  experience  with  paint 
on  railroad  structures. 


Furguson  Oil  Furnaces. — A  new  catalogue  has  been  issued  by 
the  Railway  Materials  Company,  Old  Colony  Building,  Chicago, 
illustrating  these  furnaces  and  showing  their  advantages  for  rail- 
road shops  and  manufacturing  plants.  Opening  with  a  brief  state- 
'ment  of  the  peculiar  adaptability  of  oil  to  heating  furnaces  and  of 
the  commercial  savings  made  possible,  the  pamphlet  presents  ex- 


cellent engravings,  both  from  photographs  and  line  drawings,  illus- 
trating fourteen  styles  of  oil  furnaces  such  a«  are  used  very  suc- 
cessfully in  the  best  and  most  modem  railroad  shops.  These  in- 
clude small  furnaces  for  flue  welding  and  rivet  heating,  larger 
furnaces  for  forging  and  bulldozer  work,  for  case-hardening  spring 
work,  and  still  larger  ones  for  flanging  anil  annealing  of  plates. 
The  pamphlet  closes  with  engravings  of  Furguson  portable  lieatcm 
and  lire  kindlers.  In  connection  with  the  eqniiiniHnt  of  the  Col- 
linwood  .shops  of  the  Lake  Shore  we  shall  refer  to  tlie.se  furnaces 
again. 


"Colors  and  Specifications"  is  the  title  of  a  handsome  six-page 
folder  issued  by  the  .foseph  Dixon  Crucible  Company,  .Jersey  City, 
N.  .T.  Five  excellent  examples  of  steel  construction  are  illustrated. 
The  specifications  suggest  be.st  methods. of  construction  and  main- 
tenance of  steel  structures  by  paint  and  are  based  upon  forty 
years  of  successful  experience.  The  folder  also  exiiibits  the  four 
shades  of  Dixon's  silicon-graphite  paint  manufactured  by  this  com- 
pany. 


Exhaust  Fans.— A  new  catalogue.  No.  149,  has  been  issued  by 
the  American  Blower  Company,  Detroit,  Mich.  It  is  devoted  to 
the  "A.  B.  C."  exhaust  fan  for  the  removal  and  conveying  of  shav- 
ings and  dust,  the  removal  of  smoke  and  for  use  in  connection  with 
heating  and  drying  apparatius.  The  pamphlet  also  presents  dust 
separators,  dry  kiln  equipment,  and  includes  convenient  tables  of 
information. 


The  Jeffrey  Manufacturing  Company,  Columbus.  Ohio,  have 
issued  Catalogue  No.  19,  illustrating  coal  cutters  and  coal  drills, 
operated  by  electricity  and  compressed  air;  electric  locomotives  for 
mme  and  surface  haulage,  and  complete  electric  power  plants  for 
raining  properties.  It  is '  a  finely  illustrated  pamphlet  of  127 
pages,  showing  a  very  large  variety  of  this  equipment  and  giving 
information  for  its  use. 


A    NEW    LIQUID    GLUE. 


A  new  and  remarkable  adhesive  known  as  Army  and  Navy  Glue 
attracted  attention  at  the  recent  conventions  at  Saratoga.  It  is  a 
liquid  glue,  but  is  not  derived  in  any  way  from  fish.  The  inventor. 
J.  W.  Wachter,  a  leather  worker,  in  the  employ  of  the  United' 
States  Government  at  Washington,  produced  it  "in  an  effort  to 
secure  a  more  satisfactory  adhesive  than  those  previously  available. 
As  a  result  he  produced  a  glue  which  is  satisfactory  for  leather, 
wood  and  other  gluing,  and  one  which  sustained  a  weight  of  327 
lbs.  per  sq.  in.  of  surface  of  steel  bars  glued  to  each  other.  Having 
occasion  to  encase  some  shells  with  leather,  Mr.  Wachter  used  this 
glue,  and  though  the  shells  weighed  1,150  lbs.  and  were  rolled  about 
the  shop,  the  leather  adhered  perfectly  and  accomplished  the  de- 
sired results.  Soon  after  this  the  Navy  Department,  after  experi- 
menting with  the  best  glues  on  the  market,  adopted  this,  which  was 
manufactured  by  Mr.  Wachter  as  an  employee,  and  for  which  he 
received  no  compensation  other  than  his  wages.  During  the  recent 
war  this  glue  was  used  in  making  ignition  bags  which  form  a  part 
of  all  the  fixed  ammunition  in  the  navy.  Realizing  the  importance 
of  the  discovery,  Jlr.  Wachter  patented  it  and  has  placed  it  on  the 
market.  Its  superiority  lies  not  only  in  its  great  tenacity  and  in 
the  wide  range  of  substances  with  which  it  may  be  used,  hut  in  its 
strength  under  varying  conditions  of  heat,  cold,  dampness  and 
pressure,  also  it  does  not  sour  or  spoil  by  standing,  and  it  does 
away  with  the  necessity  of  boiling  and  heating  ill-smelling  glue 
pots.  There  is  a  bright  outlook  for  this  liquid  glue.  Those  who 
investigate  it  as  a  representative  of  this  journal  has  done  will  find 
the  investigation  profitable.  This  is  an  animal  glue  in  liquid  form 
and  is  certainly  a  remarkable  achievement.  The  Wachter  Manu- 
facturing Company,  Baltimore,  Md.,  will  supply  additional  in- 
formation. 


NEW    QUARTERS    FOR  THE    BRODERICK   &    BASCOM 
ROPE    COMPANY. 


A  careful  study  of  the  subject  of  wire  rope  and  cable  for  many 
.vears  has  enabled  them  to  put  on  the  market  a  first-class  article 
in  their  power  steel  and  patent  steel  ropes.  Among  the  many  uses 
for  this  rope  may  be  mentioned :  guy  ropes  for  derricks,  wire  tram- 
ways, endless  wire  ropeways  for  transportation  of  material  over 
difficult  roads,  hoisting  from  deep  shafts  or  inclined  planes,  trans- 
mission of  power,  switch  ropes,  etc.,  etc. 

As  an  evidence  of  the  "staying  qualities"  of  this  rope,  the  com- 
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pany  calls  attention  to  a  letter  recently  received  from  the  Green- 
view  Coal  &  Mining  Co.,  of  Greenview,  III.,  in  which  G.  W.  Hatch, 
secretary,  say.s : 

"Replying  to  your  favor  of  December  ,31st,  regarding  the  sei-vice 
of  ou"  1-inch  l!)-wire  power  rope,  purchased  of  you,  is  giving  us. 
It  has  given  us  excellent  satisfaction.  On  December  Kith  one  of 
the  .sheaves  and  shaft  broke  and  dropped  a  cage  loaded  with  one  car 
of  coal,  weighing  at  least  ::i..")()0  lbs.,  ten  or  twelve  feet.  The  rope 
remained  intact  and  saved  the  cage  from  going  to  the  bottom  if 
safety  catches  had  failed  to  hold.  We  can  cheerfully  recommend 
your  steel  power  rope." 

In  addition  to  wire  rope,  the  company  also  handles  manila  rope 
of  all  .sizes,  and  carry  a  full  line  of  tackle  and  snatch  blocks  for 
raanila  and  wire  ropes,  all  sizes. 

EQUIPMENT  AND  MANUFACTURING  NOTES. 

The  20-stall  roundhouse  of  the  Norfolk  &  Western  Uailway  at 
Portsmouth,  Ohio,  has  been  equipped  with  a  "hot  blast"  system 
of  heating,  the  apparatus  consisting  of  a  large  exhaust  fan  direct- 
connected  to  a  horizontal  engine  and  drawing  air  through  a  steam- 
coil  heater  built  up  of  1-in.  steam  piping  on  cast  iron  sections. 
From  this  apparatus  air  is  distributed  throughout  the  roundhouse 
by  brick  flues  and  galvanized  iron  piping,  so  arranged  that  heated 
air  may  be  delivered  into  each  engine  pit.  It  will  thus  serve  to 
melt  off  snow  or  ice  from  incoming  locomotives  when  that  is  re- 
quired. From  the  pits  the  heated  air  ri.ses  vertically,  -so  that  there 
is  no  trouble  from  smoke  or  steam  in  the  inhabited  zone  of  the 
building.  On  account  of  the  dry  character  of  the  air  supplied  by 
the  system,  all  moisture  due  to  the  melting  of  snow  or  ice  is 
quickly  evaporated,  making  it  po.ssible  to  work  ou  an  engine  with- 
out discomfort  within  a  very  short  time  after  it  enters  the  building. 
During  warm  weather  it  is  i)ossible  to  operate  the  fan  without 
steam  in  the  heater,  and  in  that  manner  provide  a  very  thorough 
ventilation  of  the  building,  which  is  rarely  accomplished  in  round- 
houses equipped  with  the  ordinary  direct  system  of  steam  or  hot- 
water  heating.  Other  advantages,  as  compared  with  the  direct 
s.vstem,  are  that  there  is  no  piping  scattered  about  the  building  to 
freeze  or  burst  in  cold  weather,  there  are  no  ioints  to  leak,  and 
there  is  no  danger  of  fire  from  the  proximity  of  steam  pipes  to 
inflammable  materials.  Since  the  piping  is  all  concentrated  in  a 
steel-plated  housing,  where  the  velocity  of  the  air  passing  over  it  is 
very  high,  much  less  length  of  pine  is  needed  tlian  would  otherwise 
be  necessary.  The  above  described  equipment  has  been  designed 
and  installed  by  the  B.  F.  Sturtevant  Company,  of  Baston. 

The  Holland  Company,  with  main  offices  in  the  Great  Northern 
Building.  Chicago.  HI.,  and  who  are  well  known  through  their 
Martin  Metallic  Flexible  Joint  and  Holland  .Tournal  Box,  .announce 
the  removal  of  their  San  Francisco  office  from  508  Market  street 
to  12  Fremont  street.  Tlie  new  location  affords  the  excellent  ad- 
vantage of  being  on  the  ground  floor  as  well  as  permitting  base- 
ment storage,  where  they  will  carry  a  complete  stock  of  the  H.  W. 
Johns-i\IanvilIe  Company's  asbesto.s  products,  for  which  they  are  ex- 
clusive agents  on  the  Pacific  Coast,  together  with  the  Dake  Engine 
Company's  high  speed  engine  and  pneumatic  chain  hoists.  Mr. 
J.  C.  Martin,  ,Tr.,  vice-president  of  the  company,  will  be  manager 
of  the  San  Francisco  branch,  with  Mr.  S.  P.  Kussell,  ,Tr.,  assistant 
manager. 


The  exhibit  of  the  Corrington  Air  Brake  Co.  at  the  recent  conven- 
tions marks  their  first  introduction  to  our  railroad  friends.  Tliey 
show  a  triple  with  attachment  for  recharging  auxiliary  reservoirs 
while  brakes  are  applied,  and  insuring  a  full  reservoir  when  brakes 
are  released.  A  high  speed  reducing  valve  and  compact  form  of 
brake  valve  were  included,  the  former  very  small,  compact  and 
capable  of  attachment  to  the  brake  cylinder  without  pipe  connec- 
tions, and  the  latter  with  feed  valves  for  ordinary  and  high  speed 
service.  This  company  furnishes  complete  lu'ake  ajjparatus  for 
railroad  service  and  thoroughly  interchangeable  with  the  existing 
systems. 


The  North-Eastern  Railway  Company,  of  England,  recently 
conducted  a  series  of  important  brake  trials  on  its  lines,  which  at 
one  point  attain  an  elevation  of  1,S(X)  feet  above  sea  level,  and  is  one 
of  the  steepest  sections  of  railway  in  the  United  Kingdom.  Forty 
heavy  coal  cars  comprised  the  train,  each  car  being  equipped  with 
Westinghouse  quick-acting  brake.  Despite  high  .speed,  unfavorable 
cliuiatic  conditions,  and  traveling  on  the  down  grade,  the  train  was 
brought  to  a  stand  in  a  very  short  distance,  the  application  of 
power  on  both  front  .nnd  rear  wheels  of  the  train  being  practically 
simultaneous.     The  trials  are  said  to  have  been  highly  satisfactory. 


The  American  Steam  Gauge  and  Valve  Manufacturing  Com- 
pany. .Jamaica  Plains.  Boston,  tendered  the  annual  dinner  to  the 
sales  department  on  the  evening  of  July  1,  at  the  Hotel  Essex, 
Boston.  Tliis  is  in  accordance  with  the  wide-awake  policy  of  the 
company,  a  part  of  which  is  to  get  all  of  the  traveling  men  and 
branch  house  managers  together  with  the  home  oflice,  for  an  annual 
conference  about  the  business  and  closing  with  a  banquet.  This 
is  a  pleasant  and  very  important  custom,  indicating  up-to-date 
business  methods. 


The  value  of  graphite  as  a  lubricant  is  well  understood.  The 
United  States  Graphite  Company,  Saginaw,  Mich.,  confidently  offer 
their  "No.  205  Lubricating  Graphite"  for  use  of  all  who  have  to  do 
with  engines  or  machinery.  It  is  pure  and  carefully  prepared. 
Besides  being  used  as  a  lubricant,  it  may  be  mixed  with  oil  and 
used  as  a  roof  or  stack  paint  or  pipe-joint  compound.  A  sample 
quarter  pound  will  be  furnished  free  for  trial,  and'also  complete 
instructions  for  u.se  of  graphite  for  lubrication.  Further  informa- 
tion may  be  had   from  the  manufacturers. 


Mr.  William  Burlingham  has  accepted  an  appointment  as  chief 
engine  designer  with  the  B.  F.  Sturtevant  Company,  of  Hyde  Park, 
Miiss.,  resigning  a  position  in  the  United  States  Inspection  Office 
with  the  Wm.  R.  Trigg  Company,  of  Richmond,  Virginia.  Mr. 
Burlingham  has  previously  been  associated  with  tlie  Bath  Iron 
Works,  the  General  Electric  Company,  the  Southwark  Machine  & 
Foundry  Company,  and  the  Newport  News  Shipbuilding  &  Dry 
Dock  Company.  He  has  also  served  on  Mr.  T.  A.  Edison's  staff 
at  the  East  Orange  laboratory  and  is  a  graduate  of  the  Worcester 
Polytechnic  Institute. 


The  Consolidated  "Axle  Light"  equipments  of  electric  car  light- 
ing are  coming  into  increasing  use  ou  the  finest  cars  constituting 
some  of  the  best  and  fastest  trains  of  leading  railway  lines,  includ- 
ing Pullman  cars.  All  private  Pullman  cars  and  many  business 
cars  of  railway  officials,  as  well  as  private  cars  of  individuals,  are 
equipped  with  the  Consolidated  "Axle  Light"  system, of  electric 
lights.  These  "Axle  Light"  equipments  are  also  beginning  to  be 
used  quite  extensively  on  the  railway  systems  of  Great  Britain 
and   Europe. 


The  Lunkenheimer  Co..  Cincinnati,  Ohio,  tendered  the  forty-first 
annual  outing  to  7tM1  emplo.yees  and  their  families  ,July  18  at 
Woodsdale  Island  Park.  The  total  number,  including  children, 
reached  about  2.ll{.l(>.  The  entire  expense  of  these  pleasant  outings 
is  borne  by  the  company.. 


The  Allis-Chalmers  Company  has  been  awarded  a  contract  for 
twenty-eight  No.  8  Gates  ball  mills,  thirty-nine  5  by  22-ft.  Gates 
tube  mills,  and  twenty-four  rotary  kilns  of  special  design  for  the 
cement  plants  now  building  for  the  United  States  Steel  Corporation 
at  the  Illinois  Steel  Company's  plant  at  South  Chicago. 


AVestinghouse-Parsons  steam  turbines  will  be  used  to  drive  the 
50,000  kw.  of  electrical  machinery  for  the  new  Rapid  Transit 
subway  and  elevated  .system  now  under  construction  in  Phil.i- 
delphia.  The  machinery  contract  has  just  been  closed  by  Westing- 
house,   Church,  Kerr  &  Co. 


Thomas  Chalmers,  father  of  W.  ,1.  Chalmers,  chairman  of  the 
executive  committee  of  the  Allis-Chalmers  Co.,  died  July  18  and 
was  buried  Thursday,  July  16.  Thomas  Chalmers  was  the  founder 
of  the  firm  of  Fraser  &  Chalmers,  which  firm  was  recognized  as  the 
world's  largest  producer  of  mining  machiner.v. 


A.  Leschen  &  Sons  Rope  Company,  manufacturers  of  wire  rope 
and  aerial  wire  rope  tramways,  have  moved  their  San  Francisco 
office  to  the  Rialto  Building,  corner  of  New  Montgomery  and  Mis- 
sion streets,  San  Francisco. 


The  Acme  Supply  Company,  100  Lake  street,  Chicago,  has  suc- 
ceeded to  the  business  heretofore  conducted  under  the  firm  name  of 
G.  S.  Wood  &  Co..  consisting  of  Messrs.  H.  H.  Schroyer,  G.  S. 
Wood  and  S.  Woodworth. 


Mr.  D.  G.  Farragut  has  been  appointed  to  represent  the  Pressed 
Steel  Car  Company  in  Mexico,  with  headquarters  at  Calle  de 
Gante  8,  City  of  Mexico,  where  all  the  business  of  this  company 
in  the  Republic  of  Mexico  will  be  managed. 


The  .\merican  Blower  Company  have  taken  contracts  for  heating 
apparatus  for  the  new  roundhouse  of  the  Baltimore  &  Ohio  at 
Keyser,  W.  Va.,  and  for  induced  draft  apparatus  for  the  Chicago, 
Burlington  &  Quincy  at  Aurora,   111. 


septembee,  1903.   AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.    317 


E 


<  ElirtablUtlMMI    1882.> 

AMERICAN  n 

nginceR 

RAILROAD  JOmNAiL 


SEPTEMBER,  1903. 


COMPOUND   LOCOMOTIVE    WITH    SUPERHEATER. 


4 — 6 — 0  Ttpe,  Fbeight. 


CANADIAJ?    PACIFIC    BAILWAY. 


In  June,  1901,  the  Canadian  Pacific  Railway  equipped  a 
locomotive  of  the  4 — 6 — 0  type  witli  the  Schmidt  system  of 
superheating.  It  gave  very  gratifying  results  In  fuel  con- 
sumption and  in  operation.  The  locomotive  was  tested  in 
comparison  with  a  simple  and  a  compound  of  similar  con- 
struction and  weight,  the  test  continuing  for  eighteen  months. 
On  the  ton-mile  basis  the  superheater  engine  made  an  aver-      details  of  the  attachment  or  the  supekheatee  tubes  to  the 
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FREIGHT  LOCOMOTIVE   WITH   THE    SCHillDT   FIRETUBE   SUPERHEATEB. 

CANADIAN   PACIFIC   RAILWAY. 
E.  A.  Williams,  Superintendent  Rolling  Stock.  American   Locomotive   Co.,   Schenectaby   Works,   Builders. 


age  saving  in  fuel  of  31.3  per  cent,  over  the  simple  engine 
and  10.6  per  cent,  over  the  compound,  the  cost  of  repairs 
being  about  the  same  for  all  three  engines.  These  results 
led  to  the  application  of  a  Schmidt  superheater  to  one  of  a 
lot  of  heavy  4—6—0  freight  compounds,  which  are  building 
at  the  Schenectady  Works  of  the  American  Locomotive  Com- 
pany. Mr.  B.  A.  Williams,  superintendent  of  rolling  stock  of 
the  Canadian  Pacific,  by  whose  permission  this  description 
is  presented,  believes  that  improvements  in  superheaters 
which  will  reduce  the  cost  will  render  these  devices  highly 
desirable  for  locomotive  service. 

In  our  November,  1902,  issue,  page  340,  Mr.  Lentz  de- 
scribed the  Schmidt  superheater  as  developed  In  Germany. 
This  new  design  for  the  Canadian  Pacific  is  entirely  different 


in  construction  and  is  known  as  the  smoke-tube  superheater 
as  distinguished  from  the  smokebox  form.  The  new  con- 
struction seems  much  more  likely  to  meet  the  idea  of  Ameri- 
can  railroad  men  than   the  smokebox  type. 

Instead  of  placing  the  superheater  tubes  in  the  smokebox 
they  are  taken  from  a  header  casting  at  the  front  end  of  the 
dry  pipe  and  looped  back  through  twenty-two  5-in.  tubes 
toward  the  firebox.  The  superheater  tubes,  which  are  1^ 
ins.  in  diameter  outside  and  15-16  in.  inside,  reach  within 
32   ins.   of   the   firebox  ends   of   the   large  tubes   but  are  not 
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Half  Section  ou  A-B'   llali  E..a  View  ^  ,^ 

SMOKEBOX    ELEVATION,    SHOWING    StTPEBHEATEB    TUBES. 
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exposed  to  the  direct  neat  of  the 
'firebox.  Return  bends  at  the 
ends  of  the  superheater  tubes 
take  the  superheated  steam  for- 
ward again  to  the  header,  which 
is  partitioned  off  to  separate  the 
hot  from  the  cooler  steam.  From 
here  the  branch  pipes  take  the 
superheated  steam  to  the  cylin- 
ders. In  the  engravings  this  in- 
teresting arrangement  is  indi- 
cated. The  large  tubes  are 
swaged  down  at  the  back  ends  and  beaded  in  the  usual  man- 
ner. Each  large  tube  contains  two  loops  of  the  smaller  tubes, 
which  are  braced  by  feet  cast  upon  the  return  bends  at  the 
back  ends.  At  the  header  casting  the  loops  are  removably 
connected  so  that  they  may  be  easily  taken  down  for  exami- 
nation and  repairs.  The  superheater  pipes  are  solid  drawn 
steel  tubes,  the  amount  of  heating  surface  thus  provided  being 
289. 5  sq.  ft. 

A  plate  partition  separates  the  main  portion  of  the  smoke 
box  from  the  space  containing  the  superheater  header  and 
the  tube  ends.  A  flat  damper  valve  connects  the  spaces  and 
this  valve  is  opened  by  the  steam  pressure  in  the  steam  pipes 
acting  through  a  small  cylinder  shown  on  the  side  of  the 
smokebox.  When  the  throttle  is  open  this  valve  is  also  open 
and  it  closes  by  action  of  a  counterweight  when  the  throttle 
is  closed.  With  this  device  the  superheater  tubes  cannot 
become  highly  heated  when  steam  is  not  passing  through  them 
and  thus  the  greatest  danger  of  burnt  tubes  is  avoided.  It 
will  be  noted  that  with  this  construction  the  smokebox  is 
necessarily  long  to  receive  the  superheater  header,  but  that 
its  diameter  is  not  enlarged  as  was  required  with  the  earlier 
construction  of  smokebox  superheater.  The  header  takes  the 
superheater  tubes  in  groups  of  four.  A  detail  drawing  on  page 
317  shows  the  manner  of  securing  the  tubes  to  the  heater  so 
that  they  may  be  easily  removed.  The  steam-tight  joints  are 
made  against  copper  wire  gaskets.     The  detail  drawing  below 


DETAILS    OP    HICH-PRESSUKE    VALVE. 

illustrates  the  construction  of  the  header  and  the  arrangement 
of  the  partitions.  Other  interesting  details  of  this  design 
will  be  presented  in  future  numbers  of  this  journal. 

Both  high  and  low-pressure  valves  are  of  the  double  ported 
piston  type  with  internal  admission.  The  low-pressure  valve 
has  L  rings  except  the  central  ones  on  each  side.  The  high- 
pressure  valve  is  interesting  in  that  it  embodies  unusual  fea- 
tures to  provide  for  the  high  temperature  of  the  superheated 
steam.  The  packing  rings  are  514  and  2%  ins.  wide  respective- 
ly, and  are  free  to  find  their  own  bearings  when  the  nuts  are 
tight  on  the  stem.  They  have  no  end  movement,  but  adjust 
themselves  laterally  over  the  ground  joints.  The  central  cage 
has  eight  %-in.  ribs.  The  cage,  ribs  and  central  portion  of  the 
spindle  of  this  valve  are  protected  from  the  highly  heated 
steam  by  planished  iron  shields,  as  indicated  in  the  drawings. 
Cast  iron  is  used  in  the  construction  of  this  valve.  The  draw- 
ing shows  the  locations  Oif  the  packing  grooves,  which  are  % 
in.  wide  and  1-16  in.  deep. 

The  small  pipe  leading  from  the  T  bend  to  the  intercepting 
valve  conveys  saturated  steam  for  starting  the  engine.  The  re- 
ceiver and  high-pressure  steam  pipe  are  arranged  as  usual. 

This  locomotive  will  be  put  into  service  on  a  division  adja- 
cent to  Montreal  and  will  be  run  opposite  to  another  of  the 
same   class,  without  the   superheater.     No  special   test  other 


DETAILS  OF  THE  SUPEEHEATEK  TEE  HEAD. 


VEBTICAX  SECTION   OF  ABOVE  THBOUGH   CENTRAL  FLANGE. 
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VERTICAl   SECTION   OF  ABOVE  THROUGH   FLANGE   AT  RKiHT. 
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than  a  comparison  of  service  from  month  to  month  will  be 
made.  Mr.  Williams  believes  that  the  improvements  which 
have  been  made  since  the  application  of  the  first  superheater 
on  this  road  will  tend  to  reduce  the  cost  of  construction  and 
also  of  maintenance.  It  is  stated  that  one  of  the  4-G-O  com- 
pounds now  building  tor  this  road  at  Glasgow,  Scotland,  is 
also  to  be  equipped  with  the  Schmidt  superheater. 

Compound  Locomotive  with  Superheater. 

4 — 6 — 0  Type, — Freight. 

Canadian  Pacific  Railway. 

General  Dimensions. 

Gauge   4  ft,  8H   Ina, 

'■"el Bituminous  coal 

Weight  In   working   order    187.500    lbs. 

Weight  on   drivers    13.S,500    lbs. 

Weiglit  engine  and  tender  in  working  order 310,200  lbs. 

Wheel  base,  driving   14  ft,   10  ins. 

Wheel  base,  rigid   14  ft,  10   Ins, 

Wheel  base,  total 26  ft. 

Wheel  base,  total,  engine  and  tender    54  ft.  6  Ins. 

Cylinders. 

Diameter  of  cylinders 22   and   35    ins. 

Stroke  of  piston    30  Ins. 

Horizontal  thickness  of  piston    L,  p,,  4%    Ins.;    h,  p,.  4%    Ins. 

Diameter  of  piston  rod    3%    ins. 

Kind  of  piston   packing    , Cast    iron 

Kind  of  piston-rod  packing   Sullivan  metallic 

Valves. 

Kind  of  slide  valves    Piston 

Greatest  travel  of  slide  valves   6  ins. 

Outside  lap  of  slide  valves   H,  p,,  H4   ins,  ;    1.  p.,  1  in. 

Inside  clear  of  slide  valves H,  p.,  Yi  in,  ;    I,  p,,  %  in. 

Lead  of  valves  in  full  gear L,  p.  5-16-ln.  lead  at   15-in,   cut-off 

Kind  of  valve-stem  packing    Sullivan   metallic 

Wheels,  Etc. 

Number  of   driving   wheels    6 

Diameter  of  driving  wheels  outside  of  tire   62   ins. 

Material  of  driving  wheel,  centers   Cast  steel 

Thickness  of  tire   3   ins. 

Tire  held  by    Shrinkage 

Driving-box   material   Cast  steel 

Diameter  and  length  of  driving  Journals 9  ins,  diameter  x  12  Ins, 

Diameter  and  length  of  main  crankpin  journals. 

Main  side,  7V4  x  i%   Ins.,  7  ins,  diameter  x  6^^   Ins. 
Diameter  and  length  of  side-rod  crankpin  journals, 

5  Ins,  diameter  x  41/^    Ins, 

Hection  of  rods Main  —  I;  side.  I 

Engine  truck,  kind Four-wheel   swing  bolster 

Engine  truck,  journals    6  Ins.  diameter  x  10  ins. 

Diameter  of  engine  truck  wheels 31  ins. 

BoHer. 

Style Extended  watron  top 

Style    Ex,  wagon  top 

Outside  diameter  of  first  ring 7014   ins. 

Working   pressure    210    lbs. 


Material  of  barrel  and  outside  of  flrobox Central   steel 

Thickness  of  plates  In  barrel  and  outside  of  firebox-  ••'>="™i   gteei 

i^^at'  Tr .Vt?-M-seUtV4i°d 

Firebox,   width    .■    %j}?     ""• 

^JfcJjox:  Sl^laf  •,•.•.•.•.■.•.•.■. ^^°°'-  ''^  ■'-•  ■■  '^^^■^'^i 

Firebox    plates,    thickness :  ' 

Sid.s,  %  in, ;    back,  %  In. ;   cnmn.  %  In. ;    tube  sheet.  %  In, 

F  rebox,  water  space 4'/j  ins,  front,  3%  Ins.  sides,  3'^  ins,  back 

p  r^h^^'  TT  ,f  "'""S Radial,  1  %  ins,  diameter 

?,he»  ^r,';?/,"  ''  •>• T"*'""-  "•"".I  in-  diameter 

Tubes,  material  and  gauge: 

,,,„.  ,  Charcoal   Iron.  No,  11,  1.  W.  G. ;    Shelby  steel,  3-16th 

I  ube..  number  and  diameter 248  i!  ins.  and  22  ,'.  Ins. 

Tubes,  length  over  tube  sheets   14  ft    8  Ins 

Heating  surface,   tubes    ;  ;  2,'311,25'  sq,   ft.' 

Heating  surface,   firebox    171  92   gn     ft 

Heating  surface,  total ■.■..■.■.;  2,483.17  sq.  ft! 

Grate  surface 4n  R!>    «n    »f 

Grate,  style v^■..v^.v^v^.y///^^.:\^^^.■^^^!^ki^ 

Ashpan    style Hallway  company's  style 

Exhaust  pipes "^     '    Single 

Exhaust  nozzles     . .    gy,  5H  and  5%   Ins. 'diameter 

Smokestack,    Inside  diameter    , 1414    i^g 

Smokestack,  top  above  rail    '  15'  ft    2  Ins 

Boiler  supplied  by T#o  Hancock  injectors,  No.  10 

Tender. 

|'/|«  ; ; Hopper 

Weight,  empty   52.700  lbs. 

Wheels,   number g 

Wheels,  diameter   !!!'.*.'.*.'.*..'",!''*.'  40 '  ins 

Journals,  diameter  and  length 5%   Ins',  diameter' x  10  Ins! 

Wheel  base ig  ft.  9%   ins. 

Tender  frame    10-ln.   steel   channels 

Tender  trucks Simplex  bolsters 

Water  capacity .5.0(10  gals. .  Imperial 

Coal  capacity lo  tons 


Extensive  improvements  are  at  present  under  way  on  the 
Buffalo  division  of  the  Delaware,  Lacicawanna  &  Western.  A 
large  number  of  culverts  and  small  bridges  are  being  replaced 
by  heavy  plate  girder  steel  bridges,  with  concrete  piers,  of  the 
most  substantial  construction.  Two  long  trestles  over  ravines 
have  been  replaced  by  permanent  earth  fills  by  relocations  of 
the  right  of  way.  Also  a  system  of  block  signals  is  being  in- 
stalled by  the  Hall  Company  to  protect  a  35-mile  section  of  the 
road  across  a  valley  west  of  Dansville,  where  a  heavy  pusher- 
engine  service  is  required;  this  will  greatly  facilitate  the  move- 
ment of  trains  over  this  important  section  of  the  road. 


DISTRffiUTED    COST    OF    CAR   REPAIRS. 


WITH   T.^BLE. 


This  exceedingly  valuable  table  represents  the  results  of 
a  very  carefully  kept  record  of  the  cost  of  car  repairs  on  an 
important  trunk  line  and  covers  the  complete  year  of  1902. 
It  was  kept  for  the  purpose  of  ascertaining  definitely  the  rela- 
tive cost  of  maintaining  various  parts,  with  a  view  of  reveal- 
ing the  weaknesses  of  present  wooden  car  construction  in 
order  to  show  what  parts  needed  the  greatest  amount  of 
immediate   attention.      For    example,    it   has    been    said    that 


draft  gear  repairs  amounted  to  from  50  to  75  per  cent,  of  the 
total  repairs  to  freight  equipment.  This  record  shows  that 
these  repairs  amount  to  less  than  25  per  cent,  and  that  the 
parts  above  the  floor— chiefly  roofs — cover  29  per  cent,  of 
the  total. 

Prom  this  record  we  do  not  deem  it  safe  to  infer  that 
because  draft  gear  represents  but  23  per  cent,  improvements 
in  these  parts  are  less  important  than  those  in  roofs.  The 
fact  is  that  if  friction  draft  gear  is  used  the  racking  of  roofs 
will  be  reduced,  and  the  same  is  true  in  a  measure  of  all 
other  parts. 

The  total  cost  per  car  per  year  was  $19.41.  This  and  many 
other  interesting  facts  are  shown  in  the  table. 


COST    OF    CAB    REPAIBS. 


Average  cost  per  car  tor  repairs  of  freight  cars,  based  on  the  year  1902. 
A.  B.  C.  For 


Division,  „l  o,    I  I  a    « 

as  oi«  as  08-5 

pa  oS  a  go.  OS  o. 

1 — Couplers,   complete    3,507  $1,76  6,431  $2,63 

2 — Draft     spring,     followers,     stops,     pockets, 

spindles,    etc 3.657  1.05  3.190  1.07 

3 — Draft    timbers,      draft    arms      and      bolts 

for    same     1.922  2.43  2,688  1.47 

4 — Uncoupling  levels,  'erackets  and  chains....  1,848  .27  1.424  .28 
5 — Body  lolsters: 

(a)  Metal     3  1.88  3  5.00 

(b)  Wooden     4  4.76  5  4.36 

6 — Sills  : 

(a)  Cfnter     154  9.74  270  10.46 

(b)  A.11    other   longitudinal    sills 336  7.97  468  9  37 

(c)  End  sills    312  4,20  674  2,90 

7 — Trucks : 

(a)    Wearing   parts,    wheels,    axles,    bear- 
ings,   etc 1,571  7,47  3.608  4  53 

(b-1)    Metal   bolsters    .n  .  . .  22  45,08  1  39  00 

(b-2)    Wooden    bol.sters    297  4,26  651  409 

(c)    Fixed   parts    6.394  .91  3,031 

8 — Brakes  :  P4 

(a)  Found.ation     9,669  .41  8,496  6fi 

(b)  Air    4,189  .67  5,23S  98 

9 — All  other  parts  of  car  above  floor 15.665  2,24  10,986  3  13 

Entire   car    37,944  2.16  34.270  2,91 

Cost  per  car  per  year,  based  on  above 


C 

'^ 

Foreign  Cars. 

Total. 

Si 

as 

5.689 

a    -a 
0  S  a 
$2.63 

2^ 
Si 

9.995 

fe2. 

o*^a 
$1.86 

2^ 
25.622 

S£. 

D,     .0 

=•£"5 
c*j  0. 

$2.21 

S-5 
S     *^ 

0       to 

12.68 

7.887 

1.19 

6,893 

1.10 

21.627 

1.12 

5.44 

5,942 
3.036 

.90 

.27 

4.812 
1.135 

1.07 
.20 

15.364 
7.446 

1.25 
.27 

4.29 
.44 

23 
15 

2.91 
2.27 

"3 

sisi 

35 
27 

3.23 
3.19 

.03 
.02 

574 

994 

1,141 

9.11 

11.63 

2.63 

2 

2 

29 

12.27 

10.28 

2.99 

l.OCO 
1.7!  E 
2.1-6 

9.58 

10.56 

2.94 

2.15 
4.15 
1.00 

2,875 

35 

1.259 

4.33 

31.71 

3.32 

11,482 

4 

395 

4.54 
4.78 
4.14 

19.536 

62 

2.602 

4.74 

3463 

3.75 

20.7S 

.48 

2.1s 

8,960 
10,320 

8,R24 
14,799 
31.791 

.99 

,74 

1.24 

1,26 

4,52 

7,269 
14.567 

8,230 
13,866 
71,806 

.75 
.53 
.80 
.80 
1.68 

25.654 
42.952 
26.281 
60.316 
175.817 

.90 

.58 

.96 

2.16 

2.52 

5.15 

5.61 

5.66 

29.52 

100.00 

.$19.41 
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GROUND  PLAN"  OF  THE  NEW  SANTA  FE  LOCOMOTIVE  SHOPS  AT  TOPEKA. 


INTEBIOR  OF  LOCOMOTIVE  EBECTING   SHOP,   LOOKING   NORTH. 
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NEW   LOCOMOTIVE    SHOPS   AT    TOPEKA. 


Atchison,  Toi'kka  &  Santa  Ve  Railway. 


GENERAL   PLAN    AND    LOCOMOTIVE-SUOP    BUILDING. 


The  old  shops  of  this  road  at  Topeka  and  a  proposed  plan  for 
extensions  were  illustrated  and  the  arrangement  of  the  build- 
ings discussed  in  this  journal  in  June,  1901.  Increased  facili- 
ties have  been  secured  by  building  a  new  locomotive  shop,  in- 
cluding in  one  fine  building  the  erecting,  machine  and  boiler 
shops.  In  addition  to  this,  a  now  blacksmith  shop,  power- 
house and  accessories  have  been  put  up,  the  new  plant  having 
been  put  into  service  in  March  last.  A  capacity  to  rejiair  SO 
locomotives  per  month  was  planned.  There  are  but  two  larger 
locomotive-repair  shops  in  the  country — those  at  Altoona  and 
Reading;  and  one  equal  to  it  in  size — at  Roanoke,  Va.  In  May 
forty  locomotives  were  in  the  shop,  24  on  the  so-called  "pits" 


The  ereuting,  machine  and  boiler'-shops  are  combined  in  a 
magnificent  building  850  ft.  long  by  155  ft.  wide.  Continuous 
crane  service  extends  the  full  length  of  the  machine  shop  and 
through  the  erecting  and  boiler  shojis,  which  use  the  same 
cranes.  A  cross  section  of  tho  building  is  given,  and  a  com- 
plete ground  plan  will  appear  with  the  presentation  of  the 
equii)ment,  showing  tool  locations.  The  section  shows  Ihe 
height  of  the  crane  girders  and  the  spans. 

This  is  a  "longitudinal"  shop,  and  tho  arrangement  permits 
of  the  utmost  elasticity  in  the  use  of  the  floor  space.  There 
are  three  tracks  at  23-ft.  centers  In  the  central  or  erecting-shop 
bay,  which  is  74  ft.  wide.  The  central  track  has  a  pit  extend- 
ing 420  ft.  from  the  south  end,  and  the  other  tracks  have  160-ft. 
Iiits.  Tho  rest  of  the  floor  is  available  for  engines  and  has 
longitudinal  tracks,  but  no  pits.  The  engines  are  "staggered" 
in  order  to  get  room  to  take  out  flues  and  yet  stand  them  close 
together.  This  plan  seems  to  work  out  very  well.  The  opera- 
tion of  the  f'ant  will  be  given  in  detail  later. 

The  west  oay  is  for  heavy  machinery,  that  on  the  east  side 
for  lighter  machinery  and  tenders,  and  overhead  at  the  south 


VIICW   OF    MAIN     MiioMdilM.;   SHOP,    FROM    THE    SOUTHEAST. 


rilE    STEEL    SKELETON    OF    THE    LOCOMOTIVE    SHOP. 

NEW  LOCOMOTIVE  SHOPS  AT  TOPEKA,  KAN.— ATCHISON,  TOPEKA  &  SANTA  FE  RAILWAY. 


and  IG  for  new  fireboxes.  In  the  month  of  April  30  engines  were 
turned  out,  the  plant  having  been  put  into  service  March  15. 

This  plant  is  the  largest  on  the  road,  and  its  equipment  is 
to  provide  for  all  fireboxes  east  of  Raton,  N.  M.,  and  north  of 
Texas;  also  for  general  repair  work  to  about  350  engines, 
besides  helping  out  all  of  the  other  shops  on  the  road  for  the 
heaviest  work.  Twenty-one  days  are  allowed  for  new  fire- 
boxes and  the  general  repairs  usually  accompanying  such 
work,  and  10  days  for  light  repairs.  About  130  fireboxes  will 
be  put  in  this  year.  Fast  and  ample  crane  service  character- 
izes this  shop.  The  easiest  thing  about  the  plant  is  to  move 
material,  heavy  or  light.  About  1,650  men  are  employed  in 
both  locomotive  and  car  departments  and  about  1,200  in  the 
locomotive  works  alone.  Considerable  manufacturing  is  done 
here;  for  example,  all  axles  for  the  entire  system  are  made  at 
Topeka,  and  this  principle  is  being  carried  out  in  other  depart- 
ments of  the  shop  by  aid  of  a  lot  of  up-to-date  machinery. 

The  locomotive  shop  is  selected  for  the  first  installment  of 
this  description.  Special  attention  will  later  be  given  to  the 
power-house,  blacksmith  shop,  and  the  equipment  of  all  the 
departments. 


end  is  a  gallery  525  ft.  long  for  brass,  tool  and  air-brake  rooms 
and  the  tin  shop.  Near  the  center  of  the  east  bay  is  the  rivet- 
ing tower,  which  is  bz  ft.  high,  to  the  crane  rails.  Both  side 
bays  have  the  weaving  shed  type  of  roof,  the  construction  of 
which  is  clearly  seen  In  the  engravings.  In  the  construction 
the  steelwork  was  completed  by  itself.  The  engravings  show 
the  large  amount  of  Latural  lighting  and  the  portions  of  the 
walls  which  are  built  of  brick.  These  are  13  ins.  thick.  The 
roots  are  of  Ludowicl  tile,  and  the  skylights  are  of  trans- 
lucent fabric,  12  ft.  wide.  These  extend  on  each  side  of  the 
roof  the  full  length  of  the  building,  and  along  the  ridge  Star 
ventilators  are  spaced  at  50-ft.  centers. 

The  crane  and  building  columns  are  spaced  at  25-ft.  centers 
and  supported  on  large  concrete  foundations.  For  the  roof 
calculations  the  assumed  loads  were: 

Snow  10  lbs.  per  ft. 

Wind    25  lbs.  per  ft 

Covering   15  lbs.  per  ft. 

Total    50  lbs.  per  ti. 

The  tension  members  were  confined  to  16,000  lbs.  per  Bqntra 
Inch  and  the  compression  members  to  14,000  lbs.    The  bnlMliig 
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STEEL    FRAME    OF    LOCOMOTIVE    SHOP,    WEST    SIDE. 


STEEL    FRAME    OF    LOCOMOTIVE    SHOP,    EAST    SIDE. 


1^ 

k 

CROSS   SECTION  OP  LOCOMOTIVE   SHOP  BUILDING. 

NEW   LOCOMOTIVE   SHOPS   AT   TOPEKA,   KAN.— ATCHISON,  TOPEKA  &  SANTA  FE  RAILWAY. 


columns  are  built  of  15-in.  I-beams,  in  pairs,  the  main  crane 
girders  being  supported  on  similar  columns. 

The  floQj-  is  of  concrete  6  ins.  thick  laid  on  the  ground.  On 
this  are  2  x  4-in.  timbers  of  yellow  pine  placed  18  ins.  apart  and 
covered  with  2-in.  tongued  and  grooved  maple.  The  shop 
tracks  are  laid  on  pine  ties  treated  with  the  zinr  chloride  pro- 
cess at  the  tie-treating  plant  of  the  company  in  New  Mexico. 
The  pits  are  of  concrete,  and  the  rails  are  placed  on  stringers. 
Where  ties  are  used  the  concrete  floor  finishes  up  to  the  ends 
of  the  ties,  which  may  be  removed  without  disturbing  the 
permanent  floor. 

These  extensive  improvements  have  been  in  preparation  for 
several  years.  The  buildings  were  designed  and  constructed 
under  the  direciion  of  Mr.  W.  B.  Storey,  chief  engineer,  and 
Mr.  A.  F.  Robinson,  bridge  engineer.  The  equipment  of  the 
shops  and  its  arrangement  were  under  the  direction  of  Mr. 
G.  R.  Henderson,  whose  administration  as  superintendent  of 
motive  power  began  after  the  preliminaries  and  the  buildings 
were  provided.     Mr.  F.  H.  Adams,  engineer  of  shop  extension, 


was  in  charge  of  the  machinery  and  installation,  and  the  un- 
usual state  of  efliciency  of  the  new  plant,  which  was  practi- 
cally in  full  working  order  in  30  days  after  it  was  put  into 
service,  is  largely  due  to  the  careful  preliminary  plans  for  the 
reception  of  the  machinery.  Mr.  John  Purcell  is  superintend- 
ent of  the  entire  plant  at  Topeka.  Shops  of  this  size  need  the 
individual  attention  of  a  specialist  in  shop  administration, 
and  other  roads  would  do  well  to  follow  thla  example  by  re- 
moving such  responsibilities  from  officers  who  have  their 
attention  fully  occupied  with  the  operation  of  locomotives  on 
the  road. 

The  power-house,  electrical  distribution,  machinery,  and 
operation  of  these  interesting  shops  will  be  subjects  of  subse"- 
quent  articles. 

Company.  The  heating  system  was  furnished  by  the  B.  F. 
Sturtevant  Company,  and  the  complete  electrical  equipment, 
for  both  lighting  and  power  distribution,  was  furnished  by  the 
General  Electric  Cowpany, 
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VANDERBILT    50-TON    COKE 
CAR. 

LACKAWANNA  COAL  &  C<IKK  COMTANY. 

Coke  cars  are  now  being  built  to 
the  (leBign  and  under  the  patents  of 
Mr.  Cornelius  Vanderljilt,  by  the 
South  Baltimore  StPfl  Car  &  Foun- 
dry Company,  for  the  use  of  the 
Lackawanna  Coal  &  Coke  Company. 
The  accompanying  engraving  ilius- 
trates  the  construction. 

Length  over  end  sills 41  ft.  0  Id. 

Length  Inside    40  ft.  0   In. 

Width  In.ilde    9  ft.   4   Ins. 

Width  outside  of  body 9  ft.  11   Ids. 

Height  top  of  side  to  top  of  rail, 

12  ft.  6  Ins. 
Weight.  IlEht,  estimated  ..  .37.000  lbs. 
Capacity,  .SO  clegs,  heap   .  .  .    3,744  cu.   ft. 

Capacity,   level    3,295   cu.    ft. 

Capacity,  coke,  30  degs.   heap. 

114,344  lbs. 
Capacity,  coke,  level  full  . .  .  100.497  lbs. 
Weight  of  coke,  averages  (cu.  ft.). 

38.5  lbs. 

The  sides  are  in  the  form  of 
trussed  girders,  with  diagonal 
braces  of  angles.  The  side  sills  are 
fi-in.  8-lb.  channels  and  the  center 
sills  15-in.  33-lb.  channels.  Six-inch 
lOMi-lb.  channels  form  the  top 
chords,  while  the  side  sills  form  the 
bottom  chords.  The  body  bolsters 
are  similar  to  those  used  in  the 
Vanderbilt  hopper  coal  cars  for  the 
West  Virginia  Central  &  Pittsburg 
Railway  (Amebicax  E.\(;iNf;EB, 
April,  1902,  page  103).  The  bol- 
sters are  built  up  of  two  10-in.  15- 
Ib.  channels,  forming  box  girders 
resting  on  top  of  the  center  and 
side  sills.  Depending  plates  are  se- 
cured to  the  webs  of  the  center  and 
side  sills  and  the  side  bearings  are 
secured  to  these  plates.  Floor 
plates  V4  in.  thick  are  used  through- 
out. Form,  %-in.  frame  diaphragm 
plates  connect  the  side  and  center 
sills  on  each  side. 

Expanded  metal  is  used  for  the 
sides  and  a  saving  of  25  per  cent, 
in  weight  secured.  This  material 
was  furnished  by  the  New  York  Ex- 
panded Metal  Company  and  has 
3-in.  meshes,  the  material  being 
twisted  and  disposed  in  such  a  way 
as  to  supply  lateral  stiffness  suffi- 
cient for  this  material.  There  is 
no  stress  upon  the  expanded  metal 
except  the  side  thrust  of  the  coke. 
Riveted  clips  hold  the  expanded  - 
metal  to  the  frame  so  that  it  cannot 
become  loose.  These  are  secured 
over  turned-up  edges  of  the  metal. 

The  hoppers  are  arranged  to 
dump  at  the  sid€is  of  the  car  and  a 
pair  of  doors  may  be  operated  si- 
multaneously, to  distribute  the 
load,  when  desired.  The  load  is 
dumped  outside  of  the  track.  Three 
winding  shafts  operate  the  doors  as 
indicated  in  the  engraving.  The 
slope  of  the  main  hopper  floor  is 
30  deg.  These  cars  are  equipped 
with  the  Sessions-Standard  Fric- 
tion Draft  Gear.  The  details  of  thii" 
design  were  developed  by  Mr.  L.  A.. 
Shepard  under  the  direction  of  Mr. 
Vanderbilt. 
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A  NEW  IDEA  IN  ELECTRIC  LOCOMOTIVE  DESIGN. 


TUE  MULTIPLE-UNIT  SYSTEM  APPLIED  TO  HEAVY  ELECTBIO  TRACTION. 


Baltimobe  &  Ohio  Railboad. 


The  General  Electric  Company  has  just  turned  out  from  its 
Schenectady  Worlis  an  electric  locomotive  for  the  Baltimore 
&  Ohio  which  is,  in  its  entirety,  the  heaviest  and  most  power- 
ful locomotive  ever  built  up  to  this  time,  whether  steam  or 
electrically  propelled.  It  is  intended  for  use  In  the  peculiar 
class  of  service  met  in  the  Belt  Line  Tunnel  of  the  Baltimore 
&  Ohio  at  Baltimore.  Md.,  where  a  third-rail  system  of  electric 
traction  has  been  in  successful  use  for  several  years,  as  most 
of  our  readers  well  know. 

The  section   of  the   Belt   Line   over   which   this   locomotive 


in  the  front  end  of  the  locomotive  when  running  in  either 
direction. 

The  cab  is  large  and  roomy.  The  floor  rests  on  the  truck 
frame,  the  lining  floor  being  of  1%-in.  hard  pine,  tongued 
and  grooved,  and  the  upper  floor  of  hard  pine,  %  in.  thick, 
tongued  and  grooved  and  laid  in  the  opposite  direction.  The 
sides  and  roof  of  the  cab  are  of  sheet  steel.  There  is  an  en- 
trance door  on  each  side,  and  at  each  end  there  is  an  addi- 
tional door  which  permits  of  ready  communication  between 
sections  when  coupled  together.  Large  windows  afford  an 
unobstructed  view  in  all  directions. 

Each  section  of  the  locomotive  is  equipped  with  a  bell,  a 
whistle,  two  locomotive  headlights.  Leach  pneumatic  track 
Sanders  and  a  complete  air-brake  equipment,  including  two 
engineer's  valves  and  air  gauges. 

The  main  body  of  the  truck  frame  consists  of  a  rectangular 
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will  be  operated  extends  from  the  Camden  Street  Station 
through  the  tunnel  to  the  summit  of  the  grade  outside  the 
tunnel,  a  distance  of  3V2  miles.  It  will  handle  all  the  freight 
traffice  of  the  Baltimore  &  Ohio  passing  through  Baltimore, 
in  the  same  manner  as  the  present  electric  locomotives,  built 
by  the  General  Electric  Company,  which  have  been  in  suc- 
cessful operation  for  the  past  eight  years. 

The  specifications  called  for  an  electric  locomotive  capable 
of  handling  a  1,500-ton  train,  including  the  steam  locomotive, 
but  excluding  the  electric  locomotive,  on  a  maximum  grade 
of  1%  per  cent.,  at  10  miles  per  hour,  with  corresponding 
higher  speed  on  lighter  grades.  This  required  a  locomotive 
weighing  approximately  160  tons  on  the  drivers  for  purposes 
of  adhesion,  so  that  the  engineers  of  the  General  Electric 
Company  decided  that  the  most  practicable  scheme  was  to 
build  an  articulated  locomotive  consisting  of  two  complete 
80-ton  units  operated  together  as  one  locomotive  by  means  of 
the  Sprague-General  Electric  multiple-unit  system  of  control. 
The  result  has  been  the  locomotive  illustrated  in  the  engrav- 
ing, and  it  promises  from  the  first  trials  to  more  than  meet 
the  expectations  of  the  designers. 

The  entire  locomotive  consists  of  eight  G.E.-65  motors,  four 
in  each  half-section.  These  motors  have  each  a  capacity  of 
225  h.p.,  making  the  total  capacity  of  the  locomotive  1,800  h.p. 
Each  section  is  equipped  with  the  multiple-unit  system  of 
control  and  is  so  arranged  as  to  permit  it  to  be  operated  inde- 
pendent of  the  other,  or  to  operate  as  well  when  several  sec- 
tions are  coupled  together.  The  controlling  apparatus  for 
each  section  consists  of  master  controllers,  engineer's  valves, 
etc.,  in  duplicate,  a  complete  set  being  located  in  diagonally 
opposite  corners  of  each  cab,  so  that  the  engineer  can  stand 


framework  of  cast  steel,  built  up  strong  and  heavy,  of  four 
pieces,  two  side  frames  and  two  end  frames.  The  parts  are 
securely  fitted  by  machining  at  the  ends  and  bolted  together, 
thus  forming  a  very  strong  and  rigid  structure  capable  of 
withstanding  the  most  severe  shocks.  The  end  pieces  are 
very  massive  and  form  the  buffer  beams,  and  to  which  a 
standard  draft  gear  is  attached.  The  side  frames  have  ma- 
chined jaws  protected  by  wearing  shoes,  between  which  the 
journal  boxes  slide.  < 

The  truck  frames  are  supported  at  four  points  on  equalizers. 
Each  equalizer  rests  on  a  pair  of  half-elliptic  springs,  the  ends 
of  which  are  supported  on  top  of  the  journal  boxes  through 
wearing  plates.  The  journal  boxes  are  made  similar  to  stand- 
ard car  journal  boxes,  the  parts,  however,  being  larger  and 
stronger.  The  brasses  can  be  easily  removed,  and  by  dropping 
down  the  wearing  shoes  it  is  possible  to  remove  a  journal  box 
complete  without  removing  the  wheels  and  axles  or  other 
parts  of  the  truck. 

In  order  that  the  locomotive  may  round  curves  easily,  the 
axles  are  given  considerable  lateral  movement  in  the  journal 
boxes,  it  being  practical  to  do  this  with  the  electric  locomo- 
tive design  and  thus  reduce  the  effective  rigid  wheel  base. 
The  wheels,  axles  or  motors  can  be  easily  removed  from  the 
trucks  by  dropping  into  a  suitably  constructed  pit  or  by  raising 
the  truck  frame. 

Each  section  of  the  locomotive  has  eight  steel-tired  spoked 
wheels.  The  tires  are  2%  ins.  thick,  with  M.  C.  B.  standard 
tread  and  flange,  and  are  securely  held  in  place  by  approved 
fastenings.  The  axles  are  made  of  forged  steel,  turned 
throughout,  6  x  12  Ins.  in  the  truck  journal-bearings,  8  ins.  in 
the  wheel  fit  and  TVs  Ins.  In  the  motor  bearings. 
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THE    PROPER    HANDLING    OF    THE    TONNAGE 
RATING    SYSTEM. 


By  R.  S.  Wickebsham, 


ASSISTANT  ENUINEEB  OF  TESTS,   SANTA    FE  COAST   LINES. 


The  question  ol'  tonnage  and  tonnage  rating  is  one  which 
has  come  rapidly  into  prominence  in  the  last  three  or  four 
years,  and  although  much  has  been  written  on  this  subject  in 
the  technical  papers  and  has  formed  the  topic  of  discussion  at 
■  many  railway  club  meetings,  still,  on  most  railroads,  it  is  far 
from  being  worked  on  a  satisfactory  basis  at  the  present  time. 
One  of  the  principal  troubles  has  been  that,  when  the  cry  went 
up  all  over  the  country  for  a  system  of  engine  rating  by  the 
tonnage  method,  too  many  officials  went  into  it  without  any 
knowledge  of  the  subject  and,  in  their  zeal,  made  the  tonnage 
heavier  than  has  been  found  wise  for  the  most  economical 
results,  both  in  engine  and  train  service.  Recently,  however, 
a  reaction  has  set  in  and  the  mistakes  made  in  inaugurating 
the  system  are  being  slowly  rectified. 

One  of  the  most  important  rectifications  that  is  slowly  being 
made  in  a  great  many  parts  of  the  country  is  that  of  abolish- 
ing the  double-header  system,  the  economy  of  which,  the  writer 
believes,  has  never  been  fully  demonstrated. 

It  is  a  fact  generally  admitted  that  whenever  a  division 
yard  gets  "blocked"  the  superintendent  runs  singlehead  trains 
and  in  a  short  time  has  the  yard  clear  once  more.  Again, 
with  the  heavy  power  that  is  being  built  at  the  present  time, 
the  tractive  force  that  is  developed  by  two  engines  is  enor- 
mous, and  the  numerous  light  capacity  cars  still  in  existence 
are  unable  to  stand  the  strain,  especially  if  near  the  head  end 
of  the  train.  The  writer  knows  of  cases  where  there  were  as 
many  as  twelve  break-in-twos  in  a  doublehead  freight  train  in 
running  over  one  division,  each  engine  on  this  train  develop- 
ing 40,000  lbs.  tractive  force.  In  such  cases  the  overtime 
would  more  than  offset  the  saving  in  train  crews'  wages,  to  say 
nothing  of  the  damage  to  equipment. 

In  a  great  many  instances  the  rating  of  engines  has  been 
assigned  to  the  operating  department  instead  of  putting  it 
where  it  naturally  belongs,  viz.,  with  the  superintendent  of 
motive  power,  who,  if  anyone,  knows  how  hard  an  engine 
should  be  worked  to  obtain  the  most  economical  results  and 
serve  the  best  interests  of  the  railroad  company.  One  of  thr 
chief  objections  for  leaving  the  rating  of  engines  in  the  hands 
of  the  operating  department,  or.  to  put  it  where  it  generally 
goes,  to  the  division  superintendents,  is  that  in  their  anxiety 
to  make  a  good  showing  they  lose  sight  of  the  importance  of 
giving  the  engines  a  fair  rating,  which  they  can  handle,  and 
load  the  engines  to  such  an  extent  that  the  overtime  and 
engine  failures  more  than  compensate  for  the  increased  ton- 
nage hauled. 

The  following  is  a  little  example  illustrating  the  evils  of 
overloading  engines  and  showing  its  false  economy:  On  a  cer- 
tain freight  division  of  one  of  the  large  railroads  there  were 
119  "dead  freight"  trains  moved  in  both  directions  over  the 
division  during  the  month  of  August  last.  This  does  not  in- 
clude local,  fast  or  time  freights — nothing  but  "drag"  trains 
being  considered.  Although  the  weather  conditions  during 
this  month  are  extremely  favorable,  there  were,  during  the 
month.  2fl  cases  of  stalling  on  hills  and  doubling,  which 
amounts  to  nearly  22  per  cent  of  the  drag  trains  run.  It  is 
assumed  that  doubling  a  hill  consumes,  at  a  minimum,  one 
hour's  time.  Also,  that  if  each  train  should  be  reduced  two 
cars,  or  60  tons,  it  would  be  enabled  to  make  an  hour's  better 
time  between  terminals.  Permitting  these  assumptions,  the 
00  tons  reduction  per  train  for  119  trains  would  mean  a  total 
of  7,140  tons  which  must  be  handled  in  excess  of  the  trains 
.Tlready  considered,  and  on  the  division  in  question  this  ton- 
nage would  be  run  in  five  trains.  The  average  time  between 
terminals  being  ten  hours,  these  five  trains  would  consume  50 
"engine  hours."  The  time  saved  is  one  hour  per  train,  by  the 
reduction  in  tonnage  made,  and  one  hour  saved  for  each 
double,  as  by  the  reduction  suggested  doubling  would  be  abol- 
ished.    This   makes   119  and  26  hours,  a  total   of  145   hours. 


Deducting  from  this  the  50  engine  hours  required  to  handle 
tne  excess  trains  leaves  a  net  saving  of  95  engine  hours. 
With  the  time  saved  nine  trips  over  the  division  could  be 
made,  handling  13,.'j00  tons  of  freight,  this  in  excess  of  what 
could  have  been  carried  by  the  overloading  method;  or  the 
time  could  have  been  spent  on  the  engines  in  the  roundbo.use 
putting  them  in  better  shape.  The  saving  in  overtime,  loss  oi 
fuel  due  to  excessive  forcing  of  engine  and  boiler,  delays  to 
other  trains  due  to  doubling  and  dragging  these  dead  freight 
trains  up  hills  are  not  noted  here  although  they  would  prove 
to  be  an  important  factor  in  railway  operation  even  it  some- 
what intangible. 

It  is'^a  well-known  fact  that  the  efficiency  of  an  engine  de- 
creases rapidly  as  the  boiler'is  forced.  Professor  Ooss,  in  his 
experiments  on  Schenectady  No.  1  at  Purdue  University, 
demonstrated  that  up  to  about  three-fourths  of  the  capacity  of 
the  boiler  the  water  evaporated  per  pound  of  coal  increased 
directly  with  the  coal  burned  per  sqtiare  foot  of  grate  area  per 
hour.  After  this  point  is  reached  the  evaporation  falls  oft 
very  rapidly.  This  is  one  of  the  points  not  considered  by 
operating  officials  in  establishing  a  rating  and  should  be  a 
good  reason  for  taking  that  power  out  of  their  hands.  A 
superintendent  will  load  an  engine  so  that  all  she  can  do  is  to 
drag  the  train  along,  forcing  the  engineer  to  work  his  engine 
about  three-fourths  stroke  over  a  greater  part  of  the  division. 
Such  work  as  this  eats  up  the  coal  pile  unnecessarily,  it  being 
the  last  50  or  75  tons  which  the  superintendent  insisted  upon 
putting  in  the  train  which  compels  the  engineer  to  work  his 
engine  uneconomically. 

Another  thing  to  which  very  little  attention  is  paid  is  that 
of  making  proper  reduction  of  tonnage  during  inclement 
weather,  whether  due  to  wind,  rain,  ice  or  snow.  As  a  rule,  no 
attention  is  paid  to  the  weather  unless  a  regular  tornado 
comes  along  and  so  forces  itself  upon  the  attention  of  the  train- 
master or  superintendent.  General  managers  should  insist 
that  division  superintendents  have  their  dispatchers  make  a 
proper  reduction  of  tonnage  in  bad  weather.  It  is  true  that  on 
most  roads  there  are  standing  orders  to  this  effect,  but,  .like 
many  another,  they  are  usually  made,  not  to  be  enforced.  &iit 
to  relieve  managing  officials  of  responsibility  in  case\  df 
possible  trouble.  .-' 

Nearly  all  operating  officials  will  admit  that  there  is'-ij) 
economy  in  overloading  engines  to  such  an  extent  as  to  cause 
overtime  and  engine  failures,  yet  they  go  on  in  the  same  old 
way,  doing  these  very  things.  One  of  the  most  successful  gen- 
eral superintendents  in  this,  country,  upon  taking  charge  re- 
cently of  a  new  territory,  said  to  me,  in  effect:  "My  idea  is 
this:  to  first  get  our  through  freight  trains  on  time  so  that 
shippers  can  count  on  getting  their  freight  as  per  our  sched- 
ule, then  we  will  see  what  can  be  done  in  the  way  of  tonnage." 
In  this  connection  I  might  say  that  the  line  with  which  the 
writer  is  connected  recently  increased  the  time  of  its  through 
freight  trains  quite  materially  in  order  that  shippers  might  be 
assured  of  getting  their  freight  when  promised. 

The  Southern  Pacific  Railway  has  inaugurated  a  system  of 
tonnage  rating  along  the  right  lines  by  appointing  a  tonnage 
rating  committee,  composed  of  the  superintendent  of  motive 
power,  engineer  of  maintenance  of  way  and  mechanical  engi- 
neer. These  gentlemen  get  out  the  tonnage  rating  sheets,  and 
all  the  superintendent  has  to  do  is  to  make  up  the  trains  in 
accordance  with  the  rate  sheet  made  out  for  his  division.  Tak- 
ing the  actual  rating  of  engines  out  of  the  hands  of  the  super- 
intendents eliminates  to  a  great  extent  one  important  factor 
in  the  overloading  of  engines,  viz.,  the  rivalry  between  divi- 
sions, due  to  the  desire  to  make  the  best  showing. 

The  ideal  as  well  as  the  most  economical  way  to  make  ton- 
nage rating  a  success  is  for  the  operating  and  mechanical 
departments  to  work  together,  and  for  superintendents  to 
cease  trying  to  make  a  record  at  the  expense  of  the  mechani- 
cal department.  The  moment  a  superintendent  tries  to  save 
money  by  saving  a  dollar  in  train  crews'  wages,  by  adding  pn 
tonnage  and  thereby  costing  the  mechanical  department  t\vo 
dollars  in  overtime,  increased  coal  consumption  and  year  and 
tear  on  the  machinery — that  moment  he  has  ceased  to  serve 
the  company's  best  interests  and  should  be  relieved. 


S26  AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


GENERAL  VIEW  OF  CAR,   SHOWING-  ARRANGEMENT  OF   SIDE  DOORS. 
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VIEW   OF  CAR  WITH   SIDE   DOCKS   OPEN,   INDICATING   LAR(iE   EXIT   CAPACITY. 


INTERIOB  VIEW  OF  CAR  TO   SHOW  CENTR.VL   ARRANGEMENT  OF  SEATS. 

NEW    STEEL-FRAME,    SIDE-DOOR    SUBUKBAN    PASSENGER    CABS. — ILLINOIS    CENTRAL  KAILROAD. 
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STEEL     FRAME     SIDE-DOOR     SUBURBAN    PASSENGER 

CARS. 


Illinois    Centual   Raii.wat. 


II. 


The  inleresting  newly  designed  suljurlian  passenger  cars 
for  the  Illinois  Central,  which  were  described  at  length  in  our 
Juno,  1903,  issue  (pages  204-20G),  have  recently  been  com- 
pleted and  are  to  be  immediately  placed  in  service  in  the  im- 
portant suburban  service  at  the  Chicago  terminal.  We  ar« 
permitted  to  present  photos  herewith  showing  the  general  ap- 
pearance of  the  exterior  and  interior  of  this  interesting  and 
novel  design  of  car. 

The  unusual  interest  which  attaches  to  these  suburban 
passenger  cars  is  due  not  entirely  to  the  novel  mechanical 
features  developed  in  their  design  and  construction,  but  even 
more  to  the  effect  this  type  of  car  is  likely  to  have  upon  the 
question  of  the  safe,  rapid  and  efficient  transportation  of  a 
dense  passenger  traffic,  and  especially  to  the  protection  against 
fire,  resulting  from  the  exclusive  use  of  steel  in  the  under- 
frame.  This  question  has  become  such  an  urgent  one  in  all 
large  cities  that  public  interest  is  immediately  concerned  in 
any  solution  that  offers  intelligent  and  practical  means  of 
relief  from  the  discomfort  and  dangers  incident  to  the  use  of 
the  end-door  type  of  car  of  wooden  construction,  which,  with 
all  its  other  disadvantages,  gives  to  the  public  the  minimum 
of  seating  accommodation,  with  the  slowest  possible  service 
in  receiving  and  discharging  passengers. 

As  indicated  in  the  above  mentioned  article,  the  English 
idea  of  a  side-door  is  used,  but  the  method  of  its  application 
is  quite  different;  and,  while  utilizing  the  side-door  principle, 
there  is  combined  with  it  all  the  advantages  of  the  central 
aisle  peculiar  to  the  American  end-door  car,  thus  producing 
a  type  of  car  having  the  advantages  of  both  systems  without 
their  disadvantages,  and  of  much  greater  seating  capacity. 

In  this  country,  with  the  steadily  Increasing  density  of 
passenger  traffic  upon  railroads  having  a  suburban  business, 
and  particularly  upon  the  elevated  and  subway  lines  handling 
a  heavy  metropolitan  traffic,  the  limitations  of  the  end-door 
cars  have  become  too  plainly  apparent,  as  demonstrated  by  the 
unreasonable  detentions  of  trains  at  stations  in  discharging 
and  taking  on  passengers  during  the  rush  hours  of  the  morn- 
ing and  evening.  These  detentions  have  a  material  influence 
in  diminishing  the  earning  capacity  of  the  properties,  to  say 
nothing  of  the  inconvenience  to  the  public  occasioned  by  the 
inability  of  the  lines  to  afford  the  requisite  accommodations. 
The  remedy  usually  applied  of  increasing  the  number  of  trains 
at  such  times  does  not  afford  the  desired  relief,  for  the  reason 
that  no  improvement  can  thus  be  effected  in  the  crowding  of 
passengers  at  the  ends  of  the  cars,  with  the  incidental  strug- 
gling efforts  of  many  persons  to  gain  immediate  entrance 
through  the  narrow  gateways  and  end-doors.  The  entire  sys- 
tem is  a  defective  one  and  must  necessarily  remain  so,  as  it 
produces  a  concentration  of  passengers  at  the  ends  of  cars 
and  congests  the  passageways  whenever  the  traffic  becomes 
heavy,  and  the  congestion  continues  to  increase  with  the  den- 
sity of  traffic  until  finally  the  blockade  is  complete  and  move- 
ment ceases. 

In  these  circumstances  it  is  evident  that  the  remedy  lies 
in  preventing  the  formation  of  the  crowded  groups  at  the 
ends  of  cars,  and  of  distributing  the  passengers  evenly  over 
the  entire  length  of  the  station  platform,  so  that  when  trains 
arrive  they  may  step  directly  and  conveniently  from  the  plat- 
form to  the  side-doors  of  the  cars  and  avoid  the  uneasy  move- 
ment up  and  down  the  platform  to  get  opposite  the  end  en- 
trances at  their  more  or  less  uncertain  points  of  stoppage. 
Such  distribution  can  be  effected  only  by  the  use  of  cars  hav- 
ing a  sufficient  number  of  side-doors  so  that  there  is  no  choice 
of  position  on  the  station  platforms  when  awaiting  trains. 
This  result  is  obtained  only  in  these  new  cars,  which  have 
12  sliding  side-doors  on  each  side,  each  door  being  directly 
opposite  a  section  of  eight  seats  and  spaced  5  ft.  from  center  to 


center  throughout  the  length  of  the  car,  which  also  has  double 
aisles  located  on  both  sides  just  inside  of  the  doors  and  ex- 
tending the  entire  length  of  the  car. 

Tho  numerous  advantages  of  this  method  of  transportation 
are  shared  alike  by  the  passengers  and  the  company.  The 
absence  of  the  crowding  and  the  necessary  struggling  to  gain 
entrance  to  the  car,  and  the  nearly  double  number  of  seats 
readily  accessible  than  are  to  be  found  in  an  ordinary  car,  are 
changed  conditions  readily  appreciated  by  the  passengers,  while 
the  rapidity  of  the  movement  of  receiving  and  discharging  pas- 
sengers will  materially  facilitate  train  movement  and  increase 
the  transportation  capacity  of  the  road.  As  between  an  end- 
door  and  a  side-door  car  the  relative  quickness  of  movement 
in  receiving  and  discharging  passengers  is  represented  by  the 
relation  of  the  length  to  the  width  of  the  car  and  the  number 
of  doors  available.  In  a  car  60  ft.  in  length  with  two  end- 
doors,  passengers  may  leave  the  car  in  a  single  file  at  the  rat« 
of  one  per  second  from  each  door,  requiring  30  seconds  to 
empty  the  car,  whereas  in  a  car  10  ft.  in  width  with  12  side- 
doors,  passengers  may  leave  the  car  at  the  rate  of  one  per 
second  from  each  door,  requiring  but  5  seconds,  or  one-sixth 
of  the  time  to  discharge  the  same  number  of  passengers. 

When  in  addition  to  these  advantages,  to  the  fireproof  quali- 
ties, and  to  the  impossibility  of  telescoping  in  case  of  collision, 
it  is  considered  that  the  steel-frame  car  is  from  G,000  to  10,000 
lbs.  lighter  than  cars  of  the  same  size  of  the  standard  wooden 
construction,  it  will  be  readily  seen  that  a  great  advance  has 
been  made  not  only  in  the  art  of  car  construction,  but  what  is 
perhaps  of  greater  importance — it  makes  possible  a  pro- 
nounced improvement  in  the  methods  of  passenger  transporta- 
tion. 

This  new  type  of  car  is  the  result  of  careful  study,  based 
upon  long  experience  in  the  handling  of  a  large  suburban  traf- 
fic on  the  part  of  Mr.  A.  W.  Sullivan,  assistant  second  vice- 
president,  and  of  Mr.  William  Renshaw.  superintendent  of 
machinery,  of  the  Illinois  Central  Railroad,  who  have  designed 
the  many  original  features  embodied  in  these  new  cars,  and  to 
whom  we  are  indebted  for  this  information.  Further  interest- 
ing details  of  the  cars  will  appear  in  our  next  month's  issue. 
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LOCOMOTIVE   DRAFT   APPLIANCES. 


Report  by   Professor  W.   F.   M.  Goss. 


XIX. 


(Concluded  from  Page  304.) 


The  stacks  and  nozzles  experimented  upon  are  shown  uy 
Fig.  107.  The  stack  was  made  of  sheet  iron  in  such  form  as  to 
slide  within  one  of  the  bases  which  had  been  used  in  connection 
with  the  previous  work.  Set  screws  inserted  around  the  lower 
part  of  the  base  assisted  in  centering  the  stack,  and  after 
each  adjustment  in  height,  the  joint  between  the  stack  and 
the  base  was  carefully  packed  to  avoid  leakage.  In  its  highest 
position  the  top  of  this  stack  was  at  the  same  point  as  that 
reached  by  the  "D"  stack  employed  in  experiments  with  out- 
side stacks.  The  length  of  the  straight  portion  was  constant 
and  equal  to  58  ins.,  the  total  length  including  the  flaring  por- 
tion at  the  lower  end  being  64  ins.  In  the  course  of  the  ex- 
periments, the  position  of  this  stack  was  changed  from  the 
highest,  as  shown,  to  positions  10,  20  and  30  ins.  lower,  bring- 
ing its  upper  end  to  a  position  agreeing  with  the  top  of  the 
outside  stacks  C,  B  and  A.  respectively.  It  should  be  noted  that 
throughout  the  experiments,  the  total  length  of  the  stack  tub* 
remained  unchanged,  and  also,  that  no  change  was  made  in  the 
flaring  portion  at  the  bottom. 

The  use  of  an  inside  stack  pre-supposes  a  low  nozzle,  and 
for  this  reason,  three  heights  of  nozzle  only  were  experimented 
upon,  namely.  No.  3  nozzle,  the  tip  of  which  is  on  the  center 
of  the  boiler;  No.  2  nozzle,  the  tip  of  which  is  5  ins.  lower;  and 
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the  exhaust  nozzle  and  the  base  of  tie  stack  when  the  latter  is 
in  its  highest  (D)  position,  is  the  same  as  that  betwee-n  the 
lowest  exhaust  nozzle  and  the  base  of  the  stack  when  the 
latter  was  in  its  position  (C).  It  appears,  however,  that  not- 
withstanding this  agreement  between  the  relative  position  of 
tip  and  base  of  stack,  draft  values  are  higher  for  the  higher 
tip  tFig.  110).  Again,  with  this  tip  and  the  third  position  of 
the  stack  (B)  we  have  the  same  relative  position  of  tip  and 
stack  as  existed  between  the  lowest  nozzle  and  the  lowest  posi- 
tion of  stack  (A),  so  that,  if  much  depends  upon  the  relative 
position  of  stack  and  tip  B,  results  in  Fig.  110  should  agree 
with  the  A  results  in  Fig.  108,  and  as  a  matter  of  fact,  there 
is  a  rather  close  agreement  in  these  results.  Finally,  it  is  of 
interest  to  note  that  with  the  highest  tip  and  the  lowest  stack, 
when  the  tip  is  well  into  the  body  of  the  stack  (position  A, 
Fig.  107),  draft  values  are  less  satisfactory  than  under  any 
other  condition. 

The  general  conclusion  to  be  derived  from  these  results  is 
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No.  1  nozzle,  the  tip  of  which  is  10  ins.  lower.  Tests  were 
made  in  connection  with  each  height  of  nozzle  tor  each  posi- 
tion of  the  stack.  Only  one  diameter  of  stack  was  experi- 
mented upon.  The  results  obtained  for  speeds  of  20,  30,  40,  SO 
and  60  miles,  respectively,  are  given  in  Tables  VI.  to  XIII., 
inclusive,  and  are  shown  graphically  in  Figs.  108.  109  and  110. 
Referring  first  to  Fig.  108,  representing  results  obtained  from 
the  lowest  nozzle,  it  will  be  seen  that  the  draft  was  best  when 
the  stack  was  at  its  highest  point,  and  that  it  diminished  as 
the  stack  was  lowered,  until  in  the  process  of  lowering  the 
stack,  its  lower  edge  approached  very  close  to  the  exhaust 
nozzle.  For  the  lowest  position  of  the  stack,  for  which  but  a 
trifle  more  than  an  inch  intervened  between  the  lower  edge  of 
the  stack  and  the  top  of  the  nozzle,  there  is  an  increase  in  the 
draft  value.  Fig.  109,  showing  the  results  obtained  in  connec- 
tion with  the  No.  2  nozzle  which,  for  the  lowest  position  of  the 
stack,  is  actually  inside  of  the  stack  itself,  gives  results  some- 
what similar.  Fig.  110  is  perhaps  most  interesting  in  com- 
parison with  Fig.  168.  In  Fig.  110.  the  exhaust  nozzle  is  on  the 
center  line  of  the  boiler,  and  the  distance  between  the  top  of 


to  the  effect  that  in  changing  the  amount  which  the  stack  pro- 
jects, it  is  not  possible  to  maintain  a  constant  stack  eflSciency 
by  allowing  the  stack  to  project  into  the  boiler  to  an  amount 
equal  to  the  reduction  in  its  outside  length. 

We  may  next  inquire  whether  there  is  any  advantage  in  al- 
lowing the  stack  to  project  inside  the  boiler,  as  compared  with 
results  obtained  with  varying  lengths  of  stack  outside.  For 
this  study,  reference  should  be  made  to  Figs.  Ill,  112  and  113, 
upon  which  are  plotted  results  obtained  at  a  speed  of  40  miles 
an  hour;  first,  from  the  sliding  stack;  second,  from  a  straight 
stack  of  the  same  diameter  and  of  a  height  equal  to  the  out- 
side projection  of  the  sliding  stack;  third,  from  the  best  re- 
sults obtained  from  any  straight  stack  of  the  height  specified, 
the  diameter  agreeing,  or  not  agreeing  with  that  of  the  sliding 
stack;  and.  fourth,  the  best  results  obtained  from  a  tapered 
stack  of  the  several  heights  specified,  regardless  of  its  diame- 
ter. To  properly  interpret  these  results,  one  needs  to  con- 
struct, either  actually  or  mentally,  a  picture  of  the  stack  con- 
ditions applying  in  each  case.  It  will  be  of  general  interest  to 
note  that  the  outside  straight  stacks  experimented  upon  were 
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not  sufficiently  large  for  results  of  maximum  efficiency  except 
for  ttie  very  shortest  length  employed.  In  view  of  this  fact 
and  in  view,  also,  of  the  fact  that  tho  straight  stark  of  the 
same  diameter  when  used  in  the  13,  C  and  U  heights  did  not 
give  as  good  results  as  straight  stacks  of  greater  diameter,  It 
may  be  questioned  whether  the  diameter  of  the  sliding  stack 
was  well  chosen  for  maximum  results.  It  is  clear,  however, 
that  the  results  as  shown  by  Figs.  Ill  to  113  do  not  constitute 
a  strong  argument  for  the  inside  stack,  since  better  results  are 
obtained  for  straight  stacks  of  the  same  diameter  when  the 
latter  are  of  short  length,  and  since  it  is  shown  to  be  easily 
possible  to  so  proportion  the  diameter  and  length  of  an  out- 
side stack,  even  when  the  projecting  heights  are  necessarily 
small,  as  to  give  better  results  than  those  representing  the 
inside  stack. 

While  the  conclusion  thus  presented  seems  to  be  fairly  Justi- 
fied by  the  experimental  data,  it  should  not  be  accepted  as 
conclusive.  The  problem  of  the  inside  stack  is  one  of  many 
variables.  The  work  already  accomplished  hardly  does  more 
than  to  suggest  the  difficulties  to  be  met  in  reaching  a  satis- 
factory conclusion.  Before  the  inside  stack  can  be  solved, 
much  attention  will  need  to  be  given  to  its  form  at  the  lower 
end. 

It  should  further  be  noted  that  it  la  the  practice  of  many 
roads  using  inside  stacks  to  construct  a  false  top  to  the  smoke- 
box,  thereby  imposing  such  conditions  as  to  make  the  stack 
In  effect  entirely  an  outside  stack.  This  is  a  condition  which 
should  be  embraced  by  a  further  study  of  the  subject,  and  until 
experiments  can  be  conducted,  which  can  involve  as  liberal  a 
plan  as  that  which  has  now  been  completed  upon  outside 
stacks,  it  will  be  rather  unsafe  to  predict  performance.  Mean- 
time, the  writer  would  say  that  his  discussion  before  the  Mas- 
ter Mechanics'  Association  in  June  concerning  the  advantages 
of  the  inside  stack,  which  was  based  upon  a  preliminary  and 
altogether  superficial  study  of  the  data,  seems  not  to  have  been 
entirely  justified. 

[Eihtor'.s  Note. — At  this  point  the  report  was  interrupted 
in  order  to  present  the  tormuls  in  the  June  issue.] 

SECTION    IX. 

50.  Acknowledgments. — Having  now  completed  the  de- 
scription of  this  research  it  is  fitting  that  some  specific  men- 
tion be  made  of  those  who  have  been  concerned  with  its  ad- 
vancement. The  locomotive  laboratory  of  Purdue  University 
was  installed  primarily  for  the  instruction  of  students.  As 
it  is  an  expensive  plant  to  operate,  and  as  the  trustees  of 
Purdue  have  had  but  little  money  which  could  be  used  In 
meeting  laboratory  expenses,  it  has  been  found  impracticable 
to  keep  the  plant  continuously  occupied.  It  has  in  fact  been 
idle  approximately  two-thirds  of  the  time  throughout  its 
eleven  years'  existence.  Being  impressed  with  the  impor- 
tance of  results  which  are  to  be  obtained  by  its  use,  the 
undersigned  has  made  repeated  efforts  to  prolong  its  working 
periods.  When,  therefore,  the  Amemcan  Engineer  proposed 
an  important  research,  with  a  pledge  covering  the  cost  of 
same,  its  offer  was  promptly  and  gladly  accepted.  The  research 
contemplated  has  long  since  been  finished  and  all  results 
have  now  been  published.  Viewing  the  undertaking  as  one  of 
scientific  achievement,  it  is  evident  that  a  large  part  has  been 
taken  by  the  American  Engineer,  and  it  is  to  this  journal, 
therefore,  that  formal  acknowledgment  should  first  be  made. 
Not  only  has  the  American  Engineer  supplied  funds  sufficient 
to  meet  all  ordinary  expenses  incident  to  the  active  operation 
of  Purdue's  locomotive  laboratory  for  the  larger  part  of  a 
year,  but  it  has  opened  its  columns  to  a  long  and  somewhat 
technical  report,  reproducing  with  a  lavish  hand  all  figure! 
and  diagrams  which  have  been  submitted  for  its  consideration. 

It  is  fitting,  also,  that  reference  be  made  to  the  indulgence 
extended  by  the  editor  of  the  American  Engineer.  In  the 
prosecution  of  the  work  difi^culties  were  encountered  which 
could  not  have  been  foreseen.  The  undertaking  was  not  of 
sufficient  extent  to  warrant  an  increase  in  the  permanent 
staff  of  the  laboratory  nor  has  it  been  practicable  to  employ 
outside  expert  assistance.  As  a  consequence,  the  work  was 
entirely  assumed  by  an  organization  previously  heavily  loaded 


with  routine  work,  upon  some  members  of  which  the  burden 
has  borne  heavily,  with  the  result  that  while  the  tests  werij 
run  with  reasonable  promptness,  the  task  of  summarizing 
data  and  formulating  the  report  proceeded  more  slowly,  so 
slowly,  in  fact,  that  more  than  a  year  has  elapsed  between  tha 
Initial  steps  of  the  experiments  and  the  completion  of  the 
concluding  portion  of  this  report.  While  the  editor  has  not 
complained,  it  is  evident  that  there  can  bo  no  justification 
for  such  delay  except  such  as  may  be  found  In  the  necesaltie.i 
of  the  situation. 

It  is  but  proper  to  mention,  also,  thai  while  the  Amebican 
Engineer  proposed  and  executed,  and  has  done  this  most  lib- 
erally, the  authorities  of  the  university,  also.  In  prescribing 
the  conditions  under  which  the  tests  were  to  proceed  have  in 
effect  made  important  contributions  to  Its  progress.  To  tho 
trustees  of  Purdue  University,  therefore,  much  credit  Is  due. 

The  undersigned  is  especially  indebted  to  Prof.  Edward  E. 
Reynolds,  under  whose  immediate  direction  the  work  of  th« 
laboratory  was  carefully  and  vigorously  advanced,  and  who, 
more  than  any  other,  has  devoted  himself  to  the  work  of  sum- 
marizing data,  and  in  drafting  portions  of  the  report;  also,  to 
Professor  William  Forsyth,  who,  while  associated  with  tht 
university,  gave  generous  attention  to  all  matters  of  design, 
and  whose  special  study  of  existing  stacks,  as  presented  In  a 
section  of  this  report,  is  elsewhere  acknowledged.  Credit  la 
also  due  members  of  the  senior  class  of  "  '02"  in  the  depart- 
ment of  mechanical  engineering,  who,  as  expert  observers, 
assisted  In  manning  the  laboratory,  and  especially  to  Messri. 
E.  Brock,  L.  Huxtable,  J.  P.  Cook  and  J.  C.  McGrath,  who 
presented  graduating  theses  covering  some  portion  of  the  in- 
vestigation, the  result  of  whose  labors  has  been  of  material 
aid  to  the  undersigned  in  the  preparation  of  this  report. 

Others  who  have  contributed  to  the  success  of  the  work, 
but  who  perhaps  have  rendered  their  aid  more  directly  to 
the  American  Engineer  than  to  the  undersigned,  are  as  fol- 
lows: The  Lake  Shore  &  Michigan  Southern  Railway  Com- 
pany, by  the  courtesy  of  Mr.  W.  H.  Marshall,  general  super- 
intendent, in  supplying  the  experimental  stacks  and  nozzles; 
the  Snow  Steam  Pump  Works  in  supplying  oil-feeding  device; 
the  Standard  Oil  Company  for  the  loan  of  oil  tank  and  for 
courtesy  in  connection  with  supplying  fuel  oil;  the  Atchison, 
Topeka  &  Santa  Fe  Railway  Company,  by  Mr.  G.  R.  Hender- 
son, superintendent  of  motive  power,  for  supplying  oil  burner; 
and  the  Claybourne  Oil  Burner  Company,  1770  Old  Celony 
Building,  Chicago,  111.,  for  supplying  oil  burner. 
Respectfully  submitted, 

W.  F.  M.  Goss. 

Engineering  Laboratory,  Purdue  University,  Jan.  10,  1903. 

[Eiiitoh'.s  Note. — This  is  the  conclusion  of  the  report  by  Pro- 
fessor Goss  and  completes  the  record  of  the  tests  up  to  date. 


OIL  BURNING   PASSENGER    LOCOMOTIVE. 


Vauclain  Compound   4 — 4 — 2   Type. 


southern   pacific  railway. 


This  is  the  first  locomotive  of  the  4 — 4 — 2,  or  Atlantic, 
type  from  the  Baldwin  Locomotive  Works  having  the  main 
road  connected  to  the  leading  driWng  wheels.  The  wheel 
base  for  the  locomotive  alone  is  31  ft.  3%  Ins.,  which  is  longer 
than  that  of  any  other  four-coupled  locomotive  in  our  record. 
Its  total  wheel  base  of  locomotive  and  tender  is  65  ft.  5%  ins., 
which  is  more  than  3  ft.  longer  than  the  wheel  base  of  the 
two  enormous  decapods  of  the  Santa  Fe.  The  new  Southern 
Pacific  engine  has  a  Vanderhilt  firebox,  arranged  for  burn- 
ing oil  and  containing  a  departure  in  the  form  of  a  water 
leg  at  the  back  end  of  the  firebox.  The  back  end  of  the 
boiler  tapers  sharply  to  the  back  head,  whereby  considerable 
weight  is  saved  and  the  cab  Is  made  more  roomy.  This  road 
has  adopted  semi-circular  tanks  for  the  tenders  of  oil-burn- 
ing engines.  The  one  shown  in  the  engraving  carries  7.300 
gals,   of   water   and    3,300   gals,   of  oil.     The   construction    of 
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NEW   OIL-BURNING   PASSENGER   LOCOMOTIVE. — SOUTHERN   PACIFIC    KA    ILWAY. 
VAUCLAIN    COMPOUND. — 4-4-2    TYPE. 


these  tenders  was  illustrated  in  this  journal  in  November, 
1902,  page  350.  The  wheel  base  of  this  tender  is  24  ft.  4  ins. 
The  tractive  power  as  a  compound  is  21,690  lbs.,  and  with 
the  starting  valve  open  it  is  increased  to  24,000  lbs.  The 
following  are  the  ratios  or  capacity  factors,  and  the  appended 
table  presents  the  leading  dimensions: 

RATIOS. 

Heating  surface    to  volume  of  high-pressure  cylinder.  .  ~  .  . 

Tractive  weight  to  heating   surface =  .  . 

Tractive  weight  to  tractive  effort =  .  . 

Tractive  effort     to  heating  surface =  .  , 

Tractive  effort  X  diameter  of  drivers  to  heating  surface  ==  .  . 

Heating   surface   to  tractive    effort z=  .  . 

Total   weight   to    heating   surface =  .  . 


Rigid 15  ft.   10  ins. 

Total  engine 31  ft.  3 1/2   ins. 

Total  engine  and  tender 65  ft.  5%  ins. 

Weight — On  driving  wheels 102,190  lbs. 

On  truck,   front 61,620   lbs. 

On  trailing  wheels 36,220  lbs. 

Total  engine 200,030  lbs. 

Total  engine  and  tender About  340.000  lbs. 

Tank — Capacity Water,  7,300  gals. ;    oil,  3,300  gals. 

Tender — Wheels Number,  8  ;    diameter.  33  V4   ins. 

Journals   5%  x  10  Ids. 


.531. 
.    33.6 
.      4.71 
7.14 
.564. 
.    14% 
.    65.8 


MACHINE    TOOL    PROGRESS. 


4 — 4 — 2  Type  Passenger  Locomotive. 
Southern  Pacific  Railway. 

Gauge   4  ft.  8Vi   Ins. 

Cylinder 15  ins.  and  25  ins.  x  28  ins. 

Valve ■ Balanced  piston 

Boiler — Type Wagon    top 

Material    Steel 

Diameter    66   ins. 

Thickness  of  Sheets 11-16  and   %   in. 

Working   pressure 200    lbs. 

Fuel Oil 

Firebox — Material    Steel   Vanderbilt 

Length    121  ins. 

Diameter    ^....63%    ins. 

Thickness  of  tube  sheets ^^    in. 

Tubes — Material    Steel.     Wire  gauge,  125  mm. 

Number    346 

Diameter   i 2   ins. 

Length    16   ft. 

Heating  Surface — Firebox 155   sq.   ft. 

Tubes 2.883  sq.  ft. 

Total    3,038  sq.  ft. 

Driving  Wheels — Diameter  outside 79  ins. 

Diameter  of  center 72    ins. 

Journals 9  x  12  ins. 

Engine  Truck  Wheels    (Front) — Diameter 36^    ins. 

Journals ' 6  x  10  ins. 

Trailing  Wheels — Diameter    54^    ins. 

Journals   8%  x  12  ins. 

Wheel  Base — Driving 6  ft.  10  Ins. 


Feeds  and   Drives. 


IX. 


BY    C.    W.    OBERT. 


Another  interesting  variable-speed  driving  mechanism  for  a 
radial  drill  is  illustrated  in  this  article.  The  Mueller  Machine 
Tool  Company,  Cincinnati,  Ohio,  have  appreciated  the  im- 
portance of  providing  a  wide  range  of  speeds  for  the  drive 
upon  their  drill,  the  result  being  the  interesting  variable- 
speed  device  described  below.  By  means  of  this  mechanism 
and  the  spindle  back-gear^he  operator  of  the  Mueller  radial 
has  at  his  command  a  range  of  16  different  speeds,  all  easily 
obtainable. 

The  new  speed-box  is  illustrated  in  the  engraving.  Fig  44, 


FK;    44. — VIEW   OF   THE    SPEED  BOX   APPLIED  IN   CONJUNCTION   WITH 
AN  ELECTBIO  DETVE  TO  THE  MUEIXEB  BADIAi  DBUX. 


1..MJ  VIKW  OF  HEAD  Ul'OX  ARM,  SHOWING 
FEICTION-PLATE   FEEDING    MECHANISM. 
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on  the  opposite  page,  in  which  the  drive  snown  for  the  drill  is 
an  electric  motor  operating  through  a  gear  train  enclosed  in  a 
dust-proof  case.  The  general  view  of  the  Mueller  radial.  Fig. 
48,  below,  does  not  show  the  new  speed-box  applied.  The 
principle  upon  which  the  variable-speed  mechan 
is  made  clear  in  the  drawing  reproduced  at  the 

The  driving  shaft  for  this  mechanism  is  shaft,  A,  and  the 
delivery  shaft,  driving  the  drill  is  shaft,  C,  shaft,  B,  being  an 
intermediate.  Upon  shaft.  A,  are  mounted  loosely  the  four 
gears,  E,  F,  G  and  H,  upon  each 
of  which  gears  is  mounted  a 
friction  clutch  for  driving  from 
the  shaft.  These  loose  gears 
mesh  with  gears,  I,  J,  K  and 
L,  respectively,  which  are  all 
keyed  upon  shaft,  B,  so  that 
whenever  a  gear  on  shaft,  A,  is 
thrown  in  clutch,  shaft,  B,  is 
driven  at  a  different  speed;  this 
provides  four  speeds.  Then,  as 
may  be  seen  from  the  end  view, 
the  drive  is  made  from  shaft, 
B  to  C,  either  through  gears, 
K-N.  or  through  gear  train, 
L-P-Q-M,  according  as  fric- 
tion clutch,  U,  is  thrown  to  the  left  or  the  right.  This  makes 
eight  speeds  available  in  the  speed-box. 

The  friction  clutches  controlling  the  four  gears  on  shaft.  A, 
are  operated  by  the  two  lever  handles,  R,  outside,  which  shift 
the  wedges,  T-T,  by  means  of  trunnions,  S,  These  clutches 
are  of  the  spring  ring  type,  insuring  smoothness  of  action  in 
starting.  The  small  lever  shown  on  the  front  of  the  box  is 
for  the  purpose  of  locking  either  one  of  the  levers,  R,  while 
the  other  is  in  use,  this  being  to  prevent  the  accidental  throw- 
ing of  two  gears  in  clutch  on  shaft,  A,  at  the  same  time.  The 
numbers,  1,  2,  3  and  4,  on  the  case  indicate  the  positions  to 
which  the  levers,  R.  must  be  thrown  for  the  various  speeds 
available  thereby,  1  being  the  fastest  and  4  the  slowest  speed 
of  that  group. 

Friction  clutch,  XJ,  which  governs  the  two  speed  ranges,  is 
eIso  used  for  starting  and  stopping  the  drill  spindle.     It  is 

controlled  from  outside  by  a 
starting  lever  extending  from 
the  loose  ring  shown  encircling 
the  column  above  the  swing- 
ing table,  which  ring  engages 
with  rod,  X,  shown  in  the  draw- 
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Plan  View,  9«rllon  through  BhifU  A  iQil  B. 
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l-IO.    45. — DETAILS    OF    THE    V.\UIABLE-SI>EED    MECHANISM    FOB   THE    Ml  ELLEB  BAOIAL  DRILL. 


ing.  As  this  ring  is  turned,  sleeve,  .W,  is  turned  and  by  a 
pinion  at  its  lower  end  moves  rack,  Y,  and,  with  it,  rod,  V. 
Thus,  as  the  ring  is  thrown  to  the  right  or  left,  either  the 
slow  or  fast  train  of  gears  is  clutched  to  shaft,  C,  by  U. 

Another  feature  of  this  portion  of  the  mechanism  is  that  of 
a  double-throw  train  of  gears  between  gears,  L  and  M,  by 
means  of  which  a  reversal  of  motion  is  permitted.  These  gears 
are  carried  on  a  tumbler  as  is  made  clear  in  the  end  view. 
Normally  the  drive  is  through  L-P-Q-M,  but  by  shifting  the 
tumbler  handle,  gears  P-Q  are  lifted  up  and  gear,  O,  dropped 
into  mesh  with  L,  making  the  drive  through  L-O-M.  This  is 
a  very  convenient  method  of  reversal  for  use  in  tapping,  etc. 

The  starting  lever  is  also  used  to  control  the  power  raising 


FIG.    48. GENEKAL    VIEW    OF    THE    MUELLEB   RADIAi    DBILL. 


FIG.    47. — KEAK    VIKW    OF    UEAIi    Ui'OX    ABM,    SHOWING    DETAILS. 

and  lowering  of  the  arm,  as  well  as  the  stopping  and  starting 
of  any  of  the  entire  range  of  speeds.  When  this  clutch  is 
thrown  out  the  lower  driving  shafts,  A  and  B,  are  the  only 
ones  in  motion,  thus  reducing  to  a  minimum  the  wear. 

The  variable-speed  feeding  device  used  upon  the  Mueller 
radial  is  a  friction  plate  and  disc,  the  location  of  which  ia 
made  plain  in  Figs.  46  and  47.  The  friction  disc  is  easily 
moved  across  the  plate  for  changes  of  feeding  speed,  which 
may  be  made  when  the  drill  spindle  is  in  operation.  By 
moving  the  disc  from  the  center  to  the  rim  of  the  plate,  feeds 
from  0  to  .023  in.  per  revolution  of  the  spindle  may  be  ob- 
tained. The  drive  for  the  automatic  feed  is  made  through  a 
jaw  clutch  on  the  shaft  carrying  the  worm  which  drives  the 
gear  on  the  feed  shaft. 
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EDITORIAL    ANNOUNCEMENTS. 

Ad-vertlseinents.  -  Nulhing  will  be  inserted  in  this  juurnal for  pay,  EXCEPT 
IN  THE  ADVERTISING  PAGES.  T?ie  re  iding  p  ines  Kill  cuntain  only  such 
matter  as  v:e  consider  of  interest  to  our  readers. 

Conlrlbiillous.— ^r<!cfes  relating  to  railway  rotXing  stock  construction  and 
management  and  kindred  topics,  by  those  who  are  pruclically  i  cijuainted 
with  these  subjects,  are  specially  desired.  Also  e  irly  notices  ofojfficlil  ch^inges, 
and  ndditicms  of  new  equipment  for  the  road  or  the  shop,  by  purchuse  or 
construction. 


AN    ADVANCE    STEP    IN    SUPERHEATING. 


If  superheated  steam  can  be  used  successfully  In  locomotives 
its  introduction  appears  to  be  the  most  important  improvement 
now  at  hand.  An  experimental  application  has  given  excellent 
results  on  the  Canadian  Pacific  Railway  for  about  two  years, 
and  Mr.  Williams  expresses  his  opinion  of  the  idea  in  the 
practical  form  of  two  new  locomotives  which  are  to  be  fitted 
with  superheaters.  One  of  these  is  building  at  the  Schenectady 
Works  of  the  American  Locomotive  Company  and  the  other  iu 
Scotland.  These  embody  new  construction,  which  is  illus- 
trated in  this  issue.  This  plan  seems  likely  to  prove  entirely 
successful,  and  if  so  it  will  mark  a  distinct  step  in  advance  in 
the  use  of  superheated  steam.  Mr.  Williams  is  entitled  to  the 
credit  of  introducing  superheating  to  the  locomotive  practice 
of  this  continent.  Readers  are  urged  to  watch  this  develop- 
ment carefully. 


THE    NEW  MULTIPLE  UNIT  ELECTRIC  LOCOMOTIVE. 


"o  Subscribers.— r^c  American  Engineer  asd  Railroad  Journal 
is  mailed  regularly  to  every  subscriber  each  month.  Ajty  subscriber  who  fiUs 
to  receive  his  paper  ought  at  once  to  notify  the  postmaster  at  the  office  of 
delivery,  atid  in  case  the  jiiper  is  nut  then  obt  lined  this  office  should  be 
nomied,  so  that  the  missing  pfijxr  rniy  be  supplied.  AVbeu  a  sub- 
'srrlber  cbau^reN  liis  aU<lress  he  ought  to  notify  this  office  at  once,  so 
that  the  paper  may  be  sent  to  the  proper  destination. 
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The  design  of  the  new  electric  locomotive  that  is  soon  to  go 
in  service  upon  the  Belt  Line  Tunnel  section  of  the  Baltimore 
&  Ohio,  and  which  is  illustrated  on  another  page  of  this  issue, 
is  remarkable  for  being  the  first  application  of  the  multiple 
unit  idea  to  heavy  electric  haulage.  There  are  many  advan- 
tages of  this  method  over  that  of  placing  all  the  power  and 
weight  in  one  unit:  the  weight  is  distributed  more  evenly 
over  the  track,  the  individual  units  are  smaller  and  less  cum- 
bersome, and,  the  most  important  of  ail,  the  locomotive  may 
be  increased  in  size  indefinitely  by  the  mere  addition  of  more 
units  to  the  group — in  this  way  all  the  advantages  of  double- 
heading  are  obtained  without  the  disadvantages.  The  multiple 
unit  system  permits  any  number  of  units  to  be  grouped  to- 
gether and  all  operated  and  controlled  simultaneously  from 
one  point  on  the  train.  This  is  an  important  move  in  the  prob- 
lem of  simplification  of  the  movement  of  heavy  trains  anu  will 
be  watched  with  interest. 

The  design  of  each  unit  seems  also  to  be  entirely  rational 
and  practical.  It  is  absolutely  unhampered  by  the  limiting 
conditions  of  steam  locomotive  practice,  having  been  designed 
from  a  knowledge  of  and  experience  with  the  best  electric 
railway  practice  of  to-day.  Cast  steel  frames  of  massive  design 
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jewels.  It  seems  a  little  funny  to  think  of  rubies  and 
sapphires  being  made  by  the  carload,  but  this  is  true.  They 
are  shipped  to  Worcester,  where  they  are  crushed  into  grains, 
and  when  their  treatment  is  complete  we  have  practically  the 
pure   crystals. 

"The  grinilinK  machine  of  to-day  is  a  very  heavy  machine, 
with  plenty  of  pig  iron  in  it,  and  very  heavy  steel  spindles. 
Where  four  years  ago  a  grinding  machine  that  carried  a  wheel 
12  ins.  or  14  ins.  in  diameter  had  a  spindle  weighing  perhaps 
30  lbs.  by  itself,  to-day  a  machine  for  doing  the  same  worli 
has  a  spindle  weighing  100  lbs.,  a  wheel  24  ins.  in  diameter, 
2,  3  and  4  ins.  thick,  accolding  to  the  nature  of  the  work  to 
be  done. 

"We  are  grinding  piston  rods  today  with  wheels  4  ins.  thick 
and  advance  along  the  work  4  ins.  to  every  revolution  of  the 
rod  during  the  roughing  operation. 

"Some  idea  of  the  size  to  which  grinding  machines  are 
carried  to-day  may  be  had  when  I  tell  you  that  we  are  ship- 
ping at  this  time  some  grinding  machines  that  are  22  ft.  long 
and  weigh  some  22,000  lbs.  each,  and  they  are  to  grind  work 
weighing  up  to  6,000  lbs.  revolving  on  the  centers  of  the 
machine. 

"Briefly,  the  idea  of  the  grinding  machine  to-day  is  to  put 
more  money  and  material  into  the  machine,  also  more  power 
into  the  shortest  space  of  time  to  save  labor." 


MASTER    MECHANICS'    ASSOCIATION    SCHOLARSHIPS. 


A  vacancy  in  the  scholarship  at  Stevens'  Institute  of  Tech- 
nology at  Hoboken  should  be  filled  immediately.  The  entrance 
examinations  will  be  held  September  14  to  17,  inclusive.  Any- 
one in  the  employ  of  members  of  the  association  is  eligible 
and  may  apply  to  Mr.  J.  W.  Taylor,  secretary  of  the  associa- 
tion, 667  The  Rookery,  Chicago,  111.,  for  further  information. 
The  J.  T.  Ryerson  scholarship,  presented  at  the  recent  con- 
vention, will  be  confined  to  Purdue  University,  the  examina- 
tions being  held  September  7.  This  scholarship  also  is  avail- 
able to  anyone  in  the  employ  of  members  of  the  association. 
Certificates  and  other  information  may  be  had  from  Mr.  J.  W. 
Taylor  at  the  address  already  given. 


The  Grafstrom  memorial  fund  is  progressing  and  a  generous 
response  is  assured  from  all  who  knew  Mr.  Grafstrom  and 
those  who  did  not,  but  who  admire  his  character  as  shown  in 
his  self-sacrificing  death.  The  executive  committee  of  the 
Railway  Supply  Men,  acting  with  the  consent  of  the  executive 
committee  of  the  Master  Mechanics'  Association,  has  issued  a 
statement  of  the  object  and  plan.  A  quick  and  generous  re- 
sponse is  assured. 


A  new  engineering  association,  called  the  American  Rail- 
way Mechanical  and  Electrical  Association,  has  recently  been 
formed  by  the  mechanical  officials  of  electric  railways.  It  is 
closely  related  to  in  object  and  will  meet  with  the  American 
Street  Railway  Association  at  Saratoga  next  week. 


COMMUNICATIONS. 


MEETING    PLACE    FOR    CONVENTION    OF    1904. 

To  the  Editor : 

I  notice  in  your  i.s.sue  of  August  your  remarks  in  regard  to  the 
next  meeting  of  the  Master  Mechanics'  Association  to  be  held  at 
St.  Louis.  You  probably  know  that  St.  Louis  has  been  mentioned 
liof(M-i>  iti  ((luui'clicm  willi  lliis  mutter,  but  was  not  cousidi>rcd 
favorably  by  the  members  of  the  a.ssociation.  One  convention  hiis 
been  held  there,  which  I  attended,  and.  with  many  other  old  mem- 
bers, determined  that  I  would  never  agree  to  another  meeting  in 
that  city.  The  hotel  accommodations  were  guaranteed,  as  they  are 
now,  and  were  found  to  be  very  unsatisfactory.  The  feeling  toward 
the  members  of  the  convention  was  anything  but  genial.  'The  citi- 
zens all  seemed  to  be  suffering  from  a  severe  frost.  I  earnestly 
hope  that  all  the  members  who  were  with  me  at  that  time  will  aid 
in  a  vigorous  protest  against  holding  the  convention  in  that  city. 

James  M.  Boon. 

Chicago,  August  7,  1903. 


PERSONALS. 


Mr.  S.  B.  Wight  has  been  appointed  purchasing  agent  of  the 
Michigan  Central  to  succeed  Mr.  James  R.  Dutton,  resigned. 


Mr.  A.  llarrity  has  been  appointed  master  mechanic  of  the 
Atchison,  Topeka  &  Santa  Fe,  at  Raton,  New  Mexico,  to  suc- 
ceed Mr.  D.  A.  Sullier,  resigned. 


Mr.  A.  L.  Humphrey  has  resigned  as  superintendent  oi  mo- 
tive power  of  the  Chicago  &  Alton  to  become  manager  of  the 
Westinghouse  Air  Brake  Company's  interests  in  Chicago. 


Mr.  G.  A.  Bruce  has  been  transferred  from  the  position  of 
master  mechanic  of  the  Willmar  &  Sioux  Falls  division  of  the 
Great  Northern  to  a  similar  position  on  the  Superior  & 
Mesabi   division  at  Superior,   Wis. 


Mr.  A.  G.  Elvin  has  resigned  as  master  mechanic  of  the 
Delaware,  Lackawanna  &  Western  to  become  manager  of  the 
mechanical  department  of  the  Coffin-Megeath  Supply  Company, 
with  headquarters  at  Franklin,  Pa. 


Mr.  D.  M.  Perrine  has  been  transferred  from  the  position  of 
master  mechanic  of  the  Pennsylvania  at  Pittsburgh  to  the 
same  position  at  Philadelphia,  and  is  succeeded  at  Pittsburgh 
by  Mr.  I.  B.  Thomas,  promoted  from  the  position  of  assistant 
engineer  of  motive  power  at  Altoona. 


Mr.  R.  F.  Kilpatrick  has  been  transferred  from  Kingsland, 
N.  J.,  to  Scranton,  Pa.,  as  master  mechanic  of  the  Delaware, 
Lackawanna  &  W«9t«^S:  to  succeed  Mr.  A.  G.  Elvin,  who  re- 
cently resigned  to  enter  the  service  of  the  Cofiin-Megeath  Sup- 
ply Company.  Mr.  Kilpatrick  is  succeeded  at  Kingsland  by 
Mr.  W.  L.  Boler. 


Mr.  A.  L.  Moler  has  been  appointed  superintendent  of  mo- 
tive power  of  the  Chicago,  Cincinnati  &  Louisville,  with  head- 
quarters at  Richmond,  Ind.  He  has  been  master  mechanic  of 
the  Vicksburg,  Shreveport  &  Pacific,  and  is  succeeded  in  that 
position  by  Mr.  L.  B.  Ferguson,  chief  draughtsman  of  the 
New  Orleans  &  Northeastern  at  Meridian,  Miss. 


Mr.  D.  F.  Crawford  has  been  appointed  general  superintend- 
ent of  motive  power  of  the  Pennsylvania  lines  west  of  Pitts- 
burgh, with  headquarters  at  Pittsburgh.  He  is  succeeded  as 
superintendent  of  motive  power  of  the  Northwest  System  by 
Mr.  T.  W.  Demarest,  with  headquarters  at  Fort  Wayne,  Ind. 
Mr.  M.  Dunn  succeeds  Mr.  Demarest  as  superintendent  of  mo- 
tive power  of  the  Southwest  System  at  Columbus.  Mr.  S.  W. 
Miller  succeeds  Mr.  Dunn  as  master  mechanic  of  the  shops  at 
Columbus,  and  Mr.  G.  C.  Bishop  succeeds  Mr.  Miller  as  master 
mechanic  at  Logansport,  Indi. 


Mr.  Theodore  H.  Curtis  has  been  appointed  superintendent 
of  machinery  of  the  Louisville  &  Nashville  to  succeed  the  late 
Pulaski  Leeds.  Mr.  Curtis  has  been  connected  with  this  road 
as  mechanical  engineer  since  January  1.  1901.  His  railroad 
service  began  with  the  position  of  chief  draughtsman  of  the 
Cleveland.  Cincinnati,  Chicago  &  St.  Louis  in  1886.  After  two 
years  service  with  the  Brooks  and  the  Pittsburgh  locomotive 
works  he  went  to  the  "Nickel  Plate"  as  chief  draughtsman,  and 
in  1899  was  appointed  mechanical  engineer  of  the  Erie,  which 
piMltlon  he  held  until  he  went  to  the  Louisville  &  Nashville. 
Mr.  Curtis  is  37  years  of  age,  and  his  appointment  adds  an- 
other to  the  list  of  young  technical  men  to  be  selected  for  im- 
portant motive  power  responsibilities.  Mr.  Harry  Swoyer, 
heretofore  general  master  mechanic,  has  been  appointed  assist 
ant  superintendent  of  machinery. 
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COMPOUND  PASSENGER  LOCOMOTIVES,   4—4—2  TYPE 
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Vauclain  Fouk-Cvlindeb  Balanced   System. 


ATCHISON,   TOPEKA   &   SANTA   FE   RAILWAY. 


The  engraving  presented  at  the  left  represents  one  of  the 
four  balanced  compound  locomotives  that  the  Baldwin  Loco- 
motive Works  have  recently  built  for  the  Santa  Fe.  The  de- 
tails of  these  locomotives  were  illustrated  and  described  very 
fully  on  pages  210-213  of  our  June  (1903)  issue,  but  a  photo- 
graph of  the  locomotive  was  not  available  at  that  time. 

These  locomotives  are  of  the  4 — 4 — 2,  or  Atlantic,  type,  but 
present  a  marked  difference  in  external  appearance,  in  that 
the  main  drivers  are  located  ahead  instead  of  at  the  rear,  as  is 
usual  with  unbalanced  locomotives  of  this  type.  This  con- 
struction is,  of  course,  essential  in  the  four-cylinder  balanced 
compound  to  admit  of  the  necessary  inside  rod  connections 
between  the  high-pressure  cylinders  and  the  cranked  main 
axle.  Otherwise  the  locomotive  does  not  differ  in  appearance 
noticeably  from  the  ordinary  4 — 4 — 2  type  engine.  The  results 
to  be  met  in  service  with  these  engines  will  be  eagerly  watched 
for  by  all  locomotive  officials. 


NEW    LOCOMOTIVE    AND    CAR    SHOPS, 


COLLINWOOD,  OHIO. 


Lake  Shore  &  Michigan  Southern  Railway. 


X. 


THE  FUEL  OIL  STORAGE  AND  DELIVERY  SYSTEM. — THE  OIL  FURNACES. 


In  the  design  of  the  auxiliary  equipment  for  the  Collinwood 
shops  of  the  Lake  Shore  &  Michigan  Southern  Railway  par- 
ticular attention  was  given  to  the  arrangement  of  the  piping 
and  storage  system  for  handling  the  fuel  oil  for  use  in  the 
oil  furnaces,  as  well  as  also  to  the  selection  of  the  oil  fur- 
naces for  the  peculiar  service  to  be  met.  For  a  large  num- 
ber of  the  heating  furnaces,  as  well  as  annealing  and  case- 
hardening  furnaces,  it  was  decided  to  use  crude  petroleum 
for  fuel.  Twenty-one  oil  furnaces  have  been  placed  in  the 
boiler  and  blacksmith  shops,  which  necessitated  the  installa- 
tion of  an  extensive  fuel  supply  system.  The  storage  system 
adopted  was  that  of  underground  storage  tanks  located  apart 
from  the  shop  buildings,  fro'm  which  the  oil  is  delivered  to 
the  various   furnaces  by  air  pressure   in  the  tanks. 

An  engraving  on  page  335  presents  a  general  plan  of  the 
storage  tank  arrangement  and  of  the  delivery  piping  systeml 
The  two  storage  tanks  are  situated  in  a  depressed  concrete 
pit,  near  the  east  end  of  the  scrap  platform,  365  ft.  from  the 
east  wall  of  the  spring  shop.  From  this  point  two  oil  pipes 
run  west  into  the  blacksmith  shop,  where  one  branch  (No.  2) 
runs  south  to  supply  the  forging  and  case-hardening  furnaces 
in  that  department,  while  the  other  (No.  1)  runs  north  to  the 
spring  and  bolt  shops  and  thence  to  the  boiler  shop.  All  the 
piping  laid  underground  is  extra  strong  pipe  and  is  placed 
3  ft.  below  grade,  except  inside  of  buildings,  where  it  is  laid 
12  ins.  below  the  floor  level. 

There  are  two  storage  tanks  having  a  capacity  of  12,000  gals. 
Their  arrangement  in  the  pit  and  also  the  arrangement  of 
the  piping  connections  for  filling  and  delivery  are  shown  in 
the  lower  drawing.  The  pit  is  situated  alongside  of  a  track 
to  permit  filling  direct  from  the  cars,  a  hose  connection  for 
use  with  the  tank  cars  being  arranged  in  the  special  track 
box  shown  in  the  engraving.  In  filling  the  oil  passes  through 
the  4-in.  pipe  from  the  track  and  through  a  large  strainer, 
from  which  it  can  be  delivered  into  either  tank.  By  means 
of  the  valves  and  connections  provided,  one  tank  may  still 
be  kept  delivering  oil  while  the  other  is  being  filled. 

The  tank  pit  Is  arranged  for  steam  heating  in  order  to  in- 
crease the  fluidity  of  the  oil,  the  location  of  the  radiator  being 
indicated  in  the  end   view  of  the  pit.     Steam   is  piped  from 
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the  large  main  supplying  the  steam  hammers  in  the  black- 
smith shop  and  runs  to  the  tank  pit  alongside  of  the  oil  deliv- 
ery pipes,  tending  thus  to  keep  the  oil  heated  in  delivery.  A 
Steam  trap  removes  condensation  from  the  radiator  as  it  accu- 
mulates in  heating. 

The  oil  is  forced  to  delivery  by  air  pressure  carried  in  the 
storage  tanks.  The  compressed  air  supply  is  taken  from  one 
of  the  receivers  in  the  shop  air  supply  system,  located  in  one 
corner  of  the  bolt  shop.  The  air  pressure  connections  to  the 
tanks  are  so  arranged  that  either  tank  may  be  cut  out  and 
relieved  for  filling  or  cleaning  and  the  other  left  on  delivery. 
Either  tank  is  safe  under  a  pressure  of  50  lbs.  per  square  inch 
and  each  has  a  large  pop  safety  valve  for  relieving  an  excess 
of  pressure. 

By  means  of  this  system  of  fuel  supply  no  oil  is  stored  at 


the  furnaces,  only  the  oil  and  air  delivery  pipes  appearing 
above  the  floor  near  any  of  the  furnaces.  And  furthermore 
each  separate  group  of  furnaces  has  an  independent  air  supply, 
furnished  by  a  motor-driven  pressure-blower  outfit,  as  the 
Ferguson  furnaces  which  are  used  require  a  blast  of  about 
8  ozs.  pressure.  There  are  seven  blower  outfits,  distributed 
as  follows:  One  each  for  the  bulldozers,  scrap  forging,  the 
spring  shop,  the  bolt  shop,  the  Iwiler  shop,  the  flue  and  tin 
shop  and  the  case-hardening  furnace.  Tne  latter  furnace 
is  supplied  exclusively  by  a  single  blower  outfit,  using  a  posi- 
tive blow^er  and  a  multiple-voltage  motor  so  that  it  can  be 
run  all  night  at  a  low  blast.  The  advantage  of  operating  inde- 
pendent blower  outfits  lies  in  the  fact  that,  while  not  only  the 
cheapest  and  most  convenient  arrangement,  it  avoids  running 
one  large  blower  all  the  time  at  a  low  eflaciency,  unless  all 
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VIEW    OF    THE    FLUE    WELDINU    FURNACE    IN    PLACE. 
THE    OIL    FUKNACE.S. COLLI.NWOOI)     SHOPS. 


the  furnaces  are  in  use.  Also  it  would  have  been  very  difficult 
to  avoid  large  drops  of  pressure  if  a  single  blower  and  large 
delivery  system  had  been  used;  as  it  was,  great  care  had  to 
be  exercised  in  the  designs  of  the  various  small  blower  sys- 
tems to  avoid  reducing  the  velocities  of  flow  of  the  blast  by 
sharp  elbows  or  abrupt  turns. 


Oil  furnaces  for  flue  and 
general  blacksmith  and 
boiler  shop  use  offer  many 
advantages  over  those  us- 
ing other  fuel.  AVhen  first 
introduced      oil      was      so 


I'LA^'   AND  CROSS   SECTIONAL  VIEWS. 


cheap  as  to  cause  the  question  of 
economical  consumption  to  be  over- 
looked ;  the  result  was  a  lot  of  home- 
made furnaces  which,  wnile  operat- 
ing satisfactorily,  consume  from  60 
to  120  gals,  of  oil  in  doing  work  for 
which  30  to  35  gals,  would  be  suffi- 
cient under  correct  furnace  condi- 
tions. The  time  has  come  for  the 
careful  study  of  oil  furnaces  which 
has  been  given  to  this  part  of  the 
equipment  of  the  Collinwood  shops, 
where  a  complete  equipment  of  oil 
furnaces  has  been  installed  by  the 
Railway  Materials  Company,  of 
Chicago,  under  the  personal  direc- 
tion of  Mr,  G.  L,  Bourne,  of  that 
company.  These  are  the  Ferguson 
furnaces,  the  theory  of  the  burner 
of  which  was  outlined  on  page  363 
of  the  December  number  of  this 
journal  of  last  year. 

The  list  of  this  equipment  at  Col- 
linwood is  as  follows: 

Bolt  shop: 
5  Bolt  furnaces. 


\IEW    .\.Nl>  .SECTIONAL  PL.\N   AND  ELEVATION   OF  THE  MEDIUM-SIZED     lOROI.NCi    FURNACE. 
THE    OIL    FURNACES. COLLINWOOD    SHOPS. 
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this  equipment  is  worthy  of  record  as  an  example  of  excellent 
practice,  not  only  in  the  furnaces,  hut  their  installation  and 
in  the  oil  storage  and  distriljution  system. 

In  large  furnaces  utrtial  practice  employs  brick  construction 
with  heavy  bucltstays  to  hold  the  structure  together,  and 
usually  the  door  casting  completes  the  metal  parts.  It  an  oil 
furnace  of  this  kind  is  changed  to  burn  coal,  very  little  of  the 
original  investment  remains.  The  Ferguson  built  up  furnaces 
are  in  two  parts,  the  brick  furnace,  or  the  lining,  and  the 
outer  casing  of  cast  iron,  which  is  independent  of  the  lining 
and  put  up  in  panels  for  easy  enlargement  or  conversion  for 
coal  burning. 

The  flue  welding  furnace  is  illustrated  on  page  33G.  Its 
capacity  is  limited  only  by  the  ability  of  the  attendant  in  hand- 
ling the  flues.  The  chief  advantage  offered  by  oil  in  this  con- 
nection, in  addition  to  the  uniform  and  satisfactory  high  tem- 
perature, is  the  steadiness  with  which  it  is  maintained  and 
the  saving  of  time  lost  in  building  and  frequently  cleaning  a 
coke  fire.  Three  of  these  furnaces  are  employed  at  Collinwood 
for  flue  welding,  safe-ending  and  annealing. 

Below,  on  page  336,  the  medium-sized  forging  furnace  is  illus- 
trated. T'wo  of  these  are  used  in  the  blacksmith  shop,  one  for 
serving  the  heavy  upsetting  machine  and  the  other  for  the 
Bradley  hammer.  One  of  them  is  bricked  up  to  hold  two  cruci- 
bles for  melting  babbitt  and  the  other  is  arranged  to  receive 
injector  and  other  pipes  for  bending.  They  may  be  used  from 
both  sides  or  long  material  may  be  run  directly  through  the 


PI..\N    AXr)   .SECTIONAL   ELEVATION   OF   THE   LAHOE  FORGING   FURNACE. 


Spring  shop: 
1  Fitting  furnace. 
1  Spring     tapering     fur- 
nace. 

1  Banding  furnace. 

Blacksmith  shop: 

2  I^'orging  furnaces    (for 

heavy   work). 

2  Forging  turnac -s  (for 

bulldozer   worM. 
1  Large      bolt      furnace 
(for  bolt  header). 

Boiler  shop: 

3  Flue   furnaces. 

1   Flanging  furnace. 

1  Rivet  furnace. 

1  Annealing  furnace. 

Tin  shop: 
1  Pipe  furnace. 
1  Pipe  and   brazing   fur- 
nace. 


THE    LAUGE    FORGING    FLUNAOE.    .SEKVl-M^    TUK    HEAVY    IIA.MMET!      IN    THE    SMITH    .SHOP. 


Total — 21  furnaces. 

This  equipment  is  designed  on  the  basis  of  heating  all  the 
material  which  the  attendants  can  handle  and  the  machines 
can  use.  In  the  case  of  the  flue  furnace.  GO  flues  per  hour  are 
heated  to  a  welding  heat  all  day  long  on  a  daily  consumption 
of  25  gals,  of  oil.  The  bolt  furnace  heats  the  material  fast 
enough  to  turn  out  4.500  1-in.  bolts  per  day  on  a  consumption 
of  30  gals,  of  oil.  Some  of  the  large  furnaces  at  Collinwood 
were   specially   designed    for   the   installation,    and    altogether 


furnaces.     They   are   very   efficient   for   either   end   or   center 
heats. 

Another  design  selected  for  illustration  is  the  large  forging 
furnace  for  serving  the  heavy  hammer  in  the  blacksmith  shop. 
If  is  shown  on  this  page.  The  object  in  this  design  was  to 
s?cure  the  maximum  heating  space  with  the  minimum  floor 
space.  No  stacks  or  vents  are  provided,  the  whole  heat  being 
available  for  the  material. 
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PLAN   AND  SECTIONAL  ELEVATION   OF  THE   ANNEALING   AND 
FLANGING    FURNACE. 


The  large  annealiug  and  flange  furnace,  which  is  shown 
in  detail  on  this  page,  is  located  in  the  boiler  shop  and 
occupies  about  half  the  floor  space  required  by  a  coal  or  coke 
furnace.  This  renders  it  possible  to  place  the  furnace  favor- 
ably with  reference  to  the  work  and  the  easy  control  and  uni- 
formity of  the  temperature  undoubtedly  contributes  to  satisfac- 
tory work  and  avoids  the  danger  of  flue  bents  and  cracked  sheets. 

As  a  supplement  to  this  description  the  following  comparative 
figures  are  given  on  work  by  oil  and  coke  furnaces  with  coke  at 
18.80  per  ton  and  oil  at  the  high  price  of  7.68  cents  per  gallon: 

HOLT    MACHINES. 

Present  furnaces  use  700  lbs.  of  coke  per  day  at  $8.80  per  ton.  .  .    $3.08 

Heater  per  day   1 .  25 

Machine  man    1 .  70 

Total     $6.03 

Output   per  day   per  machine,  2,000    bolts ;  or  a   cost   of   1,000    bolts. 
$3.01%. 
With  oil  furnaces  30  U.  S.  gals,  of  oil  per  day  ased  at  7.68  cents. .    $2.30 

Heater  per  day 1.25 

Machine   man 1 .  70 

Total     $5 .  25 

Output  4,000  bolts  per  day  or  cost  per  1,000  bolts,  $1.31. 

NUT  MACHINES. 

Present  furnaces  use  1.200  lbs.  coke  per  day  at  $8.80  per  ton.  ...    $5.28 

Heater   per  day    1 .  30 

Machine  man    1 ,  70 

Total     $8 .  28 

Output  per  day  2,000  lbs.  nuts;  cost  per  1,000  lbs.  of  nuts.  $4.14. 
With  oil  furnace  50  U.  S.  gals,  of  oil  to  be  consumed  at  7.G8  cents 

per  gal $3.94 

Heater   per  day    1.30 

Machine  man    1.70 

Total     $6.94 

Output  per  day  3,000  lbs.  or  cost  per  1,000  lbs.  nuts,  $2.31. 

FLUE  WELDEE. 

Present  furnaces  use  400  lbs.  coke  at  $8.80  per  ton $1.70 

Heater   per  day    1 .  30 

Machine   man    1 . 50 

Total $4.56 

Output  per  day  100  flues  or  cost  per  100  flues,  $4.56. 

An  oil  furnace  u.ses  25  U.  S.  gals,  of  oil  at  7.68  cents $1.92 

Heater,  same  as  above    2 .  80 

Total     $4.72 

Output  per  day,  GOO  fines,  or  cost  per  100  flues  not  quite  80  cents. 

SOAPSUDS  IN  AIR  COMPRESSORS. 


THE   LAKOE   ANNEALING   AND    FLANOINO    FLK.X  i.  ,      l  ^     lUE   BOILEK    SHOP. 
THE    on.    FUBNAOES. — COLLINWOOD    SHOPS. 


In    discussing    accidents    to   air    compressors 
due   to    combustion    within    them.    Compressed 
Air,  referring  to  lubrication,  says:    "A  drop  of 
oil   every  five  minutes   is   sutficient   in   an   air 
compressor  cylinder  of  ordinary  size,  and  every 
engineer   should   feed   soapsuds   into   his  cylin- 
ders for  at  least  one  day  in  the  week,  in  order 
to  wash  away  any  deposit  which  may  have  ac- 
cumulated     through 
the  use  of  oil  which 
has    been    acted    on 
by    high    tempera- 
tures     in     the     air. 
These  soapsuds  may 
he    fed    through    the 
legular  oil  cup.    Care 
should     be     taken, 
however,    not   to    let 
the  machine  lie  idle 
with    soapsuds    re- 
maining   in    it — that 
is,      shortly      before 
quitting     time     t  h  e 
feeding    of    soapsuds 
should      be     stopped 
and  oil  feeding  sub- 
stituted."   This  is  of 
importance,    particu- 
larly with  high  pres- 
sures.     It    will    also 
assist     in     reducing 
wear  in  cylinders. 
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THE 


SHEEDY  CIRCULATING    PIPE  FOR   LOCOMOTIVE 
CYLINDERS. 


This  device  has  been  in  use  nearly  two  years  on  the  South- 
ern Pacific  with  satisfactory  results.  Its  purpose  will  be  un- 
derstood through  a  description  of  its  operation.  When  the 
throttle  is  open,  steam  enters  the  small  pipe  in  the  branch 
pipe  at  A,  Fig.  2,  passes  through  the  connecting  pipes  and 
seats  the  valve  C  by  means  of  the  piston  in  the  cylinder  B. 
When  the  throttle  is  closed  the  check  valve  C  closes  and  the 
press\ire  in  B  leaks  off  through  a  small  hole  in  the  check 
valve.  The  valves  C  are  opened  by  the  springs  in  the  cylinder 
B  and  the  circulating  pipe  is  open  from  one  end  of  the  cylinder 


The  compression  Is  often  a  serious  matter,  not  only  because 
of  the  shocks  to  the  machinery,  but  because  of  causing  flat 
spots  in  the  tires.  Indicator  cards  do  not  give  a  measure  of 
the  shocks  because  much  of  the  energy  of  compression  la  ab- 
sorbed in  retarding  the  reciprocating  parts,  and  It  is  only  by 
combining  the  inertia  effect  at  the  different  points  of  the 
stroke  with  the  cylinder  pressure  at  those  points  that  the  true 
action  of  the  compression  can  be  obtained.  If  an  Indicator  is 
used  on  a  piston  valve  engine  drifting  at  40  or  4.5  miles  an 
hour  the  compression  will  make  it  "pound"  so  that  it  will  not 
record  positively.  This  indicates  that  something  is  going  on 
In  the  cylinder  in  the  way  of  sudden  shocks. 
The  indicator  cards  of  Fig.  4  from  the  low  pressure  cylinder 


FIG.    1. — VIEW   OF   THE   CIRCUI-ATrNG    PIPE    APPLIED   TO    A    S0UTHER?f    PACIFIC    LOCOMOTIVE. 
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•SECTION-     SHOWING     ATTACHMENT    TO     CYLIXDEE. 


to  the  Other.  The  action  is  automatic  and  the  effect  is  the 
same  as  that  produced  by  the  "floating"  of  an  ordinary  slide 
valve  when  an  engine  is  drifting.  The  relief  valves  D  provide 
means  of  escape  of  water  in  the  cylinders  which  may  destroy 
the  cylinders,  break  the  crosshead,  or  bend  the  piston  rod,  of  a 
piston  valve  engine.  Fig.  3,  on  the  following  page,  illustrates 
an  improved  arrangement  of  the  valves. 

The  compression  of  air  when  drifting  is  greater  in  an  engine 
with  piston  valves  than  in  one  with  plain  valves  because  of  the 
smaller  clearance  spaces  and  the  inability  of  the  valves  to  lift. 


of  engine  No.  291S  illustrate  the  effect  of  the  Sheedy  circulat- 
ing pipe.  These  cards  were  taken  with  and  without  the  pipe 
in  action  and  comparisons  may  be  drawn  at  very  nearly  the 
same  speeds.  The  mean  of  all  the  cards  shows  a  relief  by 
action  of  the  circulating  pipe  of  29.4  per  cent  of  the  brake 
power  of  the  pistons  in  descending  grades.  A  notable  condi- 
tion in  the  Sheedy  device  is  the  absence  of  shock  of  compres- 
sion at  the  end  of  the  stroke  and  the  braking  effect  is  shown 
to  be  a  steady  resistance  when  the  reverse  lever  is  at  full 
stroke.    The  advantage  of  the  braking  effect  of  the  cylinders  on 
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27      Speed, M-P.H 28 

6.0  Mean  brake  pressure 8.5 

153.0  Total  brake  H.  P.  on  piston 226.1 

32.3  percent,  brake  power  relieved. 

>i(fHjr~ 

A.11. 

29      Speed,  M.  P.  H 29 

6.6  Mean  brake  presB\ire „.?!;? 

17U.7  Total  brake  11.  P.  on  piston U7 .a 

27.3  per  cent,  brake  power  relieved. 

FIG.    4. 


descending  grades   is  acknowledged,   but   it   should   be   given 
without  shock  to  the  engine. 

The  accompanying  photograph,  Fig.  1.  shows  the  application 
of  the  device  to  one  of  a  number  of  simple  piston-valve  engines 
upon  this  road.  The  indicator  cards.  Fig.  5.  from  this  en- 
gine illustrate  the  effect  of  the  circulator.  This  engine  was 
taken  into  the  shop  for  repairs  after  18  months"  service,  and 
the  piston  valves  were  found  to  be  in  perfect  order  with  no 
Bign  of  wear.    Fig.  2  shows  the  application  of  the  low  pressure 


CARll   NO.    1. 


CARD   NO.    6. 


CARD  .NO.  1%. 


CARD  NO.   6%. 


No.  Card 1  IH           C 

Cut  ort— position  of  lever H'  lu  '2- 

Speed-M.  1\  H «1  ••1  4"    „ 

Mean  brake  pressure  on  piston,  lbs .').77       7.'.'  4.5i 

Total  brake  power-H.  P WO  12li  SU 

Per  cent,  relieved  l)y  pipe 'il  a'2 

Terminal  uouiprcssion  abov*  atmosphere 10  tin            2 

Per  cent,  relieved  by  pipe 80  . .  86 

!2  Inch  Cut  Of  Winch  Cut  Off 


en 

2t 

42 
9.S2 
170 

is 


Speed  41  Milei  par  Hour  Speed  44  Miles  per  Hour 

.STEAli    CHE.ST   CARDS    WITH    PIPE   CUT   OUT SHOWING    PEESSUBE   IN 

STEAM     CHEST    WITH    THESE    CUT-OrFS. 
FIG.    B. 

cylinder  of  the  compound  engine  No.  2474.    Mr.  Small  sums  up 
the  advantages  as  follows: 

The  device  is  absolutely  automatic,  the  valves  are  bound 
to  close  when  the  throttle  is  opened  and  are  sure  to  open  when 
It  is  closed.  Its  application  to  a  simple  engine  brings  the  com- 
pression line  just  where  it  is  wanted.  In  the  case  of  engln* 
No.  2279  it  takes  off  83  per  cent  at  the  point  of  terminal 
compression  and  leaves  enough  to  steady  the  reciprocating 
parts  when  the  engine  is  drifting  at  high  speed.  The  circu- 
lator keeps  the  temperature  of  the  air  in  the  cyllnciers  nor- 
mal. It  is  not  chilled,  as  in  the  case  of  valves  opening  to 
the  atmosphere,  and  it  is  not  heated  hot  enough  to  melt  the 
rod  packing  rings  and  destroy  the  lubricating  oil,  which 
has  occurred.  This  arrangement  on  either  a  single  expansion 
engine  or  on  the  large  cylinder  of  a  compound  engine  prevents 
drawing  gases  through  the  exhaust  nozzle  to  relieye  vacuum, 
taking  in  cinders  and  destroying  the  lubrication  and  piston 
packing,  and  it  also  avoids  the  undesirable  draft  on  the  fire 
In  drifting.  With  this  draft  the  grates  must  be  kept  covered, 
even  if  the  pops  are  blowing,  in  order  to  protect  the  firebox 
from  injury.     The  problem  of  relieving  cylinders  from  water 


1 
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Connection  to  Cylinder 
FIG.    3. — DETAILS    OF   RELIEF    VALVE. 

has  given  serious  trouble  on  this  road  when  the  boilers  are 
inclined  to  prime. 

This  device  is  protected  by  patent  issued  to  Messrs.  P. 
Sheedy  and  A.  Campbell.  The  drawings  and  information  were 
supplied  by  Mr.  H.  J.  Small,  general  superintendent  of  motive 
power  of  the  Southern  Pacific  Company. 


MOTOR-DRIVEN    MACHINE   TOOLS. 


Recent  Practice  in  the  Application   of  Electric  Drivi«  to 
Drilling  Machinery. 


Important  developments  have,  of  late,  been  made  in  methods 
of  applying  electric-driving  to  drilling  machinery,  as  well  as  to 
other  classes  of  machine  tools.  The  importance  of  having 
available  at  all  times  at  the  drill  the  ready  and  ample  power 
supply,   inherent   in   the   motor   drive,   to   enable  the   greatest 


BET.TED  CONSTANT-SPEED   BKVEBSTHLE  DRIVE   UPON   A.   48-IN.   UPRIGHT 
DBHX  PEESS. — QODtD  &  EBKBHABDT. 
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capacity  of  the  tool  to  be  reached,  is  being  comprehended  by 
the  users  of  machine  tools  as  well  as  the  builders.  Electric 
driving  has  been  a  strong  factor  in  rendering  the  greatly  in- 
creased production  possible  with  drilling  machinery.  We  are 
permitted  to  present  herewith  illustrations  of  several  repre- 
sentative methods  of  arranging  motor-drives  for  this  class  of 
tools. 

An  interesting  drive  is  presented  in  the  engraving  on  page 
340,  which  illustrates  the  48-in.  patent-upright  drill  press,  with 
a  constant-speed  electric  drive,  which  Gould  &  Eberhardt,  New- 
ark,  N.  J.,  recently  furnished  to  the  Norfolk  Navy  Yard.  This 
tool  is  in  itself  very  complete  and  general  in  its  adaptability 
to  all  classes  of  work,  having  a  special  oblong,  compound- 
traverse  tapping  table  and  portable  compound  chuck,  and  also 
an  automatic  tapping  attachment.  It  is  fitted  witli  the  many 
improvements,  including  automatic  friction  feeds  and  time- 
saving  reflnements,  that  characterize  the  Gould  &  Eberhardt 
drills,  and  also  has  a  back  brace. 

The  important  feature  of  this  tool  is  arrangement  of  the 
drive.  The  motor,  which  is  an  enclosed  constant-speed,  direct- 
current  machine,  is  located  under  the  forked  brace,  on  an  ex- 
tension of  the  base,  with  the  main  switch  and  starting  box  lo- 
cated conveniently  near.  It  drives  the  small  countershaft 
above  it  either  through  a  direct  belt  for  forward  motion,  or 
through  a  geared  pulley  and  direct  belt  for  reverse  motion,  as 
is  clearly  shown  in  the  engraving.  Both  of  these  belts  operate 
with  the  motor,  either  one  being  thrown  in  action  at  will  by  the 
friction  clutch  having  a  handle  extending  out  over  the  table. 
This  arrangement  is  very  commendable,  as  it  obviates  the 
necessity  of  using  crossed-belts,  with  their  attendant  disad- 
vantages, for  the  reverse  motion.  It  is  a  very  convenient 
method  of  driving  with  a  constant-speed  motor  also,  as  the 
friction-clutch  drive  enables  the  drill  spindle  to  be  started  anci 
stopped  instantly  without  waiting  for  the  motor  to  come  to 
rest. 

The  two  engravings  presented  upon  this  page  illustrate  the 


I)IKKCT-<IE.\RED  DRIVE  UPON  A  6-FT.  FULL  UNIVERS.VL  RADIAL  DRILL. — Ki 
MACHINE   TOOL    COMPANY. 
GENERAL    ELECTBIO    VABLiBLE-SPiaa)    MOTOR    BT    FIELD    CONTROL, 


CONSTANT-SPEED    DRI\'E    UPON    A    DRILL    PRESS. — FOSUICK     MACHINE 
TOOL   COMPANT. 

methods  of  mounting  both  variable-speed  and  constant-speed 
drives,  which  have  successfully  been  made  use  of  by  the  Fos- 
dick  Machine  Tool  Company,  Cincinnati,  Ohio.  These  exam- 
ples will  take  their  place  as  the  best  practice  in  motor  applica- 
tions to  this  class  of  tools,  the  variable-speed  drive  being  espe- 
cially commendable. 

The  larger  engraving  represents  a  6-ft.  full-universal  Fos- 
diclc  radial  which  has  been  adapted  for  a  variable-speed  motor 
drive.  The  result  is  an  exceedingly  neat  drive,  inasmuch  as 
the  use  of  all  cone  pulleys  and  belts  is  entirely  obviated;  it  not 
only  greatly  simplifies  the  construction  and  operation  of  the 
drill,  but  also  adds  greatly  to  its  general  appearance.  Cone 
pulleys  and  belts  are  rendered  unnecessary  by  the  use  of  the 
variable-speed  motor,  which  is  a  3-h.p.  General  Electric  multi- 
polar motor  operating  with  field  control. 

In  addition  to  the  range  of  speeds  provided  in  the  motor 
two  speed-changes  are  also  obtained  by 
means  of  two  gear  trains  adjacent  to  the 
motor  pinion.  Either  one  is  thrown  into 
action  by  a  friction  clutch  operated  by 
the  lever  shown  below  on  the  column. 
The  other  interesting  features  of  this  uni- 
versal drill  are  in  no  way  interfered  with, 
the  most  noticeable  effect  of  the  change 
being  the  absence  of  the  cone  pulleys  and 
belts  and  the  necessary  accompanying 
supports,  brackets,  belt  shifters,  etc. 

In  the  upper  engraving  is  shown  the 
method  used  by  the  Fosdick  Company  in 
applying  a  constant-speed  drive.  The 
machine  shown  is  one  of  the  4-ft.  plain 
Fosdick  radials,  which  has  been  equipped 
with  a  3-h.p.  constant-speed,  direct-cur- 
rent motor  built  by  the  Northern  EU.- 
trical  Manufacturing  Company,  Madison. 
Wis.  This  is  a  very  convenient  arrange- 
ment of  adapting  an  individual  drive  to 
an  existing  tool  without  changing  it 
greatly,  as  the  motor  may  easily  be 
mounted  to  drive  the  lower  cone  pulley 
through  a  conveniently  arranged  gear  re- 
duction. In  this  case  the  motor  is 
mounted  upon  an  extension  of  the  base 
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plate,   and   drives   the   lower   cone   shaft   through   bevel   gears 
within  the  column. 

At  the  left  is  illustrated  a  type  of  individual  drive  that 
was  recently  applied  to  a  6-ft.  plain  radial  drill  built  by  the 
Pond  Machine  Tool  Qompany,  Plainfleld,  N.  J.  Upon  this  ma- 
chine the  cone  pulleys  and  standard  belt  drive  to  the  arm  is 
retained  in  its  entirety;  in  addition  to  the  speed-range  thus 
afforded  a  variable-speed  motor  is  used,  from  which  combina- 
tion a  wide  range  of  speeds  are  available. 

The  motor,  which  is  a  3-h.p.  Lundell 
motor  at  1.000  revolutions  per  minute, 
is  mounted  upon  a  bracket  above  the 
upper  cone  pulley,  from  which  it 
drives  that  cone  shaft  by  a  Renold 
silent  chain.  The  balance  of  the  drive 
does  not  differ  from  that  on  the 
standard  radial.  The  speed  variation 
is  obtained  by  field  control,  the  hand 
controller  being  located  on  the  arm 
as  shown  above  the  man's  head;  a  flex- 
ible cable  effects  the  connections  be- 
tween the  controller  and  resistance 
bo.\  located  on  the  side  of  the  column. 
The  engraving  below  illustrates  an 
individual  drive  upon  a  large  horizon- 
tal-spindle drilling,  boring  and  milling 
machine,  which  indicates  an  excellent 
arrangement  for  applying  electric 
driving  to  a  large  tool.  This  tool  is 
the  No.  5  boring  machine,  with  9  x 
12-ft.  platen,  built  by  Beaman  &  Smith, 
Providence,  R.  I.,  one  of  which  was 
thus  equipped  for  the  new  shops  of  the 
United  States  Navy  Yard  at  Brooklyn, 
N.  Y.  The  motor  is  a  10-h.p.  constant- 
speed  direct-current  motor,  supplied 
by  the  General  Electric  Company. 

Only  a  limited  number  of  different 
speeds  are  available  from  belt  cone  and 
gear  changes  in  this  drive,  but  on  ac- 
count of  the  large  size  of  the  tool  and 
the  character  of  the  work  to  be  handled,  it  is  probable  that 
only   a  limited  speed   range   would  be  needed.     The   motor   is 
mounted  upon  a  bracket  located  in  place  of  the  driving  pulley, 
from   which   position  it  drives  direct  through  gearing. 


UNDISCOVORED    MERIT. 


c.EABED    IJUIVE    UPON    *    fABQE    IKItUZOKTAL    UKILLINO    AND    BORING     MACUI.NK 

SMITH. 


"I   have  been  some  time   in   this   world,   and   the   result  of 

my   experience   is   that   there   is   one   way   by   which    success 

may  be  obtained   with  ability.     In  all   my   lite   I   have  never 

known    an    instance    of    undiscovered    merit.      There    are    too 

many  seekers  to  allow  ability  to  remain 

hid.      If    you    possess    ability    and    were 

placed   in   a  diving  bell   and   lowered   to 

the  bottom 'of  the  sea,  expeditions  would 

be   fitted  out  to  discover  you  and  bring 

you  back. 

"No  matter  what  calling  you  embrace, 
if  you  have  ability  you  will  be  in  de- 
mand. If  a  lawyer,  think  how  many 
persons  there  are  in  trouble  who  would 
be  seeking  your  advice.  If  a  physi- 
cian, how  many  there  are  who  are  ill, 
who  would  want  your  services.  If  an 
architect,  how  many  who  desire  bet- 
ter houses  built.  I  have  heard  it  said 
that  a  young  man  needs  a  pull  to  get 
a  start.  Pay  no  attention  to  that. 
If  you  have  ability  you  will  win." — 
The  Hon.  W.  Bourke  Cockran,  in  an 
address  to  the  graduates  of  Manhattan 
College. 


-BEAMAN  & 
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THE  WELLMAN-STREET  STEEL   CAR. 


The  accompanying  illustration  shows  the  general  appear- 
ance of  a  new  design  of  steel  hopper  car  recently  built  hy  the 
Wellman-Seaver-Morgan  Engineering  Company,  of  Cleveland, 
Ohio,  vinder  patents  issued  to  S.  T.  Wellman  and  Clement  F. 
Street.  This  car  is  a  radical  and  interesting  departure  from 
the  designs  in  common  use.  The  object  was  to  reduce  the 
number  of  points  at  which  corrosion  will  be  likely  to  take 
place,  to  produce  a  car  which  shall  be  self-clearing  and  also 
one  which  can  be  repaired  at  a  low  cost. 

The  center  sills  consist  of  two  15-in.  channels  with  flanges 
turned  toward  the  center.  A  gusset  plate  is  riveted  to  the 
outside  of  each  channel  and  extends  from  one  center  plate  to 
the  other.  An  angle  iron  is  riveted  to  the  lower  edge  of  this 
gusset  plate,  forming  a  girder  27  ins.  deep  at  the  center,  and 
extending  from  truck  to  truck.  This  girder  is  designed  to 
have  ample  strength  for  carrying  the  entire  load  of  100,000 
lbs. 

It  will  be  noted  from  the  illustration  that  the  side  plates 
are  curved,  and  that  the  customary  form  of  side  sill  is  en- 
tirely eliminated.  The  result  of  this  curved  form  of  plate  is 
a  car  which  will  readily  clear.  A  careful  measurement  shows 
that  the  lineal  feet  of  joint  exposed  to  load  is  45  per  cent,  less 


the  car  close  to  the  door  opening.  This  construction  is  further 
sti'ffened  by  two  angles  extending  from  the  corner  o£  the  car 
back  to  tlie  body  bolster  near  its  junction  with  the  center 
sills.  As  most  of  the  damage  to  steel  cars  is  caused  by  corner 
blows,  this  gives  a  construction  which  can  be  easily  repaired. 
The  idea  is  that  under  a  corner  blow  the  only  parts  receiving 
damage  will  be  the  channels  and  angles  referred  to.  As  these 
are  commercial  shapes  they  can  be  readily  renewed,  or  If  not 
too  badly  damageil  they  may  be  straightened  and  replaced. 

This  car  was  placed  on  exhibition  at  the  recent  convention 
of  the  IVlaster  Car  Builders'  Asso<nation,  and  created  a  great 
deal  of  interest  among  the  railroad  officers.  The  criticisms 
indicated  a  general  feeling  that  this  car  presents  valual)le 
features  and  that  its  success  Is  assured.  The  sample  car  has 
gone  into  exceedingly  severe  service,  where  its  merits  will  be 
effectually  tested.  Further  information  may  be  had  from  Mr. 
Clement  F.  Street,  manager  of  the  railway  department  of  the 
Wellman-Seaver-Morgan  Engineering  Company,  Cleveland, 
Ohio. 


MoTOB  Speed  Control. — We  are  in  receipt  of  a  valuable 
treatise  upon  the  subject  of  speed  control  for  electric  motor.-s. 
which  has  been  reprinted  from  a  paper  entitled,  '•Methods  Ol 


THE    WELLMAN-STEEET    STEEL    CAB. 


WELLMAN-SEAVER-MORGAN  ENlilNEERING   COMPANY. 


than  in  the  customary  form  of  car.  The  manufacturers  claim 
that  as  corrosion  begins  at  these  points,  the  life  of  this  car 
will  be  very  much  longer  than  that  of  any  other  in  use.  The 
elimination  of  the  customary  form  of  side  sill  makes  a  ma- 
terial reduction  in  what  the  manufacturers  of  this  car  claim 
to  be  unnecessary  dead  weight,  and  this  weight  has  been  put 
in  the  plates  of  the  car  where  it  is  believed  to  be  more  effective. 
These  plates  are  5-16  in.  thick  instead  of  14  inch,  as  in  cus- 
tomary practice.  One  of  the  important  advantages  claimed  is 
the  large  area  of  door  openings.  This  is  56  sq.  ft.,  while  in 
most  steel  cars  it  is  only  from  20  to  25  sq.  ft.  This  very  large 
door  opening,  together  with  the  curved  form  of  plate  employed, 
contribute  to  the  clearing  of  the  load. 

The  ends  of  the  center  sills  of  this  car  are  tied  together  by 
a  heavy  steel  casting,  and  this  casting  serves  also  for  the 
central  portion  of  the  end  sills.  The  ends  of  the  end  sills 
are  formed  of  short  pieces  of  8-in.  channels,  securely  riveted 
to  the  steel  castings  referred  to  and  extending  to  the  sides  of 
the  car.  The  push  pole  socket  is  riveted  to  these  channels 
and  also  to  a  short  8-in.  channel,  which  extends  from  the  cor- 
ner of  the  car  to  a  heavy  steel  casting  riveted  to  the  side  of 


Speed  Control,"  read  by  Mr.  Wm.  Cooper,  before  the  American 
Institute  of  Electrical  Engineers.  It  is  an  important  paper, 
inasmuch  as  Mr.  Cooper  has  in  a  singularly  well-directed  man- 
ner so  chosen  his  remarks  as  to  make  clear  many  points 
which  are  the  least  understood,  or  those  concerning  which  the 
experts  upon  motor  driving  differ  in  opinion;  his  remarks  will 
be  appreciated  at  present  in  view-  of  the  prevailing  difference 
of  opinion  as  to  the  relative  advantages  of  direct  and  alter- 
nating current  for  electric  driving  equipments  for  shops.  Mr. 
Cooper  is  an  acknowledged  authority  upon  this  subject  and  is 
well  known  for  his  former  connection  during  the  past  eight 
years  with  the  Bullock  Electric  and  Manufacturing  Company. 
Cincinnati,  Ohio.  During  his  time  there  he  devoted  particu- 
lar attention  to  a  thorough  study  of  the  multiple  voltage  «>•«■- 
tern  of  motor  speed  control,  as  well  as  also  a  very  carefu; 
study  of  all  other  methods  of  speed  variation  for  electric 
motors.  All  interested  in  this  important  subject  cannot  fai' 
to  be  interested  in  the  attitude  that  Mr.  Cooper  takes  in  reg.»rd 
to  it,  and  we  recommend  his  works  to  their  attentio;v  Ws 
present  address,  as  consulting  mechanical  and  elecfrlcst  >  t^i- 
neer,  is  732  Union  Trust  Building,  CincvDoatl,  Oi  lo 
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NEW    DESIGN    OF    HYDROSTATIC    WHEEL    PRESS.         THE     DAKE 


Motor  Dbiven,   with   Special  Elevating   Mechanism   to   Ob- 
viate THE  Use  of  Cranes. 


The  engraving  presented  herewith  illustrates  a  novel  design 
of  wheel  press,  recently  built  for  the  Renovo  shops  of  the 
Penns.vlvania  Railroad,  by  the  Niles  Tool  Works  Company, 
Hamilton.  Ohio,  which  merits  attention  for  its  elevating 
mechanism,  whereby  the  entire  machine  may  be  raised  or  low- 


PNEUMATIC  AIR 
HOIST, 


MOTOR    AND    CHAIN 


The  accompanying  engravings  illustrate  the  design  of  this 
simple  and  very  effective  pneumatic  air  motor  for  general  rail- 
way shop  uses.  The  pneumatic  chain  hoist,  which  is  shown 
in  Fig.  1,  consists  of  a  Dake  reversing  air  motor  directly  con- 
nected to  an  ordinary  chain  block  of  a  standard  make.  Two 
pendant  hand  chains  control  the  motor  valve,  to  which  is  also 
attached  a  lever  to  operate  the  valve  stem  on  the  oil  cup,  giv- 


NEW  400-TOX  wheel  press,  with  special  elevating   MECHANIS-M. 
NILES   tool  works   COMPANY. 


FIG.     1. THE    DAKE    PNEUMATIC    CHAIN     HOIST. 


ered  to  permit  the  various  sizes  of  driving  wheels  to  be  rolled 
in  without  lifting.  This  design  originated  with  Mr.  H.  D.  Gor- 
don, formerly  master  mechanic  of  the  Juniata  shops  of  the 
Pennsylvania  Railroad,  the  special  purpose  of  the  design  being 
to  avoid  the  necessity  of  using  cranes  to  place  the  wheels  and 
axles  in  position. 

The  machine  is  driven  by  a  General  Electric  constant-speed, 
multipolar  motor  which  is  mounted  upon  a  neat  bracket  at  the 
rear  of  the  hydraulic  cylinder.  The  motor  drives  the  pumps 
through  a  gear  reduction,  and  also  there  is  a  bevel  gear  drive 
and  clutch  arrangement  by  which  it  may  operate  the  elevating 
mechanism.  The  elevating  mechanism  consists  of  an  elevating 
screw  at  each  end,  both  of  which  are  operated  together  by  a 
worm  on  the  long  interconnecting  shaft  below  the  bed.  The 
machine  is  guided  in  elevating  by  two  stands  bolted  to  the 
foundations,  carrying  heavy  guide-rods.  No  gears  for  operating 
the  elevating  screws  are  running  unless  the  machine  is  being 
elevated,  a  single  lever  being  used  to  throw  the  elevating 
mechanism  in  or  out  of  action. 

The  pump  is  double-acting,  has  two  sizes  of  plungers  and 
three  speeds  of  delivery,  and  one  or  all  of  which  are  under 
instant  control  by  trip-valves.  The  pressure-gauge  is  graduated 
for  tons  of  pressure  and  for  pounds  per  square  inch  on  the  ram. 
The  sliding-head  is  supported  by  rollers  running  on  planed 
ways  on  the  base,  and  is  held  in  position  by  large  steel  keys. 

The  maximum  distance  between  tie-bars  is  96  ins.,  while  that 
between  the  end  of  the  ram  and  sliding-head  is  8  ft.  8  ins. 
The  opening  in  the  head  for  axles  is  12  ins.  The  movable  por- 
tion of  the  machine  is  mounted  on  a  base-plate,  to  which,  how- 
ever, no  strains  are  transmitted  except  those  due  to  carrying 
the  weight  of  the  parts.  All  of  the  thrust  is  taken  by  the  tie- 
bars. 


ing  automatic  lubrication  to  the  motor  only  when  the  noist  is 
being  used.  The  worm  and  worm-wheel  are  of  steel  and 
I  hosphor  bronze,  and  are  enclosed   in  an  oil  tight  case.     All 


FIG.    2. — VIEW    SHOWING    APPLICATION    OF    THE    DAKE 
AIR   MOTOR  TO  A  HAND  CRANE. 

parts  of  the  hoist  are  of  sufBcient  strength  to  sustain  a  load 
of  twice  their  rated  capacity.  The  air  motor  used  with  this 
hoist  is  of  the  double  reciprocating  square-piston  type  of 
engine,  and  is  favorably  known  as  a  desirable  motor  for  direct 
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connection  work  where  it  is  desirable  to  use  a  small,  compact 
and  high-speed  motor. 

One  o£  the  many  useful  applications  of  the  Dake  air  motor 
is  shown  in  Fig.  2,  which  illustrates  a  hand  crane  that  has 
been  changed  to  a  power  crane  by  its  application.  The  con- 
venient form  of  this  motor  makes  it  a  very  desirable  power 
for  unloading  derricks  in  freight  repair 
yards,  for  railroad  turntables,  centrifugal 
pumps,  fans,  blowers  and  all  classes  of 
hoists.  The  Holland  Company,  77  Jackson 
Boulevard,  Chicago,  are  the  manufacturers 
of  this  interesting  device,  and  from  them  any 
desired  information  or  drawings  showing 
special  arrangements  of  the  hoist  or  any 
particular  uses  of  the  air  motor  can  be  had. 


AN    IMPROVED    J  5-INCH    LATHE. 


Sebastian   Lathe  Company. 


The   engraving  presented   herewith    is   a   view   of   the   new 
model  of  the  ir.-in.  swing  engine  lathe  of  the  Sebastian  Lathe 


COMPACT  VALVE   MODEL. 


A  very  ingenious  and  convenient  model 
for  the  study  of  locomotive  valve  motion,  de- 
veloped by  Mr.  F.  H.  Colvin,  is  illustrated  by 
this  engraving.  It  is  arranged  for  D  valves 
of  5,  G  and  7-in.  travels,  for  piston  valves 
with  both  inside  and  outside  admission,  for 
the  Vauclain  piston  valve  and  the  new  Wil- 
son balanced  slide  valve.  It  is  made  of  steel 
and  is  packed  in  a  box  14  x  18  ins.  When  in 
use  the  box  forms  a  base.  The  valve  move 
nienl  is  ingenious  and  so  arranged  that  ono 
person  can  make  adjustments,  move  the 
valve  and  study  the  movement,  without  the 
slightest  difficulty.  No  wrenches  are  re- 
quired, thumb  screws  being  provided  to  put 
it  together.  The  valves  and  seats  are  repre- 
sented upon  printed  cards,  which  are  secured 
in  position  by  buttons,  as  shown  in  the  engraving.  Motion  is 
obtained  for  th6  travel  of  the  valve  by  a  novel  arrangement  of 
slotted  plate  at  the  rear;  this  is  turned  by  handle,  A.  Tlie 
grailuated  disc,  D.  shows  always  at  a  glance  the  position  of 


A    >EW    DESIGN    OP   VALVE    MODEL. 

the  valve,  all  the  movements  being  always  in  plain  view.  These 
convenient  models  are  manufactured  by  the  Derry-Collard 
Company,  256  Broadway,  New  York,  from  whom  further  infor- 
mation may  be  obtained.  This  model  will  be  valuable  in  the 
drafting  room,  lodge  room  and  air-brake  instruction  car.  The 
valves  are  shown  full  size  and  the  model  represents  a  24-in. 
cyliuder  locomotive. 


THE  UIPKOVED  15-lN.   ENGINE  LATHE. — SEBASTIAN   LATHE  COMPANY. 


Company,  Cincinnati,  Ohio.  We  desire  to  call  the  attention  of 
of  our  readers  to  several  important  features  in  which  the 
Sebastian  lathe  has  of  late  been  improved,  bringing  it  en- 
tirely up  to  date  and  rendering  it  a  rapid  producer. 

As  may  be  noticed,  all  the  parts  appear  heavy  and  substan- 
tial for  a  lathe  of  this  size.  The  makers  state  that  the  live 
spindle  is  made  of  a  high  grade  of  special  steel,  the  bearings 
are  of  the  best  phosphor  bronze,  and  provision  is  made  for 
constant  lubrication.  The  carriage  is  of  an  improved  design, 
has  long  bearing  on  the  ways,  and  is  provided  with  ample 
lubricating  devices.  It  is  gibbed  to  the  bed  both  front  and 
back.  The  lathe  is  arranged  to  cut  either  right  or  left  hand 
threads,  or  feed  either  right  or  left.  It  has  both  screw  and 
rod  feeds,  as  well  as  power  cross  feed,  and  is  provided  with 
the  usual  number  of  extras,  including  steady  rest,  follower 
rest,  large  and  small  face  plates,  gears  to  cut  from  5  to  36 
threads,  and  a  friction  counter  shaft. 

SPECIFIC  ATIOXS. 

Swings  over  bed    15  ins. 

Swings  over  carriage S^^  ins. 

Length  of  bed    6  tt. 

Takes  between  centers    40  ins. 

Front  bearing 2  3-16  ins.  diameter  x  3V>   ins.  long 

Hole  through  spindle   1  5-16  ins. 

Weight    1.200  lbs. 

THE    CHICAGaPACIFIC    COAST    RECORD    BROKEN.; 

The  special  train  which  carried  Mr.  Henry  P.  Lowe  from 
Chicago  to  Los  Angeles,  Cal.,  left  Chicago  at  10.17  A.  M.,  Au- 
gust 8,  23  minutes  after  Mr.  Lowe's  arrival  from  New  York 
on  the  "Twentieth  Century  Limited."  The  train,  consisting  of 
tne  dining  car  "Rocliet,"  a  baggage  car  and  locomotive,  was 
given  right  of  way  to  Los  Angeles,  and  stopped  only  for  fuel 
and  water.  The  run  of  2,267  miles  was  made  in  52  hours,  49 
minutes,  an  average  of  42.8  miles  per  hour.  The  total  distance 
from  New  York  to  Los  Angeles,  3,246  miles,  was  made  in  73 
hours.  21  minutes,  thus  establishing  a  new  record. 


Tensile  tests  of  paper  made  on  the  government  testing  ma- 
chine at  the  Watertown  arsenal  showed  that  strong  blue  print 
paper  has  a  tensile  strength  of  9,700  lbs.  per  sq.  in.  and  65-lb. 
23  X  28  ins.,  linen  paper  has  over  9,000  lbs.  per  sq.  in. 
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A    NOVEL    AIR   OPERATED    FORGE. 


The  Chicago  Pneumatic  Tool  Company,  Fisher  Building, 
Chicago,  have  just  placed  upon  the  market  a  new  design  of 
portable  blacksmith  forge  which  is  intended  to  operate  by  com- 
pressed air.  It  differs  from  the  other  forges  built  by  this 
company  in  that  it  is  to  use  with  coal  or  coke,  instead  of  fuel 
oil;  fuel  oil  forges  are  also  a  specialty  of  the  Chicago  Pneu- 
matic Tool  Company. 

The  compressed  air  supply  for  the  air  forge  enters  through 
a  hose  and  a  %-in.  standard  pipe  connection;  it  passes  through 
a  1-16  needle  valve  jet,  forcing  the  fan  to  revolve  rapidly,  and 
as  ths  fan  is  open  to  the  outer  air.  a  blast  of  free  air  is  con- 
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IIV    COMl'RESSED    AIR. 


tinually  blown  through  the  tuyere.  This  method  of  using  air 
to  operate  the  fan,  in  addition  to  giving  excellent  results,  ef- 
fects a  considerable  saving  in  the  amount  of  air  consumption. 
This  forge  uses  either  coal  or  coke,  coke  giving  possibly 
the  best  results.  It  operates  with  an  air  pressure  of  from  GO 
to  100  lbs.,  and  consumes  approximately  from  .5  to  7  cu.  ft. 
of  free  air  per  minute..  The  fan  revolves  at  approximately 
4,000  r.p.m.  at  80  lbs.  pressure.  It  is  3  ft.  high  over  all  and 
the  pan,  or  firebox,  is  20  ins.  in  diameter  x  10  ins.  deep.  The 
forge  weighs  114  lbs.  complete. 


THE    NEW    WAUGH    SPRING    DRAFT    GEAR. 


The  new  Waugh  spring  draft  rigging  which  was  on  exhibi- 
tion at  the  recent  M.  C.  B.  convention  is  illustrated  in  the  ac- 
companying engravings  in  genera!  construction  and  in  action 
in  service.  The  construction  considered  in  detail  consists  of 
two  pocket  castings  of  steel,  recessed  1  in.  in  the  timbers  and 
having  flanged  projections  extending  along  the  inner  face  of 
the  draft  sill  and  bolted  through  the  timber  to  prevent  the 
timbers  from  splitting.  Two  lugs  are  cast  on  the  inner  face  of 
the  pocket  casting  on  which  slide  the  abutment  blocks,  D, 
which  are  provided  with  oblong  slots  to  fit  over  the  lugs  to 
allow  the  abutment  blocks,  D,  to  change  position,  as  the  fol- 
lowers travel  in  either  direction. 

The  caps,  E,  are  mounted  upon  the  lugs  to  hold  the  abutment 
blocks  in  position  and  also  to  center  the  coil  spring.  The  coil 
spring  is  a  standard  8-in.  x  614-ln.  double-coil  spring.  The 
plates  composing  the  followers  are  all  of  spring  steel,  J4-in. 
thick,  6  ins.  wide  and  12  ins.  long.  Groups  B  and  B'  are  the 
main  followers  and  are  each  composed  of  8  plates  of  the  above 
dimensions;    groups  A  and  A^  are  auxiliary  followers  and,  as 


shown,  are  each   composed  of  6  straight  plates  of  the  same 
dimensions. 

The  thimbles,  F  and  F,  are  inserted  in  either  end  of  the  coil 
spring,  the  inner  ends  of  which  come  in  contact  ^^-in.  before 
the  coil-spring  is  closed,  thus  preventing  the  coil-spring  from 
being  driven  solid.  Separating  each  auxiliary  group  of  fol- 
lowers from  the  main  group  is  a  separating  bloclc,  C,  which  is 
made  up  of  two  parts,  one  part  provided  with  lugs,  and  the 
other  with  corresponding  holes,  and  between  the  parts  is  a 
steel  plate  1-16  in.  thick,  of  the  same  length  and  width  as  the 
follower  plates,  simply  to  hold     block  C  in  the  center.     The 
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FIfi.   1. — DET.VII.S   OF  THE  WAXifill   DRAFT  GEAR,   SHOWING   ALL   I'ART.S 

AT  BEST. 

surface  of  block  C  in  contact  with  the  auxiliary  group  is  an 
oval  of  %-in.  curvature,  these  being  the  curvatures  taken  by  the 
auxiliary  and  main  groups  of  plates  when  the  coupler  has 
traveled  2%  ins.  in  either  direction. 

In  Fig.  1,  in  which  all  parts  are  shown  at  rest,  the  ends  of 
the  abutment  blocks,  D,  are  not  in  contact  with  the  auxiliary 
groups,  A  and  A\  and  the  opening  admits  of  the  coil  spring 
being  compressed  %-in.  before  pressure  is  exerted  on  the 
auxiliary  groups  through  the  abutment  blocks,  D. 

In  service  the  gear  has  three  distinct  grades  of  cushion: 
The  first  is,  when  the  coil  spring  has  been  compressed  %-in., 
the  backward  movement  of  auxiliary  group  A  will  slide  the 


FIG.  2.- 


-DIAGR.VM  SHOWING  DISPOSITION  OF  PARTS  WHEN  THE  COUP- 
LER HAS  REACHED  ITS  LIMIT  OF  TRAVEL. 


abutment  blocks,  D,  until  they  come  in  contact  with  the  auxil- 
iary group  A',  and  in  this  travel  about  7,000  lbs.  of  tire  capacity 
of  the  coil  spring  has  been  utilized.  In  the  second  action, 
the  coil  spring  has  been  compressed  IV4  in.  more,  and  each 
auxiliary  group  has  been  curved  %-in.,  but  in  opposite  direc- 
tions, by  the  abutment  block  D,  and  83,000  lbs.  of  the  blow  h^s 
been  absorbed  on  a  total  travel  of  1%  in.  It  may  be  seen  that 
the  bearing  shoulders  of  the  pocket  for  the  main  followers 
are  not  at  right  angles  to  the  wall  of  the  pocket,  but  diverge 
at  an  angle  which  will  allow  the  followers,  B',  to  be  curved 
%-in.  out  of  a  straight  line  before  taking  the  angle  of  the 
shoulder.  In  the  third  action,  which  is  shown  in  Fig.  2,  the 
thimbles  in  the  springs  are  in  contact  and  the  pressure  is  di- 
rected along  a  center  line  through  the  thimbles  F,  and  separat- 
ing blocks  C,  to  the  center  of  the  rear  followers,  B',  the  latter, 
when  curved  to  the  angle  of  the  shoulders,  making  a  total 
travel  of  2  ins.,  hnving  absorbed  a  blow  of  183,000  lbs.,  as  shown 
by  a  compression  test. 
When  the  coil  spring  has  been  compressed  until  the  abut- 
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ment  blocks  are  brought  in  contact  with  each  auxiliary  group, 
A  and  A',  from  that  point  to  the  limit  of  travel  of  the  coupler, 
the  force  of  the  blow  is  resisted  by  front  and  bacli  followers 
alike  and  in  opposite  directions  through  the  abutment  block,. 
O;  and  so  long  as  the  coupler  travels  there  is  a  resiliency  In 
the  spring  plates  and  the  draft  gears  or  timbers  do  not  receive 
a  solid  shock.  With  2'/s  ins.  travel  of  the  coupler,  only  one- 
third  to  two  thirds  of  the  elastic  limit  of  the  plates  has  been 
used.  The  adhesion  of  the  smooth  surfaces  of  the  steel  plates 
in  each  group  by  pressure  through  the  al)utment  block  to  curve 
them,   assisted    by   the   check  offered   by   the   abutment   block 
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FU;.    3. — RESISTANC?:   CURVES   OF   THE   WAUGH   DRAFT   GEAR. 

to  their  return  to  a  straight  position  until  the  coil  spring  is 
released,  prevents  the  recoil;  what  has  been  shown  of  the  action 
in  bufhng  shocks  is  true  under  tensile  strains.  Tests  made 
with  different  combinations  of  the  plates  show  resistances  of 
from  93.000  lbs.  to  125.000  lbs.;  16G.000  lbs.  to  183,600  lbs.,  and 
218,000  lbs.  in  2  ins.  of  travel. 

This  device  has  been  used  by  several  railroad  and  car  com- 
panies otf  high  capacity  cars,  giving  perfect  satisfaction,  and 
the  125,000  lbs.  capacity  has  been  adopted  by  some  railroads 
on  their  passenger  equipment.  The  gear,  which  was  patented 
by  Mr.  J.  M.  Waugh.  is  manufactured  and  sold  by  the  Waugh 
Draft  Gear  Co.,  Monadnock  Block,  Chicago. 

BOOKS  AND  PAMPHLETS 

Equipment  of  a  Railway  Shop.  A  Description  of  the  New  Loco- 
motive and  Car  Shops  of  the  Lake  Shore  &  Michigan  Southern 
Railway  at  Collinwood,  Ohio.  (Abstract  from  the  American 
Enuineer  and  Railway  Journal.  October,  1902,  to  June, 
lOO:-!.)  Bulletin  No.  3.5,  34  pages  in  pamphlet  form,  fully 
illustrated.      Issued  by  the  Crocker- Wheeler  Co.,  Ampere,  N.  J. 

The  above  is  the  title  of  an  interesting  pamphlet  which  was  re- 
cently issued  by  the  Crocker-'^Tieeler  Co.  in  an  attempt  to  set 
forth  the  important  features  of  the  large  motor-driving  equipment 
which  they  installed  at  the  Collinwood  shops,  A  complete  and  com- 
prehensive description  of  the  electric  generating  plant,  the  distri- 
bution system  and  the  motor  equipment  for  the  drives  is  pre.sented 
in  a  manner  that  cannot  fail  to  be  of  interest  to  all  who  are  con- 
cerned with  the  railroad  repair  shop  problem.  It  undoubtedly  con- 
stitutes the  most  complete  exposition  of  the  Crocker-Wheeler  system 
of  multiple-voltage  motor  speed  control  that  has  been  published.  In 
thi.<i  in.-itallation  the  Crocker-AATieeler  form  I  motor  predominates, 
and  numerous  illustration.s  are  presented  showing  various  applica- 
tions of  them  to  the  different  machine  tools.  Also  the  merits  of 
the  mixed  di.stribution  system,  comprising  four  wires  for  the 
variable-speed  motors  and  two  wires  for  the  constant-speed  motors 
and  lighting,  are  set  forth  very  clearly.  This  pamphlet  is  typo- 
graphically a  work  of  art ;  particular  attention  .should  be  called  to 
the  design  for  the  cover,  which  is  symbolic  of  the  advantages  of  the 
electrical  method  of  driving  shop  machinery.  It  should  be  in  the 
hands  of  everyone  interested  in  motor-driving. 


ever  space  is  available  the  pages  are  footed  with  terse  paragraphs 
directing  attention  to  the  advantagiw  of  technical  education.  Its 
object  is  to  bring  to  the  attention  of  the  men  of  alTalrs  of  the 
South  the  value  of  technical  Iruining.  Tlie  fact  that  this  is  the 
third  edition  speaks  for  the  reci^ption  given  by  tlie  public.  It  is  a 
very  convenient  little  book.  The  compiler  is  I'rof.  Charles  E. 
Ferris,  of  the  University  of  Tennessee. 

lOxperlments  on  the  Flexure  of  Reams,  Resulting  in  the  Discovery 
of  .New  Laws  of  Failure  by  Ruckling.  Ry  Albert  E.  Guy.  J'.KW. 
12L*  j/iiges.  1).  Van  Nostrand  Co.,  23  Murray  street,  New  Vork. 
I'ricc  If  1.2!). 

This  volume  is  a  reprint  of  a  .scries  of  articles  which  were  re- 
cently [jublishod  in  the  American  Mavhinixi.  Tlie  fir.st  portion  of 
the  book  is  devoted  to  a  discussion  of  the  beam  formula;  in  common 
use,  and  the  demonstration  of  thoir  iasufficiency  to  jirovide  for  the 
liuckling  tendency  of  the  compression  portion  of  the  beam.  The 
ri'mainder  of  the  work  is  given  ui>  to  the  descrijjtion  and  discussion 
of  the  tests  made  by  the  author  with  the  object  in  view  of  devising 
a  formula  !ipi)lical)l('  to  slender  beams.  Certain  laws  are  deduced 
and  their  similarity  to  the  Euler  column  formula  is  shown.  Alto- 
g<'ther  the  book  forms  an  interesting  and  valuable  addition  to  en- 
gineering literature,  and  should  lead  to  further  investigation  in 
this   hitherto  unstudied   field. 


The  American  Ste"|  Worker.  Ry  E.  R.  Markham.  343  l)ages. 
8vo.  Fully  illustrated.  VM)'.',.  Published  by  the  Derry- 
Collard  Comiiany,  2.")(i  Broadway,  New  York.       I'rice  $2.50. 

This  is  a  work  of  the  utmast  importance  to  all  mechanics  and 
shop  men..  The  author,  with  his  experience  of  twenty-seven  years 
with  the  firm  of  J.  II.  Williams  &  Co.,  Brooklyn,  N.  Y.,  well 
known  for  their  specialty  of  drop  forgings,  needs  no  introduction  to 
those  familiar  with  the  technical  press.  He  is  an  acknowledged 
authority  upon  all  subjects  relating  to  the  .selection,  annealing, 
working,  hardening  and  tempering  of  the  various  kinds  and  grades 
of  steel,  and  these  subjects  have  been  treated  exhaustively  by  him 
in  this  new  volume.  The  wording  is  unusually  clear  and  concise,  and  is 
in  plain  hmguage,  without  any  attempt  at  embellishment.  Actual 
cases  are  cited,  and  the  methods  of  treatment,  as  well  as  the  results, 
are  given  in  clear  language.  The  illustrations  are  numerous  and 
better  than  usually  found.  The  index  is  very  complete  and  affords 
a  ready  means  for  locating  any  information  it  contains.  While 
nothing  elaborate  has  been  attempted,  the  binding,  cover  and  general 
make-up  are  better  than  usually  found  in  technical  books,  and  will. 
we  believe,  be  appreciated  by  readers..  We  beg  to  call  attention  to 
the  fact  that  the  Derry-Collard  Company  will  send  a  copy  of  this 
book  anywhere  in  North  America  "on  approval,"  according  to  their 
method,  to  be  paid  for  or  returned  as  desired.  We  are  also  pleased 
to  note  that  purchasers  of  this  volume  are  entitled  to  write  and 
inquire  of  the  author,  Mr.  E.  R.  Markham,  care  of  the  Derry- 
Collard  Company,  regarding  any  case  of  heat  treatment  of  steel 
they  may  have  which  is  not  covered  in  tJie  book ;  this  will  prove  an 
important  feature  to  the  practical  reader  of  this  work,  by  whom  it  • 
will  be  appreciated. 


Manual  for  Engineers.     Published  by  the  University  of  Tennessee, 
Knoxville,  Tenn.     Third  edition.      Price  50  cents. 

This  is  a  little  vest-pocket  book  of  224  pages,  containing  tables 
and  data  convenient  for  use  of  engineers  and  draughtsmen.    Wher- 


Modern  Locomotive  Practice.  A  Treatise  on  the  Design,  Construc- 
tion and  Working  of  Steam  Locomotives.  Ry  C.  E.  Wolff. 
Illustrated  with  ir>0  engravings  and  8  folded  plates.  Published 
by  I).  Van  Nastrand  Company,  23  Murrav  street.  New  York 
1903.     Price,  $5.00. 

This  is  an  English  book,  by  an  English  author,  and  naturally 
is  written  from  the  standpoint  of  English  practice.  The  first  sub- 
ject is  train  resistance ;  the  next,  type  of  express  locomotives,  fol- 
lowed by  a  discussion  of  the  locomotive  as  a  carriage,  tracking 
and  track  construction.  The  other  subjects  are  boilers,  cylinders 
and  valves,  link  motions,  valve  gears,  connecting  rods,  crossheads 
and  slides,  crank  axles,  balancing  wheels,  brakes,  modern  locomo- 
tives and  compounds. 

Its  greatest  direct  value  is  to  English  readers,  but  others  will 
find  many  valuable  discussions.  In  the  absence  of  a  thoroughly 
good  and  "up-to-date"  treatise  on  the  locomotive,  any  work  on  the 
subject  is  welcomed,  but  to  attempt  to  properly  justify  this  title  in 
2(>5  pages  is  to  fall  short  of  what  is  so  greatly  needed.  The  book 
under  review  seems  to  deal  with  details  rather  than  general  princi- 
ples and  it  treats  only  a  few  of  the  important  details.  The  author 
should  be  encouraged  to  enlarge  his  work  to  four  or  five  tinu^s  its 
present  size  and  apply  Mr.  Forney "s  ideal  to  present  conditions. 

The  author  approaches  his  subject  from  the  standpoint  of  a 
student  of  mathematics,  and  while  such  treatment  looks  well  in 
print,  what  is  wanted  is  a  presentation  of  English  practice  which 
will  reveal  the  methods  of  the  designers  in  attacking  the  problem 
of  bringing  out  a  new  locomotive  to  meet  certain  definite  conditions 
of  train,  grade  and  schedule.  English  locomotives  are  beautiful 
mechanically  and  they  do  remarkable  work.  American  readers 
would  like  to  know  why  this  is  accomplished  with  such  relatively 
light  engines.    These  comments  are  not  oSered  in  a  spirit  of  fault- 
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"finding,  but  in  order  to  indicate  tlie  reviewer's  idea  of  the  oppor- 
tunity which  lies  before  him  who  knows  how  and  has  the  informa- 
tion necessary  to  write  a  bools  on  locomotive  practice.  It  is  not  a 
matter  of  constructive  detail  alone,  but  capacity  for  steam  making 
and  steam  using,  that  we  all  want  to  study.  The  book  gives  a  val- 
uable record  of  English  practice  but  is  not  sufficiently  complete. 

Massachusetts  Railroad  Commissioners'  Report,  1903.  This 
volume  of  700  pages  contains  the  annual  report  of  this  commission, 
including  observations  upon  the  extension  of  electric  railways, 
accidents,  rolling  stock,  etc.,  and  the  usual  voluminous  statistics  of 
the  roads  of  that  State,  including  the  street  railways. 

Grinding  and  Polishing  Machinery. — The  Webster  and  Perkes 
Tool  Company,  Springfield,  Ohio,  have  issued  a  pamphlet  descrip- 
tive of  their  self-oiling  bench  and  pedestal  grinders,  which  will  be 
of  interest  to  railroad  shop  men.  For  modern  self-oiling  and  dust- 
proof  construction  these  machines  are  highly  recommended,  .and 
merit  attention  from  prospective  purchasers. 


Otis  Elevators. — We  are  in  receipt  of  a  catalogue  from  the 
Chicago  office  of  the  Otis  Elevator  Company,  describing  the  ex- 
tensive line  of  passenger  and  freight  elevators,  both  electric  and 
hydraulic,  that  are  built  by  them.  The  success  which  the  Otis 
Company  is  meeting  in  the  line  of  electric  elevators  is  indicated  by 
the  fact  that  over  10,000  of  their  elevators  of  this  type  are  in  suc- 
cessful use.  The  catalogue  also  illustrates  sidewalk  hoists,  plunger 
elevators,  escalators,  etc. 

The  Rand  Drill  Company  are  calling  attention  to  the  magnitude 
of  their  exhibit  at  the  recent  Master  Mechanics'  and  Master  Car 
Builders'  conventions  at  Saratoga,  by  sending  out  a  large  illustrated 
card  which  presents  a  comprehensive  view  of  their  booth.  Working 
models  of  their  Imperial  steam-driven  compressor,  their  Imperial 
motor-driven  compressor,  their  Imperial  gas-engine  compressor  and 
their  Imperial  air  hammers,  piston  air  drills,  and  wood-boring 
machines,  were  shown  in  operation  in  the  same,  from  which  an 
idea  could  be  drawn  of  the  extensive  character  of  their  business. 


Multiple  Drills. — Tliis  is  the  title  of  a  large  9  x  12  catalogue  that 
has  recently  been  issued  by  the  Niles,  Bement,  Pond  Company,  of 
New  York,  relative  to  their  various  lines  of  multiple  drilling  ma- 
chinery, with  adjustable  spindles.  The  magnitude  of  the  produc- 
tion of  this  class  of  machine  tools  by  this  company  cannot  be  appre- 
ciated without  seeing  the  catalogue.  The  machines  illustrated 
therein  are  of  two  general  types — multiple  drills,  in  which  the 
spindles  are  adjustable  to  any  position  in  a  given  line,  and  adjust- 
able multi-spindle  drills,  in  which  the  spindles  may  be  arranged  in 
a  group  of  any  shape  or  size  within  the  capacity  of  the  machine. 
These  include  not  only  their  standard  heavy  multiple  drills  of  Niles 
and  Bement  designs,  adapted  to  railroad  and  general  work,  but 
also  several  machines  of  Pratt  &  Whitney  Company's  design,  spe- 
cially built  for  the  drilling  of  duplicate  parts  in  the  manufacture 
of  automobiles,   typewriters,  and  other  light  work. 

EQUIPMENT  AND  MANUFACTURING  NOTES. 

Mr.  W.  O.  Duntley,  vice-president  and  general  manager  of  the 
Chicago  Pneumatic  Tool  Company,  left  Chicago  recently  for  a  sev- 
eral weeks'  trip  to  the  Pacific  Coast  in  the  interest  of  his  company. 
He  states  that  business  in  the  pneumatic  tool  line  is  in  a  flourishing 
condition,  and  that  in  spite  of  the  usual  depression  incident  to  this 
season  the  various  plants  of  his  company  are  yet  working  increased 
forces  in  order  to  take  care  of  the  business  already  on  hand.  We  are 
also  informed  that  their  representative  on  the  Coast,  Mi-.  Henry 
Eugels,  located  at  91  Fremont  street.  San  Francisco,  has  lately  se- 
cured a  number  of  large  orders  for  pneumatic  equipment  for  a  num- 
ber of  Western  concerns,  including  a  number  of  the  Frauklin  air- 
rompressors  manufactured  by  the  Chicago  Pneumatic  Tool  Com- 
pany. 

The  Falls  Hollow  Staybolt  Company  have  opened  an  office  in  the 
Vandcrbilt  building,  13'2  Nassau  street.  New  York,  for  the  sale  of 
their  well-known  hollow  and  solid  staybolt  iron.  The  office  is  in 
charge  of  Mr.  Fred  F.  Bennett,  who  also  represents  C.  B.  Hutchins 
&  Sons,  Detroit,  Michigan,  manufacturers  of  freight  car  roofs  and 
roofing  materials.  Mr.  Bennett  is  well  known  to  the  railroad 
supply  trade  through  his  connection  with  the  railroad  press,  the 
American  Steel  Casting  Company  and  the  Chicago  Pneumatic  Tool 
Company. 

Portable  quarters  for  workmen  are  one  of  the  specialties  that  are 
handled  by  the  Walter  A.  Zelnicker  Supply  Company,  St.  Louis, 
Mo.     Quarters  that  can  be  easily  and  quickly  moved  as  work  pro- 


gresses, and  taken  from  one  field  of  operation  to  another,  will  be  of 
interest  to  contractors.  The  improved  sanitary  condition  resulting 
from  such  an  arrangement  is  also  a  decided  advantage.  The  Zel- 
nicker Company,  who  have  these  cars  for  sale,  state  that  they  can 
be  furnished  at  prices  as  reasonable  as  that  for  which  the  ordinary 
huts  can  be  built. 


We  are  informed  that  the  G.  Drouve  Co.,  of  Bridgeport,  Conn., 
are  receiving  many  contracts  for  the  installation  of  their  improved 
Lovell  window  and  shutter  operating  apparatus.  Among  their  re- 
cent insta-llations  may  be  mentioned  the  Union  Steam  Pump  Com- 
pany, Battle  Creek,  Mich. ;  Ansonia  Brass  and  Copper  Company, 
Ansonia,  Conn. ;  Cumberland  Electric  Light  and  Power  Company's 
power-house,  Nashville,  Tenn. ;  the  Union  Typewriter  Company's 
building,  Syracuse,  N.  Y. ;  and  the  Monessan  (Pa.)  plant  of  the 
Pittsburg  Steel  Company. 

The  United  States  Graphite  Company,  Saginaw,  Mich.,  sole 
miners  of  Mexican  graphite,  believe  their  No.  204  lubricating 
graphite  to  be  the  handiest  as  well  as  the  most  efficient  supply  of  its 
kind  for  use  in  the  engine-cab  or  roundhouse.  They  recommend  it 
for  use  dry  or  in  connection  with  oils  and  greases.  Firemen  will 
be  interested  to  know  that  this  product  is  also  urged  by  the  pro-, 
ducers  as  the  ideal  pigment  for  the  preparation  of  a  locomotive 
front-end  dressing — it  is  easily  prepared,  gives  a  fine,  glossy  finish, 
and  it  is  claimed  that  it  possesses  tmusual  virtue  for  withstanding 
the  trying  conditions  to  which  the  front  end  is  always  subjected. 
This  company  offers  to  send  free  on  request  a  quarter-pound  can 
sample  of  dry  lubricating  graphite  to  any  railroad  man  interested 
in  its  use. 


Pneumatic  Tool  Patents. — An  opinion  was  rendered  Monday, 
June  29,  by  Judge  Lacombe,  of  the  Circuit  Court  of  the  United 
States  for  the  Southern  District  of  New  York,  in  the  suit  of  the 
Chicago  Pneumatic  Tool  Company  against  the  Philadelphia  Pneu- 
matic Tool  Company  on  the  Moffett  Drill  Patent,  No.  309,120,  of 
August  30,  1887,  denying  the  motion  of  the  defendant  to  dissolve 
the  injunction  which  was  granted  against  them  some  time  ago, 
restraining  them  from  manufacturing,  selling  or  using  portable 
pneumatic  drills  in  infringement  of  rights  under  the  above- 
mentioned  patent.  This  decision  is  the  result  of  continued  efforts 
on  the  part  of  the  Philadelphia  company  to  escape  this  injunction 
and  is  most  full  and  complete  substantiation  of  the  claims  of  the 
Chicago  Pneumatic  Tool  Company. 

The  Westinghouse  Traction  Brake  Company  report  a  large  num- 
ber of  sales  of  street-car  air-brake  equipments.  Among  the  more 
recent  may  be  mentioned  the  following,  all  of  which  equipments  are 
provided  with  motor-driven  compressors : 

Seven  equipments  to  the  Wooster  &  Southbridge  Street  Railway 
Company. 

Eight  equipments  to  the  Concord  &  Manchester  Street  Railway 
Company. 

Twelve  equipments  to  the  Concord  Street  Railway  Company. 

One  equipment  to  the  Holland  Palace  Car  Company  for  use  on 
their  new  electric  railway  sleeping  car. 

The  following  is  a  list  of  some  of  the  roads  that  have  recently 
been  equipped  with  their  new  magnetic  brake  and  car-heating 
system. 

Pennsylvania  &  Mahoning  Valley  Railway  Company,  New  Castle, 
Pa. — Equipments  for  sixteen  cars. 

Morgantown  Electric  &  Traction  Company. — Equipments  for 
twelve  cars. 

Washington  &  Canonsburg  Railway  Company,  Washington,  Pa. — 
Equipments  for  fifteen  cars. 

Altoona  &  Logan  Valley  Electric  Railway  Company. — Equip- 
ments for  eight  ears. 


We  understand  that  the  Manhattan  Elevated  Railway  Com- 
pany, New  York  City,  has  drawn  up  plans  to  install  moving 
stairways  at  its  Thirty-third  street  and  Forty-second  street 
stations  for  both  the  uptown  and  the  downtown  platforms.  It 
is  believed  that  the  company  has  been  influenced  by  the  fact 
that  the  receipts  of  the  uptown  station  at  Sixth  avenue  and 
Twenty-third  street  have  increased  at  a  greater  ratio  than  at 
any  other  station  of  the  system  since  the  moving  stairway  was 
installed  there,  about  two  years  ago.  The  contract  between 
the  city  of  New  York  and  the  Subway  Construction  Company 
provides  that  where  station  platforms  are  more  jcnan  30  ft. 
helow  the  level  of  the  street,  mechanical  conveyances  must  be 
provided;  the  Subway  Company  has  accordingly  arranged  to 
Install  moving  stairways  at  several  of  its  stations. 
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RAILWAY    SHOPS. 


BY   B.    II.    SOULE. 


VI. 


The  Passenger  Car  Repair  Shoi>. 


(Including  the  Paint  Shop  and  the  transfer  Table.) 


Nearly  all  passenger  car  repair  shops  are  of  the  transverse 
type,  which  generally  admits  of  handling  each  car  in  and  out 
of  the  shop  as  a  unit,  although  a  few  such  transverse  shops  are 
made  wide  enough  to  talie  two  cars  to  each  track,  this  arrange- 
ment being  resorted  to  in  order  to  secure  compactness  of 
layout,  or  to  conform  to  some  local  condition  or  requirement. 
With  two  or  more  cars  to  the  stall  it  is  sure  to  happen  that 
an  unfinished  car  will  frequently  blocli  a  finished  car,  so  that 
the  capacity  and  output  of  the  shop  are  unfavorably  affected. 


anteed.  It  is  noticed  that  Montreal  and  ReadvUle,  two  new 
shops,  have  a  spread  of  24  ft.;  but  it  is  known  that  at  Mon- 
treal many  new  passenger  equipment  cars  are  to  be  built,  and 
construction  requires  more  room  than  repairs,  while  Read- 
ville  is  a  very  wide  shop  (225  ft.),  where  posts  to  support  the 
roof  are  a  necessity.  As  regards  span  (for  repair  shops j.  It  is 
evident  that  at  Omaha,  Burnside  and  Concord,  two  cars  can 
be  stood  on  each  track,  and  at  Readville  three,  but  for  shops 
to  stand  but  one  car  on  a  track  a  span  of  100  ft.  seems  liberal, 
although  the  proposed  new  shop  of  the  Atchison,  Topeka  & 
Santa  Fe  at  San  Bernardino,  Cal.,  is  to  be  110  ft.  In  advising 
a  span  of  about  100  ft.  it  is  assumed  that  space  is  thus  ob- 
tained for  car  bodies  and  bench  work  only,  the  trucks  being 
transferred  to  other  stalls  for  heavy  repairs,  and  moreover 
it  is  entirely  possible  that  the  evolution  of  shop  design  will 
justify  a  span  greater  than  100  ft.  and  permit  of  the  intro- 
duction of  an  internal  longitudinal  track  to  serve  all  the  stall 
tracks,  and  facilitate  the  handling  (by  push  trucks)  of  seats, 
backs,  sash  trimmings,  etc.,  between  the  different  sub-depart- 
ments. The  stalls  reserved  for  truck  work  should  be  equipped 
with  overhead  cranes  or  hoists,  as  modem  heavy  trucks  can- 
not be  economically  handled  without  them. 

In  the  case  of  the  paint  shop,  both  dimensions  may  be  cur- 
tailed, and  a  track  spread  of  18  ft.,  center  to  center,  appears 
to  be  sufiicient  and  has  been  adopted  in  the  large  and  modern 
paint  shops  at  Collinwood,  Burnside  and  Concord.  A  recent 
examination  of  a   large  new  shop  with  tracks  spread   20  ft.. 


-ESSENTIAL    DIMENSIONS    OF    TRANSVERSE    PASSENGER    REPAIR    SHOPS,    PAINT    SHOPS,    AND    TRANSFER 

(In  some  cases  the  figures  are  approximate  only.) 


-Repair  Shop  — 
Spread 


-Transfer  Table- 


Place. 


Railroad. 


Burlington,   Iowa C,   B.  &  Q. 

Chicago.  Ill C.  &  N.  W. 

Elizabethport.    N.   J C    K.  R.  of  N.  J, 

Collinwood,  Ohio   L.  S.  &  M.  S. 

Baring  Cross.  Ark M.    P. 

Montreal,  Can C.    P. 

Omaha.   Neb U.    P. 

Knoxville.  Tenn Southern. 

Burnside.  Ill I.  C. 

Concord.  N.  H »  .• B.  &   M. 

Bloomington.   Ill ^ C.   &   A. 

Topeka,  Kan A..   T.   &   S.   F. 

Morris  Park.  N.  Y L.  I. 

Readville,  Mass N.  Y..  N.  H.  &  H. 

San   Bernardino.   Cal A.,  T.   &   S.    P. 

Altoona,  Pa P.  R.  R. 


of  Stall 
Tracks 
C.  toC. 
(Feet.) 

22 

20 

20 

20 

22 

24 

22 

20 

20 

19 

21 

20 

18 

24 

22 


Span  of 

Gldg. 

(Feet). 

90 

80 
100 
100 
100 
100 
175 

90 
160 
170 

90 

90 

85 
225 
110 


Longitudinal  shop. 


From 

Shop 

to  Pit 

(Feet). 

50 

20 

50 

23 

70 

30 

85 
100 

80 

82 

17 

65 

15 

25 
100 


Width 
of  Pit 
(Feet). 

60 

60 

80 

75 

70 

75 

80 

60 

80 

70 

70 

65 

75 

75 

70 

60 


From 
Shop 
to  Pit 
(Feet). 

50 

20 

30 

16 

70 
100 

35 
100 

25 

82 

38 

15 

15 
100 

80 

80 


, — Paint 
Spread 
of  Stall 
Tracks 
C.  to  C. 
(Feet). 

22 

20 

20 

18 

22 

24 

23 

20 

18 

18 

21 

20 

18 

24 

22 

20 


Shop — , 


Span  of 

Bldg. 

(Feet). 

90 

•80 

150 

160 

100 

100 

175 

90 

160 

165 

90 

90 

85 

225 

90 

134 


With  only  a  single  car  to  the  stall,  maximum  output  may  be 
obtained,  but  for  a  shop  of  given  standing  capacity  the  build- 
ing must  be  longer  and  the  average  internal  distances  to  be 
traversed  by  men  must  be  greater.  It  is  believed,  however, 
that  the  single  stall  arrangement  is  generally  to  be  preferred. 
Of  the  very  few  longitudinal  shops  in  use,  examples  may  be 
found  at  Altoona,  Pa.  (P.  R.  R.),  McKee's  Rocks,  Pa.  (P.  & 
L.  E.)  and  elsewhere.  No  known  advantage  attaches  to  the 
use  of  the  longitudinal  shop  and  layout  conditions,  and  re- 
strictions alone  can  account  for  it.  Shops  of  the  roundhouse 
form  are  used  at  Columbus  Ohio  (Penna.  Lines),  Roanoke,  Va. 
(N.  &  W.)  and  Baltimore,  Md.  (B.  &  O.).  Those  at  Columbus 
and  Roanoke  were  built  as  freight  car  construction  shops  (for 
which  they  are  very  well  adapted),  and  are  only  incidentally 
used  for  passenger  car  repairs;  that  at  Baltimore,  it  is  be- 
lieved, is  an  old  engine  house,  which  was  abandoned  for  road 
work,  As  neither  the  longitudinal  nor  the  roundhouse  forms 
are  to  be  preferred  to  the  transverse  type  for  either  the  repair 
or  the  painting  of  passenger  equipment  cars,  only  the  trans- 
verse type  needs  to  be  considered. 

A  typical  and  prevalent  arrangement  of  passenger  repair 
and  paint  shops  places  the  two  buildings  on  opposite  sides  of 
an  intermediate  transfer  table  and  pit,  and  several  such  cases 
are  listed  in  Table  11.  Examinging  this  table,  it  appears  that 
in  general  20  ft.  center  to  center  is  a  sufficient  spread  for 
repair  shop  tracks,  especially  if  there  are  no  intermediate 
posts,  so  that  a  clear  working  space  between  tracks  is  guar- 


center  to  center,  shows  that  room  between  stall  tracks  is 
actually  wasted.  Similarly,  the  roof  span  may  be  reduced 
from  100  ft.  to  90  ft.  and  still  give  plenty  of  room  for  paint 
shop  work;  the  100-ft.  shops  at  Baring  Cross  and  Montreal 
are  luxurious.  Although  a  clear  span  of  roof  truss  without 
intermediate  supporting  posts  is  greatly  to  be  preferred  in  a 
repair  shop,  yet  the  roof  truss  may  be  cheapened  and  inter- 
mediate posts  used  to  positive  advantage  in  a  paint  shop, 
where  they  serve  a  useful  purpose  in  supporting  the  adjust- 
able trestles  with  which  every  modern  paint  shop  should  be 
equipped. 

A  height  of  about  20  ft.  from  floor  to  lower  chord  of  roof 
truss  is  ample  for  buildings  in  which  passenger  equipment 
cars  are  to  be  handled;  this  height  permits  of  the  use  of 
cranes  or  hoists  in  those  bays  of  the  repair  shop  where  trucks 
are  to  be  handled  and  turned. 

In  twenty  years  the  width  of  transfer  table  pits  (for  hand- 
ling passenger  equipment  cars)  has  increased  from  60  ft.  to 
SO  ft.,  the  latter  width  being  found  at  Elizabethport,  Omaha 
and  Burnside.  At  Elizabethport  the  pit  is  800  ft.  long  and 
covers  64,000  sq.  ft.  or  nearly  one  and  one-half  acres.  With 
such  large  pits  it  pays  to  equip  the  tables  with  large  and 
powerful  motors,  and  some  recent  installations  are  speeded 
to  run  at  400  ft.  per  minute  light,  and  200  loaded.  As  pas- 
senger equipment  cars  cannot  be  conveniently  handled  by 
cranes,  the  transfer  table  becomes  a  necessity,  although  it 
takes  up  a  great  deal  of  yard  room  and  stands  Idle  much  of 
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the  time.  It  is  often,  also,  an  obstruction  to  the  free  move- 
ment of  men  and  materials  between  adjacent  buildings,  and  it 
is  believed  that  this  objection  will  be  met  in  some  future  in- 
stallation's by  locating  the  pit  on  one  edge  of  the  property, 
with  buildings  on  one  side  of  it  only.  The  distances  between 
pit  and  adjacent  buildings  (as  shown  by  Table  11)  vary  from 
a  maximum  of  100  ft.  on  both  sides  at  Knoxville  to  a  minimum 
of  15  ft.  on  both  sides  at  Morris  Park.  The  old  idea  was  that 
in  case  of  fire  cars  would  be  shoved  out  into  the  space  between 
shop  and  pit;  but  experience  showed  that  this  was  seldom  or 
never  done.  Meantime,  the  development  of  fire  protection, 
with  brick  buildings,  concrete  floors,  fire  pumps,  electric  fire 
alarm  systems,  watchmen's  clocks,  division  walls  with  auto- 
matic sliding  doors,  etc.,  has  minimized  the  fire  risk.  At  the 
same  time  people  are  realizing  that  steps  saved  means  money 
saved,  and  the  present  tendency  is  to  bring  as  close  together 
as  circumstances  permit  all  such  buildings  as  constantly  ex- 
change business  with  one  another;  witness  Collinwood,  with 
distances  of  23  ft.  and  16  ft.  on  either  side  of  pit.  If  the  lay- 
out conditions  permitted,  an  ideal  arrangement  would  be  to 
reserve,  say,  40  ft.  on  repair  shop  side  (sufficient  for  doors 
and  a  pair  of  six-wheel  trucks)  and,  say,  15  ft.  on  paint  shop 
side  (sufflcient  for  doors  and  a  hand  truck) ;  with  an  80-ft. 
pit  this  would  mean  135  ft.  between  buildings,  which,  though 
a  minimum,  would  yet  be  a  considerable  distance  for  men  and 


TABLE    12. OUTPUT   OF    PASSENGER   CAR   REPAIR    SHOPS. 

(Repair  shops  and  paint  shops  considered  collectively.) 

Average  Total  Output  per  Month. 

Place.                                 Railroad.  No.  of  Cars.  

Under  Repairs.  Total.      Per  Stall. 

Bosron,    Mass B.  &  A.  40  35  0.88 

Morris  Park,  N.  Y.  .              L.  I.  38  43  1.13 

McKee's  Rocks,  Pa..        P.  &  L.  E.  5  7  1.40 

Milwaukee.  Wis C,  M.  &  St.  P.  24  20  0.83 

Aurora,   111 C.  B.  &  Q.  40  28  0.70 

Roanoke,   Va N.  &  W.  20  16  0.80 

Sedalia.  Mo M..  K.  &  T.  12  20  1.66 

Decatur.  Ill Wabash.  12  13  1.08 

Reading,   Pa P.   &.  R.  77  65  0.84 

Elizabethport,  N.  J..C.  R.  R.  of  N.  J.  40  60  1.50 

Detroit.   Mich M.    O.  22  20  0.91 

Bloomington.   Ill C.  &.   A.  20  29  1.45 

Green  Island,  N.  Y.  .           D.  &  H.  16  26  1.62 

:;hlcago,  III C.  R.  I.  &  P.  17  27  1.59 

Montreal,  Can G.    T.  17  25  1.47 

Portsmouth,  Va S.  A.  L.  13  16  1.23 

Brightwood.   Ind C,  C,  C.  &  St.  L.  18  13  0.72 

Concord,  N.  H B.  &  M.  28  38  1.36 

Albany.  N.  Y N.  Y.  C.  120  155  1.29 

Olwein.  Iowa C.  G.  W.  12  9  0.75 

Topeka.   Kan A.,  T.  &  S.  F.  30  42  1.40 

Mlddletown,  N.  Y...    N.  Y.,  O.  &  W.  10  16  1.60 

Baltimore.   Md B.   &  O.  46  69  1.50 

Burnslde,  111 I.  C.  55  61  1.11 

Collinwood,   Ohio..    .      L.  S.  &  M.  S.  41  75  1.34 

Springfield.  Mo St.  L.  &  S.  F.  20  15  0.75 


materials  to  overcome.  In  extreme  cases,  where  land  was 
scarce  or  costly,  the  distances  between  pit  and  buildings  could 
be  further  reduced,  and,  to  compensate  for  the  loss  of  external 
track  storage  space,  additional  intermediate  stub  tracks  could 
be  introduced;  this  has  been  done  in  several  instances.  In 
northern  latitudes  heavy  snowfalls  in  transfer  pits  must  be 
reckoned  with.  Three  courses  of  treatment  are  open:  The 
transfer  table  in  a  shallow  pit  may  be  equipped  with  snow- 
plows  or  scoops  and  be  kept  running  and  manned  during  each 
fall  of  .snow;  the  pit  may  be  made  very  deep  and  the  table 
shallow,  in  which  case  there  will  be  storage  space  for  a  large 
volume  of  snow;  and  lastly,  the  entire  pit  may  be  covered 
with  a  shed  roof.  Modern  practice  favors  the  use  of  shallow 
tables  with  several  rail  supports,  rather  than  deep  girders  with 
only  two  rail  supports,  which  latter  arrangement  forbids  the 
use  of  the  frequent  high-level  cross  footwalks  with  which 
every  transfer  table  pit  ought  to  be  equipped. 

A  wooden  flool'  is  most  desirable  for  the  repair  shop,  while  a 
concrete  floor,  surfaced  with  cement,  suits  paint  shop  condi- 
tions best;  this  permits  of  forming  gutters  just  outside  of  the 
track  rails,  by  which  car  washings  may  be  led  off  to  the 
sewer.  The  fan  system  of  hot-air  heating  is  best  adapted  for 
these  two  departments.  In  the  paint  shop  a  liberal  supply  of 
warm,  dry  air  judiciously  directed  will  curtail  the  period  of 


drying  and  increase  the  output  of  the  shop.  The  amount  of 
air  supplied  to  the  paint  shop  must  be  very  much  greater  than 
that  supplied  to  the  repair  shop.  The  temperature  of  the 
paint  shop  air  supply  may  also  be  considerably  higher,  both 
on  account  of  the  drying  problems  and  because  the  workmen' 
are  less  actively  employed  in  the  paint  shop  than  in  the' 
repair  shop.  These  facts  should  be  borne  in  mind  m  propor- 
tioning the  heating  apparatus. 

As  buildings  for  passenger  car  repairs  and  painting  are 
necessarily  broad,  low  structures,  the  conditions  for  day  light- 
ing from  above  are  favorable,  and  the  saw-tooth  form  of  roof 
construction  is  applicable  and  has  been  used  in  some  recent 
installations.  When,  however,  ordinary  skylights  are  used 
they  should  be  located,  to  produce  the  best  effects,  between 
tracks  rather  than  over  tracks,  although  the  latter  arrange- 
ment is  the  more  obvious  one  architecturally. 

The  upholstery  shop,  trimming  shop,  varnish  room  and 
storage  space  are  accessories  of  the  repair  and  paint  shop  de- 
partments concerning  which  there  is  no  uniformity  of  prac- 
tice, either  as  regards  the  amount  of  floor  space  reserved  per 
car  or  their  relative  arrangement  and  grouping.  On  listing 
some  twenty  shops  it  is  found  that  in  some  few  cases  these 
accessories  are  all  adjuncts  of  the  repair  shop,  in  a  few  others 
are  all  incorporated  with  the  paint  shop,  but  in  most  cases  are 
divided  between  the  two,  but  not  in  accordance  with  any  uni- 
formity of  practice.  When  considered  collectively  it  is  found 
that  the  floor  space  per  car  (including  both  cars  in  repair 
shop  and  cars  in  paint  shop)  averages  about  263  sq.  ft.,  which 
may  be  taken  as  indicating  that  250  sq.  ft.  will  answer  and 
275  sq.  ft.  will  be  liberal.  It  should  be  understood  that  the 
cabinet  shop  and  the  paint  storehouse  do  not  come  under  the 
head  of  accessories.  The  convenient  grouping  of  these  sub- 
departments  and  their  relation  to  the  repair  shop  and  the 
paint  shop  has  a  considerable  influence  on  the  output  of  the 
shop.  The  point  to  be  borne  in  mind  is  that  although  strip- 
pings  and  trimmings  may  be  removed  from  cars  in  either  the 
repair  shop  or  the  paint  shop,  they  are  almost  always  replaced 
in  the  paint  shop. 

Table  12  gives  the  output  of  a  number  of  passenger  car  re- 
pair plants.  The  work  of  repairs  and  repainting  is  often  car- 
ried on  simultaneously,  so  that,  ifi  treating  of  output  questions 
it  becomes  preferable  to  consider  the  two  subdivisions  col- 
lectively. It  is  not  proposed  to  examine  in  detail  into  the 
causes  which  result  in  such  wide  variations  of  output;  they 
are  many  and  complex  and  can  be  discovered  only  by  investi- 
gation on  the  ground,  but  it  is  a  fact  that  two  of  the  plants 
which  show  the  lowest  output  have  longitudinal  shops,  while 
all  of  those  which  show  both  a  large  total  and  a  large  unit 
output  have  transverse  shops;  it  Is  also  known  that  these 
latter  have  the  best  proportioned  and  arranged  accessories 
and  the  most  modern  and  effective  heating  arrangements. 
When  attention  is  focussed  on  the  problem  of  securing  max- 
imum output  from  a  given  plant  it  is  at  once  found  that  cars 
should  be  fed  into  the  shop  as  fast  as  finished  cars  are  taken 
out,  and  that  no  stall  should  be  allowed  to  stand  unoccupied. 
Examining  the  table,  it  is  evident,  however,  that  a  well  de- 
signed and  appointed  plant,  where  work  is  done  on  a  large 
scale,  ought  to  yield  an  output  of  at  least  1.50  cars  per  stall 
per  month,  meaning  by  a  stall  a  piece  of  track  which  is  actu- 
ally used  for  standing  cars  under  repairs;  space  for  truck  re- 
pairs and  caboose  work,  if  done  in  repair  shop,  and  for  tank 
work,  if  done  in  paint  shop,  should  be  extra.  The  cabinet 
shop  will  be  treated  under  a  separate  head,  and  it  is  unneces- 
sary to  say  that  its  equipment  and  arrangement,  and  its  loca- 
tion relatively  to  the  repair  shop,  have  a  large  share  of  influ- 
ence in  affecting  output. 

The  relative  number  of  cars  to  be  under  repair  shop  treat- 
ment and  paint  shop  treatment  at  the  same  time  is  somewhat 
uncertain,  but  it  is  believed  that,  in  general,  the  paint  shop 
should  stand  twice  as  many  cars  as  the  repair  shop,  or,  to 
put  it  in  another  way,  that  one-third  of  the  cars  should  stand 
in  the  repair  shop  and  two-thirds  in  the  paint  shop. 
(To  be  continued.) 
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NEW    PASSENGER    LOCOMOTIVES. 


I-AOll'IO  OB  4 — 6 — 2  TYPE. 


Chicago,  Rock  Island  and  Pacu'io  Railway. 


At  the  Brooks  works  of  the  American  Locomotive  Company 
new  locomotive.s  of  the  4 — C — 2  type  have  been  built  for  the 
Chicago,  Roik  Island  &  Pacific  Railway  and  arc  now  in  ser- 
vice. Mr.  M.  K.  Barnuni,  superintendent  of  motive  power, 
states  that  they  are  intended  to  haul  trains  of  eight  and  ten 
cars  on  a  1  per  cent,  grade  and  maintain  sppeds  o£  from  30 
to  35  miles  per  hour.  They  are  reported  to  be  satisfactory  in 
steaming    qualities    and    in    handling    heavy    trains    at    high 


PACIFIC    TYPE    PASSENGER   LOCOMOTIVE. 

BUILT  FOn  CHICAGO,  ROCK  ISLAND  ft  PACIFIC  BAILWAY   CO.MPANY. 

Oeneral  DImenslonn. 

Gauge 4  ft.  8  V4  Ins. 

Fuel    BItumloouH  coal 

Weight  In  working  order 162.800  lbs. 

Weight  071   drivers 130,000  lbs. 

Weight  engine  and  tender  In  working  order 145,000  IbH. 

Wheel  base,   driving 12  (t.  4  Idj. 

Wheel  base,  rigid 12  ft.  4  Ina. 

Wheel    base,    total 31  ft.  10  Ins. 

Wheel  base,  total,  engine  and  tender 58  ft.  9  ins. 

Cylinders. 

Diameter   of   cylinders 21  Inn. 

Stroke  of  piston 26  Ins. 

Horlzonlal   thickness  of  piston 7  Ins. 

Diameter  of  piston  rod..- 3%  Ins. 

Size  of  steam  ports 65  Ins. 

Size  of  exhaust  ports 1%  Ins.  x  25'/4  Ins. 

Size  of  bridges 3  Ins. 


■'\  fk 


pacific — 4 — 6 — 2    TYPE   passenger   locomotive — CHICAGO,    BOCK    ISLAND    &   PACIPIC    RAILWAY, 
M.    K.    BARNUM,    SUPERINTENDENT    MOTIVE    POWER    AMERICAN    LOCOMOTIVE    COMPANY,    BBOOKS    WORKS,    BUILDERS. 


speeds.  The  photograph  shows  at  a  glance  the  designer's 
successful  efforts  to  produce  an   attractive  appearance. 

This  design  employs  piston  valves  with  internal  admission 
and  very  short  valve  stems.  The  connections  to  the  stems  are 
made  by  links,  the  rockers  being  placed  in  front  of  the  guide 
yokes.  It  also  includes  the  Player  radial  trailing  truck,  which 
is  giving  excellent  results  under  many  wide  firebox  locomo- 
tives. In  connection  with  the  table  of  dimensions  it  will  be 
noted  that  the  main  driving  journals  are  9^/^  by  12  ins. 

At  the  front  water  leg  of  the  boiler  a  water  space  of  4  ins. 
is  provided  at  the  mud  ring,  and  this  enlarges  rapidly  above, 
to  secure  space  for  delivery  of  water  to  the  sides  of  the  firebox. 
The  tubes  are  2  ins.  in  diameter  and  spaced  at  a  pitch  of 
2  15-16  ins.  There  is  a  single  "hen  and  chickens"  fire  door  28 
ins.  wide. 

This  engine  has  air  brakes  on  the  trailing  wheels  as  well 
as  the  drivers.  A  comparison  of  a  number  of  designs  of  this 
type  of  passenger  locomotives  is  presented  in  the  following 
table: 

COMPARISON    OF    PACIFIC    TYPE    LOCOMOTIVES. 

Total  Heating  Tractive 

Road.  Weight.  Surface.  Effort. 

Chicago  &  Alton 219,000              4,078  31.600 

Chicago  &   Alton 217,300               4.078  36,600 

Northern   Paciflo    202,000              3,462  31,000 

Chesapeake   &   Ohio 187,000              3,533  31,900 

Missouri  Pacific   173,000              2,953  25,700 

Chicago,  Rock  Island  &  Pacific 192,800              3,104  28,300 

RATIOS    OF    CHICAGO,    ROCK    ISLAND    &    PACIFIC    LOCOMOTIVES. 

=  298.5 
=  41.88 
,  =  4.59 
,  =  9.11 
.  =629. 
,  =  10.9% 
.  =    62.11 


Heating  surface  to  cylinder  volume 

Tractive  weight  to  heating  surface 

Tractive  weight  to  tractive  effort 

Tractive  effort  to  heating  surface 

Tractive  effort  X  diameter  of  drivers  to  heating  surface. 

Heating  surface  to  tractive  effort 

Total  weight  to  heating  surface 


Since  this  table  was  prepared  the  actual  weights  of  the  loco- 
motive have  been  taken,  which  are  as  follows:  On  driving 
wheels,  132,300  lbs.;  on  leading  truck.  32,300  lbs.;  on  trailing 
wheels,  28,400;  total,  193,000  lbs.  The  chief  dimensions  are 
as  follows: 


Valves. 

Kind   of  valves Piston 

Greatest  travel  of  valves 5  V^  ins. 

Outside  lap  of  valves 1%  ins. 

Inside  lap  of  valves • 0  ins. 

Lead  of  valves  in  full  gear 1-32  In. 

Wheels,  Eftc. 

Number  of  driving  wheels 6 

Diameter  of  driving  wheels  outside  of  tire 69  ins. 

Material  of  driving  wheel,  centers Cast  steel 

Thickness  of  tire 3 14  ins. 

Driving   box   material Cast  steel 

Diameter  and  length  of  driving  journals.  .  ,9  x  914  ins.  diameter x  12  Ins. 
Diameter  and  length  of  main  crank  pin  journals  : 

6V-;  Ins.  diameters  6>4  Ins. 
Diameter  and  length  of  side  rod  crank  pin  journals : 

7%  ins.  diameter  X  i%  ins. 

Engine  truck   journals 6  ins.  diameter  x  12  Ins. 

Diameter  of  engine  truck  wheels 33  ins. 

Boiler. 

Style Radial  stayed  extended  wagon  top 

Outside  diameter  of  first  ring 66%  ins. 

W^orking   pressure   200  lbs. 

Thickness  of  plates  In  barrel  and  outside  of  firebox  : 

11-16,  23-32,  %,  9-16,  »4,  %  In. 

Firebox,   length    84  ins. 

Firebox,  width 74  Ins. 

Firebox,  depth    Front,  76%  Ins. ;  back,  65  Ins. 

Firebox  plates,  thickness: 

Sides,  %  in. ;    back,  %   in. ;    crown.  %  in. ;    tube  sheet.   %  In. 

Firebox,  water  space 4  ins.  front.  3%  ins.  sides,  3%  ins.  back 

Firebox,   crown   staying 1  in. 

Firebox,  stay  bolts 1  In, 

Tubes,   number    300 

Tubes,  diameter 2  ins. 

Tubes,  length  over  tube  sheets 18  ft.  7  Ins. 

Heating    surface,    tubes 2,940  sq.  ft. 

Heating  surface,  firebox 164  sq.  ft. 

Heating  surface,  total 3.104  sq.  ft. 

Grate  surface    422  sq.  ft. 

Exhaust   nozzles   5  %  ins.  diameter 

Smoke  stack,  inside  diameter 15  and  17%  ins. 

Smoke  stack,  top  above  rail 15  ft.  7  ins. 

Boiler  supplied  by -. Two  11  Nathan  simplex 

Tender. 

Style Eight-wheeled 

Wheels,   number 8 

Wheels,   diameter 36  Ins. 

.Journals,   diameter  and   length 5V>  ins.  diameter  x  10  ins. 

Wheel  base 18  ft. 

Tender  frame    13-ln.  channels 

Tender  trucks Barber 

Water  capacity 7.000  V.  S.  gals. 

Coal  capacity    15  tons 
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STEEL    CAR    DEVELOPMENT. 


Pennsylvania  Railroad. 


I. 


In  January,  1896,  the  first  steel  cars  for  general  service  on 
the  Pennsylvania  Railroad  were  built  by  the  Keystone  Bridge 
Works,  the  beginning  being  contemporaneous  with  that  of 
the  Pittsburgh,  Bessemer  &  Lake  Erie  Railroad,  which  was 
recorded  in  this  journal  in  May,  1903,  page  168.  In  fact,  the 
officers  of  the  Pennsylvania  Railroad  were  intimately  asso- 
ciated with  those  of  the  Carnegie  Steel  Company  in  the  early 
stages  of  this  development  with  respect  to  matters  of  design. 
Credit  for  the  introduction  of  steel  cars  in  th'is  country  there- 
fore belongs  equally  to  these  two  companies.  The  Pennsyl- 
vania system  now  has  46,696  steel  cars  in  service,  including 
those  with  steel  underframes. 

The  Pennsylvania  had  built  steel  cars  for  special  service 
dating  back  to  1887,  when  the  Fd  class  were  constructed. 
These  weighed  51,800  lbs.  and  were  designed  to  carry  a  con- 


the  date  March  15,  1895,  and  the  names  of  G.  L.  Potter,  then 
superintendent  of  motive  power  of  the  Northwest  System,  and 
William  Stephan,  chief  draftsman.  The  construction  will  be 
illustrated,  because  its  general  features  were  adopted  in  steel 
by  the  Schoen  people,  both  on  the  Pennsylvania  and  the  Pitts- 
burgh, Bessemer  &  Lake  Erie,  and  afterwards  for  general 
introduction. 

In  1896  the  Carnegie  Steel  Company  were  experimenting 
with  steel  cars,  and  at  the  same  time  the  Gm  steel  car  was 
designed  by  the  Pennsylvania  at  Altoona.  Five  of  these  cars 
were  built  by  Mr.  Charles  T.  Schoen.  They  were  gondolas 
with  two  small  hoppers,  but  the  car  was  not  self-discharging. 
It  had  double  drop-bottom  doors.  It  was  designed  for  use  on 
the  Pennsylvania  Lines.  Its  cubical  capacity  was  2,038  cu.  ft., 
including  a  heap  averaging  9  ins.  high  above  the  tops  of  the 
sides.  Its  weight  was  33,500  lbs.  and  capacity  100,000  lbs., 
giving  a  ratio  of  dead  weight  to  paying  load  of  30.73  per  cent. 
No  other  steel  cars  of  this  capacity  have  been  built  which 
weighed  so  little.  This  was  the  first  steel  car  on  the  Pennsyl- 
vania and  the  five  are  now  giving  satisfactory  service  from 
the  standpoint  of  maintenance,  but  the  design  has  never  been 
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centrated  load  of  120,000  lbs.  and  were  built  for  special  ser- 
vice in  transporting  heavy  wire  rope  cables  for  cable  railroads. 

The  class  designations  of  the  freight  equipment  of  this  road 
are  as  follows:  Box  cars,  X;  refrigerators,  R;  charcoal  cars, 
L;  stock,  K;  gondolas,  G;  flats,  F;  cabin,  N;  dump,  U; 
wrecking  or  derrick,  W.  Sufiix  letters  indicate  succession  in 
design,  and  second  suffix  letters  indicate  minor  modifications 
of  design,  with  reference  to  such  details  as  height  of  sides 
and  character  of  end  doors,  as  in  the  case  of  gondola  cars.  In 
all  cases  the  first  letter  designates  the  class. 

In  March,  1895,  the  Gg  car  was  built  from  drawings  pre- 
pared at  Fort  Wayne  after  a  study  of  all  existing  types  of 
heavy  coal  cars.  It  was  a  wooden  hopper  car  and  is  believed 
to  be  the  first  large  self-clearing  hopper  car  ever  built.  This 
design  has  exerted  a  controlling  infiuence  over  subsequent 
practice  in  steel  cars.  The  first  car  weighed  35,200  lbs.  and 
carried  70,000  lbs.  of  coal,  the  ratio  of  dead  to  paying  load 
being  45.7  per  cent.    The  original  drawing  of  this  car  bears 


popular  because  of  the  necessity  for  shoveling  the  load  tnrough 
the  drop  doors.  This  car  had  no  side  sills,  the  sides  being  em- 
ployed as  trusses  to  assist  in  carrying  the  load.  Thus  this 
Important  principle,  which  seems  to  be  considered  a  recent 
discovery,  was  embodied  in  the  very  first  step  taken  by  this 
road  in  its  introduction  of  steel  cars  into  general  road  service. 
These  cars  were  carried  on  Vogt  steel  trucks  and  were  ntted 
with  single-spring  double  gear.  The  first  Gm  cars  were  deliv- 
ered by  the  Pressed  Steel  Car  Company,  June  1,  1898. 

The  Gl  design  was  the  result  of  conferences  between  the 
mechanical  officers  of  the  Pennsylvania  Railroad,  the  Penn- 
sylvania Lines  West  and  the  Schoen  people.  The  drawings 
were  contemporaneous  with  those  of  the  Gm  design,  though 
the  construction  was  later.  The  Gl  car  is  a  self-clearing 
hopper  of  100,000  lbs.  capacity  and  is  now  the  standard  of 
that  type  of  equipment  on  the  Pennsylvania  system.  This 
car  is  self-dumping  and  was  very  popular  from  the  first.  Its 
adoption   as   a   standard   gave   steel   car   building   a   powerful 
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.  impetus  and  it  is  interesting  to  note  that  tliis  type  has  always 
led  in  popularity  and  that  all  self-clearing  cars  which  have 
been  built  in  large  numbers  have  followed  this  general  ar- 
rangement. 

Details  for  the  Gl  car  were, developed  by  the  Schoen  Pressed 
Steel  Company  and  pressed  steel  was  used  in  their  construc- 
tion. The  first  cars  of  this  class  were  used  on  the  lines  west 
of  Pittsburgh,  carrying  coal  to  the  lake  ports  and  returning 
to  Pittsburgh  with  ore.  For  this  reason  it  was  a  very  profitable 
class  of  equipment  and  was  from  the  first  severely  tested  in 
service  which  was  both  important  and  conspicuous.  Solid 
trains  of  these  cars  attracted  attention  to  their  advantages 
and  this  led  to  a  very  rapid  development  of  facilities  for 
building  them,  and  these  have  been  taxed  to  meet  the  demands 
for  this  equipment.  The  first  Gr,  cars  went  into  service  July 
27,  1898. 

This  class  is  now  practically  the  same  as  the  original  de- 
signs, but  it  is  to  be  re-designed  and  lightened,  without  im- 
pairing its  strength.  For  example,  the  side  sills  are  pressed 
steel  channels  extending  the  full  length  of  the  car.  These  are 
not  needed  because  of  the  very  deep  plate  girders  formed  by 
the  sides.  Its  dead  weight  is  36.36  per  cent,  of  the  paying 
load,  as  compared  with  45.7  per  cent,  in  the  G<i  wooden  hop- 
per car. 

An  interval  of  about  four  years  was  allowed  for  a  thorough 
service  test  of  the  Gl  cars  both  east  and  west  of  Pittsburgh 


In  the  matter  of  sill  construction  the  greatest  depth  of 
center  and  side  sills  for  33-ft.  Gl  cars  is  17  ins.  For  box  cars 
38  ft.  6  ins.  long  over  end  sills  the  depth  is  17  ins.  For  con- 
centrated loads  and  cars  40  ft.  long  or  over  the  depth  is  24 
ins.;  for  uniform  loads  and  cars  of  the  Gs  types  40  ft.  long 
the  greatest  depth  of  the  center  sill  is  20  ins.  There  are  no 
side  sills  in  this  design.  This  can  hardly  be  said  to  constitute 
a  rule  of  construction,  but  these  depths  have  been  established 
as  satisfactory.  More  will  be  said  later  as  to  the  sections  of 
the  sills  and  the  necessity  for  reinforcing  pressed  steel  chan- 
nels for  some  of  these  classes. 

STEEL    CARS — PENNSYLVANIA    RAILROAD. 
TABLE  OF  CAPACITIES. 

, • Capacity ^ 

Class.                 Box.  Heap.               Total.  Pounds.  Weight. 

Go    933  cu.  ft.  175  cu.  ft.  1,X08  cu.  ft.  70.000  35,200  lbs. 

Gm    1.861  cu.  ft.  203  cu.  ft.  2,064  cu.  ft.  100,000  33.8001b3. 

Gl    1.672CU.  ft.  225  cu.  ft.  1,897  cu.  ft.  100,000  39,150  !bs. 

El    Flat  car  80,000  31,500  lbs. 

XL    Boxcar  100,000  45,300  lbs. 

Rp    Refrigerator  car  90,000  

Fm    Plat  car  100.000  40,000  lbs: 

Gr    824CU.  ft.  247CU.  ft.  1,071  cu.  ft.  100,000  44,000  lbs. 

Gs     1.331  cu.  ft.  266  cu.  ft.  1,597  cu.  ft.  100.000  38,400  lbs. 

GSA     1,379  cu.  ft.  266  cu.  ft.  1,645  cu.  ft.  100,000  40,200  lbs. 

GSB     1.312CU.  ft.  262cu.  ft.  1,575  cu.  ft.  100.000  

Gsc     1,361  CU.  ft.  262  cu.  ft.  1,623  cu.  ft.  100,000  39,800  lbs. 

Next  in  order  came  the  Fl,  an  80,000  lbs.  capacity  flat  car. 
It  was  experimental  and  served  to  supply  a  great  deal  of  in- 
formation with  reference  to  deflection  and  twisting  of  sills 
under  loads.       Class  Xl  is  the  box  car  which  was  designed 
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Class    Gr. 


before  other  designs  were  put  into  the  form  of  construction.  A 
number  of  experimental  trucks  were  used  and  a  careful  watch 
was  kept  as  to  the  performance  of  details.  In  the  light  of  this 
experience  several  new  car  designs  were  prepared.  An  ex- 
amination of  the  drawings  indicates  that  these  were  based 
more  or  less  closely  upon  a  general  scheme,  which  may  be 
said  to  embody:  (1)  A  backbone  of  two  sills  with  cover  plates, 
reaching  nearly  the  full  distance  between  the  end  sills.  (2) 
Diaphragms  in  the  bolsters  with  cover  plates  at  top  and  bot- 
tom. (3)  Bolsters  10  ins.  deep  at  the  center,  with  one  top  and 
one  bottom  cover  plate.  The  bottom  plate  is  wide  at  the  center, 
to  act  as  a  gusset.  (4)  Two  very  heavy  cross-bearers  24  ins. 
deep,  to  compel  the  sills  to  act  together.  These  are  used  only 
on  gondolas  and  flat  cars,  which  are  designed  to  carry  con- 
centrated loads.  They  are  also  used  on  Gs  cars  which  do  not 
have  side  sills.  In  this  case  they  are  used  for  the  purpose  of 
transferring  the  load  from  the  sides  to  the  backbone  on  center 
sills.  Other  cars  which,  like  box  cars,  do  not  carry  concen- 
trated loads,  do  not  include  these  cross-bearers.  (5)  Diagonals 
from  the  ends  of  the  bolsters  to  the  ends  of  the  center  sills. 
The  later  cars  include  flat,  gondola,  box  and  coke  cars.  The 
coke  car  is  a  design  for  special  service  and  will  be  described 
later.  The  small  diagrams  indicate  the  character  of  this  equip- 
ment. Another  principle  in  this  construction  is  the  provision 
for  "concentrated  loads."  It  is  assumed  that  two-thirds  of  the 
capacity  of  certain  cars  may  be  carried  on  a  line  at  the  center 
of  the  car  or  anywhere  between  the  cross-bearers.  The  Gk 
and  Fm  classes  provide  for  concentrated  loads.  Gs  is  for  a 
uniformly  distributed  load.  It  has  a  flat  floor  and  solid  ends. 
GsA  has  a  flat  hopper  bottom  and  solid  ends.  Gsb  has  no 
hopper  and  has  drop  ends.  Gso  has  both  hopper  bottom 
and  drop  ends. 


immediately  after  the  iwierican  Railway  Association  had  de- 
cided upon  the  dimensions — 36  ft.  long,  8  ft.  6  ins.  wide  and 
8  ft.  high  as  standard  for  40-ton  box  cars.  A  capacity  of 
100,000  lbs.  was  decided  upon  because,  the  inside  dimensions 
being  given,  the  weight  and  cost  of  a  50-ton  car  would  be  little 
more  than  that  of  a  40-ton.  It  was  found  that  110,000  lbs.  of 
grain  could  be  loaded  into  this  car,  and  this  led  to  the  decision 
as  to  capacity.  No  other  class  of  box  cars  is  now  being  built 
by  the  Pennsylvania.  In  all  probability  the  cost  of  hauling 
a  ton  a  mile  is  so  low  that  with  an  occasional  full  load  for  a 
long  trip,  the  cost  of  hauling  the  additional  weight  of  a 
50-ton  over  a  40-ton  car  could  be  earned  several  times  every 
year.  With  pneumatic  loaders  cars  may  be  loaded  to  the  car 
lines  with  grain  without  hand  trimming. 

Class  Xl  has  a  low  floor  to  meet  the  standard  dimensions. 
In  this  design  cover  plates  and  flange  angles  first  appeared, 
the  purpose  being  to  gain  strength.  The  greatest  depth  of 
the  sills  is  17  ins.  and  the  neutral  axis  was  raised  by  the 
cover  plates.     These  cars  are  designed  for  distributed  loads. 

Class  Rf  is  a  90,000-lb.  refrigerator,  built  to  standard  di- 
mensions and  with  the  underframe  of  class  Xl.  These  inside 
dimensions  provided  width  enough  to  get  in  one  more  tier  of 
boxes  in  box  shipments  than  the  previous  standard  and  also 
gave  room  for  larger  ice  boxes. 

Class  Fm  is  a  100,000-lb.  flat  car,  succeeding  class  Fl.  Fm 
has  24-in.  sills,  which  are  the  deepest  pressed  sills  made, 
whereas  those  of  Fl  were  but  17  ins.  deep.  Class  Fm  pro- 
vides for  concentrated  loads  and  is  strong  enough  to  carry 
two-thirds  of  its  capacity  on  the  middle  third  of  its  length. 

Class  Gr  has  practically  the  same  frame  as  Fm  but  could 
be  made  wider  on  account  of  the  absence  of  stake  pockets. 
This  car  was  built  for  concentrated  loads  Inside  or  on  top  of 
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STEEL  CAR  DEVELOPMENT 

its  sides.    It  has  24-iii.  center  and  side  sills  and  wooden  sides, 
not  being  intended  for  coal. 

There  are  four  subdivisions  of  tiie  Gs  class,  all  being  de- 
signed for  coal  service  on  the  lines  west  of  Pittsburgh.  The 
officers  of  this  road  believe  that  coal  cars  should  have  floors 
as  nearly  tight  as  possible  in  order  to  protect  the  substruc- 
ture from  corrosion,  which  would  impair  its  integrity  and 
strength.  If  a  car  stands  with  a  load  of  coal  containing  sul- 
phur, water  will  leach  out  the  sulphur  and  form  a  weak  solu- 
tion of  sulphuric  acid,  which  jis  worse  than  a  concentrated 


Gsc. 

-  PENNSYLVANIA  RAILROAD. 

solution  in  its  effects  upon  iron  and  steel.  This  weak  solution 
does  the  work  of  a  cape  chisel  and  hammer.  The  box  structure 
of  a  car  may  be  easily  patched  and  repaired,  but  this  is  not 
true  of  sills,  bolsters  and  truck  members.  The  Gs  cars  are 
the  same  length  as  Gb  and  have  20-in.  center  sills  with  no 
side  sills,     'ihey  all  have  solid  floors. 

Details  of  the  most  important  of  these  designs  will  be  pre- 
sented, together  with  some  further  discussion  of  the  principles 
involved  in  their  construction.  We  are  indebted  to  the  officers 
Of  the  motive  power  department  of  the  Pennsylvania  Railroad 
for  courtesies  In  connection  with  this  description. 
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NEW    LOCOMOTIVE    SHOPS. 


READING,    PA. 


Philadelphia  &  Re<vding  Railway. 


VII. 


(For  Previous  Article,   See  Page   235.) 


THE  ELECTRIC  POWER  AND  LIGHTING  DISTRIBUTION  SYSTEM. 


The  considerations  which  led  to  the  adoption  of  the  two- 
phase  alternating  current  system  of  electric  power  distribu- 
tion for  the  new  Reading  locomotive  shops  are  interesting  and 
very  important.  This  question  was  given  a  very  thorough 
investigation  by  the  officials  of  the  road  and  it  is  interesting 
to  note  the  bearing  that  local  conditions  had  upon  the  ultimate 
solution  of  the  problem. 

In  the  first  place  the  plans  for  the  shops  included  14  elec- 
tric cranes,  varying  in  capacity  from  5  to  120  tons,  all  of  which 
would  require  variable  speed  motors,  and  some  would  have 
as  many  as  six  motions.  The  only  type  of  motor  naturally 
adapted  to  this  class  of  service  is  the  series,  direct-current 
motor,  having  the  regular  street  railway  motor  characteristics; 
the  alternating  current  induction  motor,  even  it  arranged  for 
variable  speeds,  was  not  considered  satisfactory  for  work  of  this 
nature,  which  requires  starting  from  rest  under  full  load  and 
accelerating  rapidly.  These  considerations  made  it  seem  neces- 
sary that  the  power  plant  should  supply  direct  current. 

It  was  also  planned  to  supply  from  the  power  plant,  power 
and  light  to  other  departments  of  the  road  located  in  Reading, 
including  current  for  300  h.p.  of  motors  at  the  car  repair  plant, 
2,400  ft.  distant,  current  for  145  arc  lamps  for  illuminating 
the  railroad  yards  and  other  departments  in  the  city,  together 
with  several  power  transmissions  from  1,000  to  3,000  ft.  in 
length.  For  such  service  as  this  alternating  current  is  much 
more  desirable  than  direct  current,  as  is  well  known.  A  care- 
ful study  of  these  conditions  resulted  in  a  compromise  in  the 
matter,  and  it  was  decided  to  supply  both  alternating  and 
direct  current  from  the  power  plant  in  order  to  care  for  both 
classes  of  service. 

arc  LIGHTING. 

In  this  connection  the  question  as  to  the  type  of  arc  lamp 
to  use  became  a  very  important  subject,  as  there  are  three  pre- 
vailing systems  of  operating  arc  lights:  First,  the  direct-cur- 
rent series  system  (requiring  special  series  dynamos) ;  second, 
the  direct  or  alternating  current  multiple  system;  and  third, 
the  alternating-current  series  system  (using  series  constant- 
current  transformers).  It  was  considered  very  undesirable  to 
make  use  of  the  first-mentioned  system  on  account  of  the  com- 
plication that  would  be  introduced  into  the  power  plant  equip- 
ment by  use  of  the  comparatively  small  series  dynamos.  Conse- 
quently the  question  narrowed  itself  down  to  the  exclusive  use 
of  the  alternating-current  series  system  throughout  for  both 
exterior  and  interior,  or  a  combination  of  the  multiple  system 
for  interior  lighting  and  the  series-alternating  system  for  out- 
Bide  illumination,  covering  extended  areas,  as  the  multiple  sys- 
tem was  absolutely  prohibitive  for  the  latter  work  on  account 
of  the  enormous  amount  of  copper  required  for  the  distribu- 
tion. Finally,  however,  the  desirability  of  having  a  standard 
type  of  arc  lamp,  for  both  inside  and  outside  use,  thus  reduc- 
ing the  number  of  spare  parts  to  a  minimum,  together  with 
consideration  that  the  inside  lamps  were  all  to  be  located  at 
sufficient  distances  above  the  floor  to  place  them  out  of  the 
way  of  harm  and  that  the  wiring  was  to  be  located  in  pro- 
tected positions  permitting  high  voltages,  led  to  the  adoption 
of  the  series,  inclosed,  6.6-ampere,  alternating-current  lamp 
for  both  outside  and  inside  use. 

TYPE  OF  generators. 

These  decisions  resulted  in  requiring  that  both  alternating 
and  direct  current  should  be  furnished  from  the  power  plant, 
after  which  the  remaining  question  to  be  decided  was  the  form 
of  current  that  should  be  generated  there  as  a  primary  basis 


of  power  supply.  In  determining  this  point,  calculations  were 
made  of  all  the  power  that  should  be  required  for  the  various 
purposes  for  which  it  was  to  be  supplied.  The  amount  of 
power  that  would  have  to  be  supplied  in  the  form  of  direct  cur- 
rent for  the  crane  motors  and  also  for  the  variable-speed 
motors  to  be  used  for  the  individual  drives  on  certain  of  the 
machine  tools,  and  for  all  other  purposes,  was  carefully  deter- 
mined; then  the  amount  of  power  that  would  be  delivered  in 
the  form  of  alternating  current  for  the  induction  motors,  to 
be  used  for  all  machinery  requiring  constant-speed  driving,  for 
the  incandescent  lighting  and  general  shop  distribution,  for 
the  long-distance  transmissions,  and  also  that  to  be  used  for 
the  arc  lighting,  was  also  determined.  The  results  of  these 
calculations  showed  that  only  150  kw.  would  be  required  for 
the  direct-current  distribution,  while  1,050  kw.  would  have  to 
be  delivered  in  the  form  of  alternating  current,  the  latter  being 
thus  far  the  greater  demand  to  be  met.  The  relative  merits  of 
generating  the  current  by  the  direct  or  alternating  current 
systems  were  then  considered,  with  reference  to  the  adoption 
of  the  one  most  suitable  for  the  governing  conditions;  the 
results,   stated   comparatively,   are   as   follows: 

advantages  of  the  direct-cuhrent  generating  system. 

(a)  Satisfactory  motors,  both  constant  and  variable  speed, 
may  be  operated  from  the  same  mains. 

(b)  The  power  factor  is  100  per  cent.,  and  this  permits 
motors  to  start  with  a  minimum  of  current. 

(c)  No  trouble  is  experienced  in  the  parallel  operation  of 
the  generators.  • 

(d)  No  exciters  are  required  for  the  generators. 

(e)  There  is  no  drop  of  voltage  in  the  mains  from  induc- 
tive losses,  as  with  alternating  current. 

(f)  Slightly  lower  first  cost. 

(g)  Motors  have  longer  air  gap  than  induction  motors. 
advant.\ges  of  the  alternating-current  generating   system. 

(a)  It  can  readily  be  transformed  from  one  voltage  to 
another. 

(b)  Motors  do  not  have  commutators  and  brushes. 

(c)  The  output  is  not  limited  by  sparking  at  the  brushes. 

(d)  It  can  be  readily  transformed  trom  constant  potential 
to  constant  current  for  operating  the  arc  lamps. 

(e)  It  is  almost  impossible  for  the  armature,  or  rotating 
winding,  of  an  induction  motor  to  burn  out. 

Thus  for  the  plant  in  question,  with  several  transmissions, 
constant  current  (alternating)  to  be  supplied  for  the  arc 
lamps,  and  with  the  alternating  current  demand  so  much 
greater  than  that  for  direct  current,  the  use  of  alternating- 
current  generators  offered  by  far  the  greater  advantages.  It 
greatly  simplified  the  station  equipment,  as  with  the  multi- 
phase alternating  current,  rotary  converters  could  be  used  to 
transform  into  direct  current  the  current  supply  for  the  crane 
motors,  variable-speed  motors,  etc. 

FREQUENCY  AND   VOLTAGE   TO   BE  USED. 

The  number  of  alternations  per  second  (frequency)  at  which 
the  alternating  current  should  be  delivered  from  the  genera- 
tors was  another  important  subject  requiring  attention.  On 
account  of  the  large  number  of  induction  motors  to  be  driven, 
including  the  rotary  converters,  it  was,  of  course,  thought  best 
to  have  the  frequency  as  low  as  possible.  But  this  was  limited 
by  the  fact  that  alternating-current  arc  lamps  were  not  built 
at  that  time  which  would  operate  satisfactorily  at  a  frequency 
of  less  than  60  cycles  (7,200  alternations  per  minute).  But, 
as  rotary  converters  to  deliver  250  volts  could  easily  be  obtained 
that  would  operate  satisfactorily,  and  also  as  induction  motors 
are  entirely  satisfactory  at  this  frequency,  it  was  decided  to 
adopt  the  frequency  of  60  cycles  per  second. 

In  determining  the  terminal  voltage  of  the  generators,  it 
was  decided  to  operate  with  as  high  a  potential  as  could  be 
considered  safe,  which  was  especially  feasible  in  the  absence 
of  danger  from  commutator  troubles  and  also  as  the  motors 
were  to  be  located  up  on  columns  out  of  the  way.  Four  hun- 
dred and  eighty  volts  was  the  figure  chosen  for  the  generators, 
as  being  satisfactory  for  the  standard  induction  motors  and 
other  alternating-current  apparatus  built  by  the  two  electrical 
companies   supplying  this  class  of  machinery.     This   higher 
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voltage  also  has  the  advantage  of  reducing  the  cross-section 
of  the  feeders  to  a  very  small  size  as  compared  with  what 
would  have  been  required  with  the  lower  voltages. 


center  of  the  locomotive  shop,  and  the  fact  that  the  greater 
part  of  the  power  delivered  was  to  be  used  in  the  locomotive 
shop,   combined   to   bring  the   location   of   the   wiring   tunnel 
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NUMBEE  OF  PHASES. 

Inasmuch  as  the  operation  of  large  motors  on  single-phase  al- 
ternating-current circuits  is  commercially  impracticable,  the 
two  and  three-phase  systems  were  the  only  ones  considered.  In 
determining  between  the  two,  it  was  considered  that,  for  a 
plant  of  this  nature,  with  the  great  part  of  the  distribution 
local  and  no  long  transmissions,  the  two-phase  system  would  be 
more  suitable.  With  the  two-phase  system  there  are  but  two 
circuits  to  balance,  as  compared  with  three  of  the  three-phase 
system,  and  this  is  very  easily  done  from  the  switchboard  by 
means  of  double-throw  switches,  whereas,  with  the  three-phase 
system,  balancing  is  complicated.  The  two-phase  system  also 
offers  a  simple  means  of  starting  motors  without  the  use 
of  compensators,  auto-starters,  etc.,  as  may  be  noted  by  refer- 
ence to  the  description  of  the  method  used,  which  was  pub- 
-lished  on  page  237  of  our  June,  1903,  issue  in  connection  with 
the  description  of  the  power  plant. 

The  two-phase  system  has  the  disadvantage  of  requiring 
more  copper  than  the  three-phase  for  the  distribution  system, 
but  it  was  found  that  in  a  local  distribution  system,  as  in  this 
case,  and  particularly  with  the  high  voltage  used,  this  item 
does  not  become  very  large  and  is  by  no  means  prohibitive. 
Also  the  three-phase  system  offers  distinct  advantages  over 
the  two-phase  system  for  long-distance  transmission;  but  if  a 
necessity  for  long-distance  transmission  should  ever  arise  it 
was  known  that  it  would  only  he  necessary  to  install  a  Scott 
phasing  transformer,  which  would  transform  the  current  from 
two  to  three  phase.  In  view  of  these  numerous  advantages  of 
the  two-phase  system  it  was  adopted  as  best  suited  to  the 
local  conditions. 

This  interesting  plan  of  electrical  distribution  was  worked 
out  by  Mr.  E.  E.  Brown,  Electrical  Engineer,  in  charge  of  de- 
sign and  installation,  under  the  direction  of  Mr.  S.  P.  Prince, 
Jr.,  superintendent  of  motive  power,  to  whom  we  are  greatly 
Indebted  for  courtesies  extended  in  the  preparation  of  these 
articles.  Further  considerations  as  to  the  distribution  system 
and  motor  equipment  will  appear  later. 

DETAILS  OF  THE  PIPING  AND  WIRING  TUNNEL. 

As  stated  in  an  earlier  issue  (see  page  9,  January,  1903) 
the  central   location   given   to   the  power   house   opposite  the 
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CROSS    SECTION    OF   THE   PIPING   AND    WIRING   TUNNEL,    SHOWING   DE- 
TAILS   OF    ROOF    CONSTRUCTION. 

very  close  to  the  center  line  of  the  locomotive  shop  building. 
In  this  way  the  tunnel  also  lent  itself  naturally  to  accommo- 
date the  piping  systems  that  extend  from  the  power  house 
to  the  locomotive  shop,  for  the  steam,  compressed  air  and  hot- 
water  supplies.  The  design  of  the  tunnel,  as  well  as  the  ar- 
rangement of  the  piping  and  wiring  within  it,  are  of  interest. 
The  details  of  the  tunnel  construction  are  made  clear  in  the 
two  above  engravings,  one  showing  a  plan  and  longi- 
tudinal section,  and  the  other  a  cross  section.     As  may  be 
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seen,  the  shop  end  of  the  tunnel  has  its  outlet  in  one  of  the 
heating  fan  houses.  This  is  of  considerable  advantage,  as  a 
large  space  is  afforded  alongside  of  the  heating  fan  for  getting 
at  the  pipes  and  wiring,  and  for  ease  of  arranging  the  distri- 
bution to  the  various  departments.  Also,  as  the  fan  rooms  are 
kept  locked,  the  piping  valves  and  the  wiring  are,  with  this  ar- 
rangement, not  liable  to  be  interfered  with. 

An  important  feature  of  the  tunnel's  construction  is  the  roof, 
which  is  of  concrete,  braced  by  sections  of  heavy  expanded 
metal  which  are  laid  between  the  30-inch-spaced  supporting 
I-beams;  this  is  made  clear  in  the  cross  section  arawing.  The 
concrete  is  covered  by  a  heavy  asphalt  waterproofing,  1-inch 
thick,  the  whole  being  covered  by  puddled  blue  clay.  The 
side  walls  are  of  solid  concrete.  The  interesting  construction 
of  the  roof  at  the  power-house  and  shop  ends  of  the  tunnel  is 
Indicated  in  detail  views  below  longitudinal  section  on  page  357. 


The  arrangement  of  the  various  pipes  in  the  tunnel  is  in- 
dicated in  the  cross-section  view,  which  also  shows  the  location 
of  the  wires.  The  "space  for  wires"  is  filled  with  the  well- 
known  McRoy  vitrified  clay  4-duct  conduits,  which  are  piled 
to  fill  the  space.  These  accommodate  the  feeder  cables  that 
run  from  the  switchboard  in  the  power-house,  which  is  located 
directly  over  that  end  of  the  tunnel  to  the  distribution  points. 
The  feeder  cables  are  all  lead  covered  for  protection  in  the 
tunnels. 

As  may  be  noted  from  the  general  dimensions  of  the  tunnel 
interior,  it  is  of  sufficient  size  to  permit  ease  of  access,  and 
repairs  can  be  made  with  a  considerable  degree  of  comfort  to 
the  workmen — an  important  feature  where  good  work  is  de- 
sired. The  tunnel  is  well  lighted  by  Incandescent  lamps, 
and  also  is  well  drained  so  that  it  is  perfectly  dry — an  advan- 
tage for  the  electrical  wiring. 


STEEL     FRAME,     SIDE-DOOR    SUBURBAN    PASSENGER 

CARS. 


Ilunois  Centbal  Railroad. 


III. 


Previous  articles  on  this  subject  were  printed  in  this  journal 
June,  1903,  page  204,  and  September,  page  327. 


The  underframe  consists  of  four  9  in.  21  lb.  I  beams,  64 
ft.  long  and  spaced  at  nearly  equal  distances  apart,  giving  a 
total  width  of  10  ft.  4  ins.  over  the  flanges.  The  end  sills  are 
9  in.  25  lb.  channels  set  with  the  backs  against  the  ends  of 
the  longitudinal  sills  and  riveted  to  them  with  double  angle 
plates  and  gussets.  The  underframe  is  trussed  with  four 
truss-rods  passing  over  the  inner  body  bolsters  and  anchored 
to  the  outer  ones.  Adjustment  of  these  rods  is  provided  by 
vertical  green  posts,  under  the  7  in.  15  lb.  needle  beams.  Over 
the  body  bolsters  and  needle  beams  6  in.  12^^  lb.  I-beams  in 
short  sections  are  placed  between  the  longitudinal  sills  as 
stiffening  members  and  riveted  to  the  webs  of  the  sills  by 
means  of  angles. 

Upon  the  metal  sills  a  steel  floor  of  Vi  in.  plates,  60  ins.  in 
width,  is  laid  with  butt  joints  formed  by  the  planed  edges  of 
the  plates  and  extending  entirely  across  the  underframe.  This 
floor  is  riveted  to  the  upper  flanges  of  the  sills  with  double 
rows  of  %  in.  rivets.  There  is  thus  obtained  a  continuous 
metal  surface  extending  the  entire  length  and  width  of  the  car, 
insuring  perfect  rigidity  of  the  underframe  and  giving  com- 
plete protection  from  fire  underneath  the  car.  The  underframe 
is  carried  upon  four  body  bolsters  made  of  7  by  1  in.  steel  bars 
in  the  upper  and  lower  members.  The  bolsters  are  arranged 
in  pairs,  iV^  ft.  centers,  and  bolted  to  the  lower  flanges  of  the 
sills.  Heavy  truss  connections  extend  between  the  bolsters, 
to  which  are  bolted  the  center  plates. 

The  upperframe  is  constructed  of  3  in.  4  lb.  channels  with 
solid  forged  ends,  which  are  riveted  at  the  bottom  to  the  top 
flanges  of  the  side  sills,  and  at  the  top  to  an  iron  plate  4y2  by  % 
in.  which  extends  in  one  piece  throughout  the  length  of  the  car 
and  the  vestibules.  The  channels  are  spaced  to  form  the  win- 
dow and  door  posts,  and  are  set  back  to  back  2  ins.  apart  so  as 
to  form  hollow  side  walls,  within  which  the  doors  slide  when 
opened  and  closed.  Below  the  windows  a  girth  brace  of  1% 
in.  angle  is  riveted  to  the  posts  with  gusset  connections,  to 
which  the  diagonal  bracing  of  1%  in-  angle  and  1^4  by  %  in.  flat 
steel  is  riveted;  this  bracing  at  the  lower  end  is  shaped  to  form 
a  foot,  which  is  riveted  to  the  lower  part  of  the  channel  post 
and  to  the  top  flange  of  the  side  sill,  thus  reinforcing  the  post 
in  its  connection  with  the  sill  and  forming  a  braced  panel 
between  each  of  the  side-door  openings.  The  corner  posts  con- 
sist of  two  4  in,,  5%  lb.  channels  set  transversely  on  the  side 
sills  and  spaced  11  ins.  apart.  On  the  outside  and  inside  of 
these  posts  four  triangular  gussets  of  %  in.  by  15%  in.  steel 
plate  are  riveted  to  the  flanges,  tying  them  firmly  together; 
the  corner  posts  are  riveted  securely  to  the  side  sills  and  to  the 


upper  plates  with  angle  connections.  The  space  between  the 
corner  posts  and  the  adjoining  side-door  posts  is  braced  with 
a  double  set  of  diagonal  bracing,  formed  of  1V4  in.  angles  in 
three  vertical  panels  and  riveted  to  the  gusset  connections. 
Tnis  arrangement  of  corner  bracing  gives  stability  to  the  upper 
frame  and  forms  a  strong  collision  bulkhead.  Across  each  end 
of  the  car  the  corner  posts  are  connected  by  %  in.  gusset  plates 
to  5  by  4  by  7-16  in.  angles  and  support  oak  end  plates,  to  which 
are  secured  the  side  arms  for  the  buffing  mechanism  of  the 
upper  portion  of  the  vestibule  diaphragm  plate.  Diagonal 
braces  of  4  in.,  5%  lb.  channels  are  riveted  to  corner  posts  and 
to  the  extreme  end  at  side  plates,  which  extend  beyond  the 
corner  post  of  the  body  of  the  car  to  the  corner  post  of  the 
vestibule  carried  by  the  platform  end  sill.  The  vestibule  corner 
posts  are  further  reinforced  by  upright  angles  %  by  2  by  2V2  in- 
with  flanged  ends,  which  are  bolted  to  the  platform  sills  and  at 
their  upper  ends  riveted  to  the  side  plates  and  the  end  braces. 
The  carlines  are  of  %  by  2  in.  iron  and  are  placed  directly  over 
each  set  of  side-door  posts,  each  carline  resting  directly  on  the 
side  plates  and  secured  thereto  at  each  end  by  four  %  in.  rivets, 
which  pass  through  the  forged  foot  of  the  carline,  the  plate 
and  the  forged  ends  of  the  channel  door  posts  tying  them  all 
securely  together.  There  is  thus  formed  a  continuous  connec- 
tion of  metal  framing  throughout  the  entire  body  of  the  car. 

An  unique  method  of  securing  the  exterior  and  interior  finish 
to  the  metal  frame  has  been  adopted.  Within  the  hollow  of 
the  channels  forming  the  posts  of  the  side-doors  and  windows 
strips  of  hard  maple,  IVi  ins.  thick  and  neatly  fitted  to  the  chan- 
nels, were  placed  before  the  posts  were  assembled;  the  channel 
posts  were  then  placed  in  a  chuck  upon  the  bed  of  a  planer 
with  the  maple  filler  upwards,  and  with  a  specially  designed 
tool  the  upper  edges  of  the  channel  fianges  were  split  to  a 
depth  of  3-16  in.,  and  the  inner  portion  of  the  flanges  rolled 
down  cold  and  turned  over  onto  the  filler,  compressing  and 
firmly  enclosing  it  within  the  channel  walls  without  the  use 
of  screws  or  bolts,  thus  making  the  filler  an  integral  part  of 
the  channel  and  affording  a  secure  and  permanent  foundation 
for  attachment  in  the  usual  manner  of  the  exterior  and  interior 
finish.  A  secondary  system  of  continuous  horizontal  bracing 
extends  throughout  the  walls  of  the  car,  adding  materially  to 
the  resistance  offered  to  a  raking,  corner  or  end  thrust  above 
the  level  of  the  fioor.  The  roof  is  of  13-16  in.  poplar,  nailed  to 
the  strips  in  the  usual  manner.  The  floor  is  laid  in  three 
courses;  first  the  steel  plates  forming  part  of  the  underframe, 
upon  which  is  laid  over  the  entire  surface  a  covering  of  as- 
bestos 14  in.  in  thickness,  and  upon  this  a  light  flooring  of 
wood  is  laid  crosswise  in  tongued  and  grooved  strips,  and 
bolted  to  the  steel  floor  underneath.  The  exterior  finish  is  of 
poplar  sheathing  in  vertical  tongued  and  grooved  strips,  2% 
in.  in  width;  the  interior  finish  is  of  mahogany  panels  inlaid 
with  delicate  border  design  in  marquetry,  and  is  continuous 
throughout  the  walls  and  the  vestibuled  ends  of  the  car. 

All  of  the  floor  space  of  the  car  including  vestibules  is  avail- 
able for  passengers  and  the  vestibule  doors  are  arranged  to 
pcimit  of  passing  from  car  to  car  in  the  trains.  The  platform 
traps  open  against  the  ends  of  the  car  and  the  vestibule  sld« 


OCTOBER,  1903.     AMERICAN   ENGINEER  AND  RAILROAD  JOURNAL.  3B9 


doors  swing  across  the  ends  of  the  slide  aisles,  serving  as 
barriers  for  the  protection  of  passengers.  The  vestibule  en- 
trances and  steps  are  provided  in  order  to  permit  the  use  of 
tho  cars  in  excursion  service.  Tliey  are  not  required  in  the 
regular  suburban  service. 

The  Feats  are  of  an  entirely  new  design,  in  bench  form,  ar- 
ranged tran.'Jversely  in  sections,  eacli  section  seating  eight  pas- 
sengers. They  are  constructed  throughout  of  mahogany,  with 
straight  backs  42  in.  high,  provided  with  swell  panels  for  back 
rests.     No   upholstering   is   used.     The   seat   bottoms   of   solid 


mahogany  are  of  molded  form,  mounted  on  trunnion  bearings 
in  frout  and  supported  on  springs  in  the  rear;  each  passenger 
having  an  independent  seat  separated  from  adjoining  seats  by 
short  arms.  These  seats  are  designed  to  discourage  "sprawl- 
ing." They  are  most  comfortable  when  the  occupant  is  sit- 
ting upright  in  a  position  which  economizes  space.  This  is  an 
important  new  principle  in  suburban  car  seating.  There 
are  twelve  sections  of  scats,  with  two  additional  seats  at 
each  end  of  the  car,  making  a  total  of  100  seats.  Between 
the  seat  ends  and  the  walls  on  each  side  of  the  car  is  an 
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DETAILS    OF    DOOR    OPERATING    MECHANISM.   ( METHOD  OF  UPSETTING  ENDS  OF  CHANNEL  POSTS  IS   SHOWN   AT  A). 


aisle  18  in.  in  width,  extending  the  entire  length  of  the 
car,  connecting  with  the  vestibule  area  and  affording  a  pas- 
sageway on  both  sides  throughout  the  length  of  the  train. 

To  give  good  light  the  glass  Is  carried  to  a  height  of  6  ft. 
above  the  floor.  These  cars  have  the  Pintsch  light,  with  eleven 
three-burner   lamps,   making  a  total   of  450   candle-power   for 


each   car.     They   are   beautifully    lighted    and    this    is   an    ob- 
ject lesson  in  the  illumination  of  suburban  equipment. 

These  cars  are  carried  on  the  I.  C.  R.  R.  Standard,  four-wheel 
passenger  equipment  trucks,  with  33  in.  rolled  steel  wheels  and 
5  by  9  in.  steel  axles.  They  are  equipped  with  Standard  steel 
platforms  and  couplers,  and  the  Sessions  friction  draft  gear. 


INTERIOR    \TEW     OF    CAR,     SHOWING     MOULDED-FORM     SEATS     AND    AISLE    ARRANGEMENT. 

STEEL  FRAME  SIDE  DOOR  SUBURBAN  CARS— ILLINOIS  CENTRAL  RAILROAD. 
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A  novel  method  of  attaching  the  clratt  rigging  to  the  car  has 
been  adopted  in  consequence  of  the  distance,  38  ins.,  between  the 
center  sills  of  the  car.  This  consists  of  a  steel  plate,  2  ft.  5 
ins.  by  3  ft.  6  ins.  by  %  in.,  which  is  placed  between  the  main 
sills  of  the  underframe  and  the  sub-sills  of  the  platform  and 
bolted  through  their  flanges  with  twenty-four  %  in.  bolts,  ac- 
curately turned  to  reamed  holes  with  a  driving  fit. 

The  weight  of  the  car  body  is  61,400  lbs.,  and  of  the  trucks 
23,200  lbs.,  making  a  total  of  84,600  for  a  seating  capacity  of 
100  persons.  Mr.  Sullivan  believes  that  this  may  be  materially 
reduced  without  sacrificing  strength. 

In  this  system  of  construction  the  door  operating  devices  con- 
stitute an  element  of  vital  importance.  The  accompanying 
illustrations  show  the  entire  operating  mechanism,  including 
the  air  cylinder  for  operating  the  doors  at  one  end  and  the 
hand  mechanism  at  the  other  end,  for  use  whenever  the  supply 
of  compressed  air  is  cut  off. 

The  air  valve  may  be  operated  from  either  end  of  the  car 
by  means  of  the  long  valve  operating  rod  shown  on  the  draw- 
ing. This  admits  of  the  trainman  working  the  doors  from 
either  end,  which  is  quite  a  necessity  with  the  method  of 
having  the  collections  made  upon  the  train.  The  hand 
mechanism  operates  from  one  end  of  the  car  only,  which  is  of 
less  importance  as  it  is  but  seldom  used,  the  pneumatic  ap- 
paratus working  very  successfully.  The  bleeding  valve  shown 
just  below  the  air  cylinder  opens  communication  with  the  at- 
mosphere from  each  end  of  the  cylinder  and  equalizes  the  air 
pressure.  The  use  of  this  valve  is  made  necessary  because 
in  normal  operation  the  full  air  pressure  is  against  the  piston 
either  on  the  one  side  or  the  other,  as  the  air  pressure  is 
relied  upon  to  lock  the  doors  by  holding  them  tightly 
closed. 

Whenever  it  may  be  necessary  to  cut  out  the  air,  the  main 
air  valve  is  placed  on  lap,  which  leaves  one  end  of  the  cylinder 
containing  air  at  full  pressure,  which  will  prevent  the  hand 
apparatus  being  used.  This  pressure  is  reduced  by  the  ex- 
haust of  the  bleeding  valve  ana  permits  the  piston  to  move 
freely  in  the  cylinder  when  the  hand  apparatus  is  used.  Each 
door  cylinder  is  supplied  from  an  auxiliary  cylinder  under  the 
floor  of  the  car,  the  pressure  in  which  is  maintained  by  a 
branch  pipe  from  the  train  line  in  which  is  placed  a  check 
valve  which  closes  automatically  when  the  train  line  pressure 
is  reduced  in  applying  the  brakes.  The  exhaust  from  the 
main  air  valve  for  operating  the  doors  is  carried  through  the 
floor  of  the  car. 
The  different  valve  stems  are  flush  with  the  interior  finish 


of  the  car  and  present  much  the  same  appearance  as  the  locks 
on  the  upper  berths  of  a  Pullman  car.  All  of  the  door  operat- 
ing mechanism  is  contained  within  the  walls  and  no  part  of  it 
is  visible  to  the  passengers  except  the  brass  hand  wheel  and  the 
lever  which  is  used  for  throwing  it  into  and  out  of  gear,  this 
being  accomplished  by  a  cam  movement  which  requires  a 
sweep  of  the  lever  of  about  4.5  degrees.  The  clips  on  the 
piston  rod  which  engage  the  door  hangers  and  close  the  doors, 
are  fitted  with  springs  having  a  compression  of  about  three- 
quarters  of  an  inch.  This  spring  movement  equalizes  any 
variation  there  may  be  in  the  setting  of  the  clips,  so  that  the 
cylinder  pressure  is  distributed  equally  on  all  the  doors. 

The  engraving  shows  the  apparatus  set  for  what  is  called  its 
"permissive"  operation,  that  is,  the  doors  are  closed  and  locked 
and  held  closed  by  air  pressure  with  one  movement  of  the 
piston,  and  released,  but  not  opened  by  the  other  movement  of 
the  piston.  This  arrangement  permits  of  any  of  the  doors 
being  opened  by  the  passengers  from  either  the  inside  or  the 
outside  of  the  car,  and  saves  the  necessity  of  opening  all  12 
doors  at  places  where  only  one  or  two  passengers  may  wish  to 
enter  or  leave  the  car.  This  is  the  plan  adopted  for  the  winter 
season,  and  in  the  summer  season,  when  there  is  no  ob- 
jection on  account  of  weather  conditions  to  opening  as  well 
as  closing  all  of  the  doors  at  every  stop,  positive  working  is 
provided  by  merely  mounting  another  clip  on  the  piston  rod 
immediately  in  front  of  the  door  hanger,  so  that  the  door  is 
carried  forward  and  back  with  each  movement  of  the  piston 
rod.  Experience  will  determine  which  of  these  methods  will 
be  the  more  practicable. 

The  guide  rollers  for  the  piston  rod  are  spaced  five  feet  apart 
and  mounted  on  roller  bearings.  The  door  hanger  rollers  are 
mounted  on  ball  bearings.  The  piston  rod,  also  the  roller 
which  carries  the  door,  are  made  of  cold  drawn  steel  tubing, 
perfectly  smooth  on  the  outside,  and  the  rollers  are  accurately 
turned  to  fit  the  tube,  so  that  there  is  very  little  friction  and 
the  doors  work  very  smoothly.  The  doors  are  suspended  from 
the  upper  rollers  and  hang  free,  being  guided  at  the  lower 
end  by  a  groove  in  the  threshold,  which  holds  them  in  line. 
The  piston  rod  is  continuous,  being  about  64  feet  in  length  and 
made  of  tubing  in  jointed  sections  of  about  18  feet  in  length. 
The  tubing  used  for  the  door  rail  is  cut  in  lengths  of  five  feet 
and  mounted  so  that  the  rail  of  any  door  may  be  removed  with- 
out interfering  with  the  rails  of  the  other  doors.  The  door 
mechanism  is  complete  for  each  side  of  the  car.  one  side  being 
a  duplicate  of  the  other,  and  they  are  operated  independently 
of  each  other. 


362        AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


NEW    LOCOMOTIVE    AND    CAR    SHOPS. 


COLLINWOOD,    OHIO. 


Lake  Shore  &  Michigan  Southern  Railway. 


XI. 


PBESSUBE-BLOWEB    SYSTEM    FOR    OIL    FIIRNACES. THE    SCRAP    PLAT- 
FORM.— A     PNEUM.^TIC     DRIVING-BOX     CRANE. 


In  the  description  of  tlie  fuel  oil  furnaces  in  use  at  the 
CoUinwood  shops,  presented  in  the  previous  issue,  mention 
was  made  (see  page  335,  September,  1903,  number)  of  the  fact 
that  each  separated  group  of  furnaces  has  an  independent 
motor-driven  pressure-blower  outfit  for  supplying  the  8  ozs,  of 
air  pressure  that  is  required  at  the  tuyeres  of  the  Ferguson  oil 
furnaces.  Seven  pressure-blower  equipments  were  installed 
in  the  various  buildings,  so  as  to  avoid  the  necessity  of  dellv- 


THE   SCRAP   PLATFORM. 

The  scrap  platform  at  the  CoUinwood  shops  is  a  model  for 
convenience  and  adaptability  to  local  requirements,  as  well 
as  the  fuel  oil  system,  described  last  month,  is  one  of  the 
most  complete  and  best  arranged  plants  for  the  purpose  ever 
built.  The  design  and  equipment  of  these  auxiliary  depart- 
ments were  carried  out  by  the  oflBcials  in  charge  of  the  shop 
construction,  to  whom  much  credit  is  due  for  these  details. 

As  will  be  recalled  from  the  layout  ground  plan  of  the  Col- 
linwood  shops,  which  appeared  in  the  supplement  for  the 
October,  1902,  issue  of  this  journal,  and  also  from  the  engrav- 
ing on  page  335  of  the  preceding  issue,  the  scrap  platform  ex- 
tends east  and  west  and  lies  directly  east  of  the  bolt  shop' 
section  of  the  blacksmith  shop,  between  the  brass  foundry 
storehouse  on  the  north  and  the  iron  storehouse  on  the  south. 
It  is  served  by  a  track  on  the  north  side,  two  tracks  on  the 
south  and  a  cross  track  at  the  west  end,  so  that  scrap  can  be 
handled,  after  sorting,  either  into  cars  or  west  into  the  black- 


ARRANGEMENT  OP  THE  MOIDR-DBIVEN  PRESSURE  BLOWER  OUTFIT  AND    THE    PIPING    SUPPLYING    AIB  BL.\ST  TO  THE  OIL  FURNACES. 

BULLDOZER    DEPARTMENT   OF    THE   BLACKSMITH    SHOP. 
COLLINWOOD     SHOPS. LAKE     SHORE     &     MICHIGAN     SOUTHERN      RAILWAY. 


ering  the  blast  at  long  distances  from  the  blowers  and  the 
excessive  drops  in  pressure  that  would  thus  be  incurred.  In 
this  article  we  present  drawings  to  illustrate  a  typical  pres- 
sure-blower system,  which  will  also  indicate  the  care  that  was 
taken  in  the  designs  to  provide  for  the  inevitable  drops  of 
pressure  at  elbows  in  the  delivery  pipe. 

The  air-blast  system  illustrated  herewith  is  the  one  supply- 
ing blast  for  the  forging  furnaces  at  the  south  end  of  the 
blacksmith  shop,  which  take  care  of  the  bulldozer  work.  As 
indicated  in  the  engraving,  five  furnaces  are  here  provided 
for,  three  large  ones  and  two  small,  by  a  No.  7  American 
Blower  Company  steel  pressure-blower,  operated  at  3,642  revo- 
lutions per  minute.  The  air-blast  delivery  pipe  runs  from  the 
fan  through  long-radius  bends  to  the  various  furnaces,  as 
shown,  the  fan  being  located  as  near  a  central  point  as  possible. 
The  sizes  of  the  different  sections  of  the  pipe  were  carefully 
calculated  so  as  to  bring  the  resultant  delivery  pressures  at 
the  furnace  tuyeres  to  the  necessary  8  ozs.  The  blower,  at  the 
rated  speed,  delivers  at  a  pressure  of  9.73  ozs.,  the  various 
drops  in  the  different  sections  of  pipe  being  indicated  on  the 
same  in  the  engraving  presented  above. 

The  blower  is  driven  by  a  7V2-h.p.  Crocker-Wheeler  constant- 
speed  motor,  operating  at  1,100  revolutions  per  minute.  A 
double-belt  drive  is  used,  one  belt  on  each  side  of  the  blower. 
The  motor  and  drive-pulleys  are  mounted  upon  a  stand  next 
to  the  wall,  the  details  of  which  are  of  interest.  The  accom- 
panying sketch  at  the  right  illustrates  the  construction  of  this 
stand,  the  position  of  the  motor,  pulleys  and  inverted  hanger 
bearings  being  drawn  in  dotted  lines  superimposed  upon  the 
plan  view.  The  stand  is  raised  to  permit  the  delivery  pipe 
from  the  blower  to  pass  underneath  on  its  way  along  the  wa'l. 
The  arrangement  of  the  stand,  as  well  as  of  the  blower  and 
delivery  pipe,  is  worthy  of  note  for  the  economy  of  space 
effected  thereby.  i 
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DETAILS    OF    SUPPORT    FOR    MOTOR    DRIVING    THE    PRESSITRE    BLOWER. 


smith  shop.  A  half-tone  on  page  363  presents  a  view  of 
the  west  end  of  the  platform,  showing  the  type  of  roof  cover- 
ing that  is  used  for  shelter.  The  scrap  platform  is  450  ft. 
long,  36  ft.  wide  and  sets  4  ft.  above  the  rail  level  of  the  side- 
tracks. The  roof  structure,  which  is  illustrated  in  the  engrav- 
ing, is  330  ft.  long,  extending  from  the  west  end  to  within 
88  ft.  of  the  east  end.  The  west  end  slopes  with  an  easy 
incline  to  the  yard  level,  with  the  exception  of  one  section 
20  ft.  wide  at  the  middle  of  the  base  of  the  incline,  which  sets 
level  at  a  height  of  21  ins.  above  rail  level.  The  floor  of  the 
platform  is  of  wood  except  at  the  bins,  where  it  is  paved  with 
brick.  The  remaining  general  dimensions  of  this  structure 
are  made  clear  in  the  plan  and  cross-section  presented  In  the 
engravings  on  the  opposite  page. 

As  may  be  noted  from  the  plan  view,  140  ft.  of  the  west 
end  of  the  sheltered  portion  is  left  open  for  piling  scrap,  cut- 
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ting  and  straightening  bolts,  etc. 
Beyond  this  begins  a  series  of  bins 
with  sides  5  ft.  high  (each  bin  10 
ft.  wide)  and  extending  190  ft. 
eastward;  the  first  nine  of  these 
bins  extend  across  the  platform  for 
holding  long  scrap,  while  the  last 
ten  are  divided  at  the  middle  for 
short  scrap.       The  east  end  of  the 


DETAILS  OF  CBANE  FOB  DBIVJNO   BOX  HOIST. 

platform  (88  ft.)  is  left  open  for  receiving  fireboxes,  tanks,  etc. 

The  bins  are  so  located  that  after  the  scrap  is  sorted  it  may 

be  loaded  either  directly  onto  cars  without  rehandling,  or  onto 

the  cars  upon  the  small  narrow-gauge  (24-in.  gauge)  track  for 


CliA.NE    A.M)    HOIST  FOR  ORIVING   IIOXKS.    IX    THE    DHIVl.N'G    nOX    SECTION 

OF  THE  LOCOMOTIVE  SHOP.  (See  page  364.) 
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transferring  or  delivery  to  the  blacksmith  or  bolt  shops.  The 
scrap  shear  and  bolt  straightener  will  be  located  near  the  bins 
at  the  point  where  the  wrought-iron  scrap  will  be  sorted.  From 
this  point  bolts  and  scrap  for  piling  will  go  to  the  west  end  of 
the  platform  and  the  other  scrap  to  the  bins. 

To  the  south  of  the  scrap  platform  is  situated  the  iron 
storehouse,  in  which  all  iron  is  stored  for  the  blacksmith  and 
bolt  shops.  Also  all  finished  forgings  and  the  brasses  are  to 
be  stored  there. 

CR-\NE   AND   HOIST   FOR  DRIVING   BOXES. 

Two   light  portable  cranes  with   a  lifting  capacity  each   of 


700  lbs.  have  been  fitted  up  for  driving-box  work  in  the  loco- 
motive shop  at  the  Collinwood  shops.  These  cranes  have 
Curtis  air  hoists  and  are  arranged  so  that  they  may  be  car- 
ried by  the  shop  traveling  crane  to  any  of  the  main  columns  of 
the  building,  which  are  fitted  with  the  brackets  to  receive 
them.  These  brackets  are  secured  to  the  columns  wherever 
driving-box  work  is  done,  and  the  air  hoist  is  supplied  with 
air  by  a  swinging  hose.  This  is  an  inexpensive  "kink"  which 
saves  a  large  amount  of  labor.  It  represents  an  important 
principle  in  shop  equipment  in  that  the  use  of  large  overhead 
traveling  cranes  does  not  avoid  the  necessity  of  providing 
light  pillar  cranes  for  individual  machines  or  departments. 


LOCOMOTlMi    FOR    SUBl'RB.\N     SERVICE.- 
S.    K.    PRINCE.    SUPERINTENDENT    MOTIVE    POWER. 

SIX-COUPLFD    SUBURBAN    LOCOMOTIVE. 
Philadelphia  &  Re.^dino  Railway. 


-PHILADELPHIA    &    READING    RAILWAY. 

BALDWIN    LOCOMOTIVE  WORKS,  BlILDEUS. 


THREE     RECENT     SUBURBAN     LOCOMOTIVES. 


Six  suburban  locomotives,  for  service  into  Philadelphia, 
have  been  completed  tor  the  Philadelphia  &  Reading  Railway 
by  the  Baldwin  Locomotive  Works.  They  are  of  the  double- 
end  type  and  are  in  use  on  the  Germantown  &  Chestnut  Hill 
branch  and  on  the  Norristown  branch  between  Manayunk 
and  the  Philadelphia  terminal.  The  arrangement  of  the  driv- 
ing aud  truck  wheels  is  like  that  of  the  New  York  Central 
suburban  locomotive  illustrated  in  this  journal  in  April,  1902, 
page  115,  but  the  Philadelphia  &  Reading  engine  has  a  four- 
wheel  instead  of  a  six-wheel  truck  under  the  rear  end.  These 
engines  are  fitted  with  slide  valves.  They  have  wide  grates 
for  anthracite  coal  of  buckwheat  size.  A  noteworthy  feature 
of  the  boiler  is  in  the  very  short  tubes,  9  ft.  in  length.  These 
engines  will  exert  a  tractive  effort  of  26,600  lbs.  and  should 
start  traiDB  very  quickly.  The  cab  of  this  engine  is  placed 
sufficiently  far  back  on  the  firebox  to  bring  the  engineer  and 
fireman  together  in  the  same  compartment.  A  comparison  of 
the  principal  features  of  this  design  and  the  two  recent  ex- 
amples of  locomotives  for  similar  service  on  the  New  York 
Central  and  the  Central  Railroad  of  New  Jersey,  as  given  in 
the  following  table,  may  be  convenient  for  reference: 


Name  of  railroad    N.  Y.  C. 

Number  of  road  or  class 1410 

Builder    American 

Simple    or   compound Simple 

When   built    1902 

Weight,   engine   total,    lbs 216,000 

Weight  on   drivers,    lbs 128.000 

Weight  on  leading  truck,  lbs 

Weight  on  trailing  truck,  lbs 

Weight  of  tender  (loaded),  lbs 

Wheel  base,  driving,  ft.  and  ttis. 
Wheel  base,  total,  ft.  and  ins.  . 
Driving  wheels,   diameter,    ins. 

Cylinders,    diameter,    ins 

Cylinders,    stroke,    ins 

Heating  surface,  firebox,  sq.  ft. 
Heating  sur..  arch  tubes,  sq.  ft. 

Heating  surface,  tubes,  sq.  ft.  .  2,275 

Heating  surface,  total,   sq.   ft..  2,437 

Firebox,  length,  ins 93 

Firebox,    width,    ins 97% 

Grate  area.  sq.  ft 62.1 

Boiler,  smallest  diameter  of.  ins.  70 

Tubes,  No.  and  diameter  in  ins.  365-2 

Tubes,  length,  ft.  and  ins 12-0 

Steam  pressure,  lbs,,  per  sq.  in.  200 

Reference  in  American  Engi-  April   1902 

neer  and  Railroad  Journal.  .  P.  115 


15-0 
35-9 
63 
20 
24 
162 


;.R.R.  of  N.J. 

200 

Baldwin 

Simple 

1902 

189,900 

129,000 

21,900 

39.000 

Side  tank 

14-0 

31-8 

63 

18 

26 

96.6 

43.0 

1.695.0 

1.834.6 

109 

72 

54.5 

60 

249-2 

13-0 

200 

June,  1902 

P.  200 


P.  &R. 

381 
Baldwin 
Simple 
1903 
201,700 
120,860 
19,120 
61.920 


12-6 
30-9 
61% 

20 

24 
156.3 

i  825.5 
1,981.8 

94 

105 

68.5 

66 
447-0 

9-0 

200 
Oct.,  1903 


The   following  tables   give   the   ratios   and   a  record   of  the 

leading  dimensions  of  the  Philadelphia  &  Reading  design: 

Heating  surface  to  cylinder  volume =  226 

Tractive  weight  to  heating  surface =    61, 

Tractive  weight  to  tractive   effort =      4.54 

Tractive  effort  to  heating  surface =    13.43 

Tractive  effort  x  diameter  of  drivers  to  heating  surface =  824. 

Heating  surface  to  tractive  effort =      7.4% 

Total   weight  to   heating  surface =  101.8 


SIX-COUPLED    SUBURBAN    LOCOMOTIVE. 

PHILADELPHIA     &     READING     R.MLWAV. 

Oauge   4  "■   8V^i°«- 

Cylinder    ^u  x  24    ms. 

Valve  Balanced 

lioiler-^Type'  ; '.'. Wagon   top 

Diameter ,-,•  V  V.  ■  '  J    ■./  "?*'• 

Thickness  of  sheets 11-16  and   -Ji    in. 

Working  pressure   .■  ■  •,:  -^,00  'bs 

puel  .  ,\nthra''ite    buckwheat 

Staying  ■.■.':... ^%fl\ 

Firebox — Material    a;    ■ 

Length   -9*   'n^- 

Width  ■ ^0^  '"*■■ 

Depth  Front.  59V, ins. :    back.   46%    ins. 

Thickness  of  sheets. Sides.  %  in. ;  back,  %  in.  ;  crown,  ■%  in. ;  tube.  14  in. 

Water  space Front,  SVj  ins. ;  sides,  3V<!   ins.  ;  back,  31/2  ins. 

Tubes— Material    • ■  •  •  •  ■  ■ -1™° 

Wire  gauge 1"  '*■  ^^  .i. 

Number    1  .V  i„V 


Length   9  ft.  0  in. 

Heating  Surface — Firebox   156.3   sq.  tt. 

Tubes    1.825.5    sq.    ft. 

Total    1,981.8   sq.   ft. 

Grate  area   68.5   sq.   ft. 

Driving  Wheels — Diameter  outside 61%    ins. 

Diameter  of  center 54%    ins. 

Journals    81/^  x  12    ins. 

Engine  Truck  Wheels    (front) — Diameter 30   ins. 

Journals 6x12  ins. 

Engine  Truck  Wheels   (back) — Diameter 33  ins. 

Journals 6x12  ins. 

Wheel  Base — Driving 12  tt.  6  ins. 

Rigid   12  tt.  6  ins. 

Total  engine   30  ft.  9  Ins. 

Weight — On  driving  wheels   120,860  lbs. 

On  truck,   front    19.120   lbs. 

On  truck,  back 61.920  lbs. 

Total    engine 201.700    lbs. 

Tank — Capacity   3.000  gals. 

Trial    7,500  lbs. 
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CAST    STEEL    LOCOMOTIVE    FRAMES. 


Delawakk  &  Hudson  Company. 


As  a  result  of  careful  study  of  Uie  failures  of  locomotive 
frames,  Mr.  J.  R.  Slack,  superintendent  of  motive  power,  and 
Mr.  G.  S.  Edmonds,  mechanical  engineer,  of  the  Delaware  & 
Hudson  Company,  have  developed  new  designs  with  special 
reference  to  the  action  of  cast  steel  in  the  foundry.  Instead 
of  casting  frames  of  the  form  of  wrought  iron  with  rectangu- 
lar sections  throughout,  this  design  distributes  the  metal  in 
I  sections,  with  curves  of  large  radius  as  fillets,  and  the  mem- 
bers are  also  tapered  and  the  thickness  of  the  webs  are  varied 
wherever  this  seems  to  offer  advantages.  The  particular 
frame  illustrated  in  this  engraving  is  that  of  the  4—6 — 0  type 


jnaintenance  and  transportation  cost  of  one  ton  one  mile,  gives 
$7.'J,000,  since  we  can  asi-ign,  aKsuming  l,!j(K>  as  train  tonnage,  five 
of  these  engines,  for  one  entire  year,  to  the  movement  of  this  extra 
frame  load. 

For  material,  hammered  iron  ha.s  the  favor  of  the  majority,  ex- 
cepting in  cases  of  very  heavy  forgings,  where  cast  steel  is  em- 
ployed. Usually  the  section  used  is  the  same,  whether  of  iron  or 
steel.  This  may  be  accounted  for  by  the  commendable  spirit  of 
.standardization  prevalent  at  this  period,  but  juat  why  the  same  line 
of  reasoning  should  hold  with  new  design  is  not  as  apparent. 

While  experimental  with  some,  other  roads  have  used  cast  steel 
to  a  considerable  extent,  with  variable  experience. 

Compared  we  note : 

1.  Hammered  iron  has  the  distinctive  advantage  of  being  readily 
welded.  Investigation  as  to  results  with  steel  finds  some  things  to 
be  desired.  This  may  in  part  be  accounted  for  by  lack  of  tools  of 
sufficient  power,  the  constituents  of  material  being  such  as  to  note 
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CAST  STEEL  FRAMES  FOR  4 — 6 0  TYPE  tOCOMOTrVE. 

DEL.\.WARE    &    HUDSON    COMPANY. 


locomotive  illustrated  on  page  285  of  the  August  number  of 
this  journal.  This  design  represents  the  latest  and  most  sat- 
isfactory development  of  this  principle  on  this  road,  and  it  is 
reasonable  to  expect  improved  service  from  a  careful  distribu- 
tion of  the  metal.  Mr.  Edmonds  has  recently  read  a  paper  on 
the  subject  of  locomotive  frames  before  the  Pacific  Coast  Rail- 
way Club,  which  is  interesting  in  this  connection. 

It  is  evident  to  those  who  have  devoted  the  greatest  amount 
of  study  to  the  subject  of  frame  failures  that  not  only  must 
the  design  of  the  frames  be  correct  in  detail,  but  that  the 
frame  structure  as  a  whole  may  need  bracing  in  a  new  way 
in  order  to  prevent  the  deflections  which  result  in  breakage. 
The  combination  of  correct  design  with  the  necessary  bracing 
thould  result  in  a  very  greatly  needed  improvement.  The  re- 
sults of  some  interesting  experiments  upon  the  deflections  in 
locomotive  frames  will  soon  be  recorded  in  this  journal. 


A  RATIONAL  METHOD  OF  DESIGNING   LOCOMOTIVE 

FRAMES. 


From  the  paper  by  Mr.  Edmonds  the  following  paragraphs  are 
abstracted : 

One  thousand  pound.s  unnecessary  weight  in  a  pair  of  engine 
frames,  on  a  road  with  1,000  engines,  same  making  50,000  mileage 
per  year,  in  life  of  said  engines,  assuming  15  years,  means  375,000,- 
000  tons  hauled  one  mile.    This,  at  the  arbitrary  figure  of  .$.0002  as 


permit  of  its  being  reduced  to  as  plastic  a  condition  as  the  iron, 
requiring  a  considerably  greater  force  to  unite. 

2.  Uncertainty  of  product  meets  claims  on  both  sides,  for,  while 
with  steel,  blowholes  and  honeycombing  will  creep  in,  ofttimes 
being  hidden  in  the  heart  of  the  section,  equally  true,  from  time  to 
time,  with  the  large  amount  of  steel  now  being  used  in  locomotive 
and  car  construction,  the  difficulty  of  confining  scrap  to  wrought 
iron  cannot  but  increase.  Failures  in  many  instances  are  correctly 
attributable  to  these  sources. 

3.  In  design,  with  hammered  iron,  we  are  practically  limited  to 
the  rectangular  section,  whereas  with  cast  steel  it  may  be  molded 
to  meet  the  most  exacting  conditions. 

In  these  days,  with  the  demand  for  greater  power  in  proportion 
to  weight,  the  doing  away  with  the  dead  load  and  transferring  its 
equivalent  parts  where  it  may  be  of  value,  viz.,  boilers  and  cylin- 
ders, this  feature  points  to  a  more  extended  use  of  material  in  the 
future. 

Raised  bosses  at  parts  which  need  to  be  finished  reduce  this  por- 
tion of  the  cost  a  considerable  extent,  such  being  applicable  to  all 
designs  in  steel,  irrespective  of  the  section.  If.  as  is  believed  by 
some,  the  outer  unfinished  section  of  a  steel  casting  i^  stronger  than 
the  interior,  a  sub-advantage  is  also  secured. 

Analyzing,  we  know  that : 

1.  A  web  section  gives  us  higher  moments  of  inertia  per  unit 
weight  than  any  other. 

2.  A  frame  casting  is  such  that  the  use  of  coring  must  be  elim- 
inated, else  first  cost  will  be  excessive,  with  possibilities  of  shifted 
cores. 

3.  The  second  condition  reduces  the  number  of  available  web 
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sections  to  channel  and  I  sections.  When  we  consider  the  problem 
of  molding,  with  shiinlsage  effects,  the  latter  seems  decidedly  the 
more  desirable  of  the  two.  The  comparative  thinness  of  the  I 
casting  allows  of  a  ready  and  careful  examination  by  the  inspector, 
whereas  with  the  rectangular  section,  ofttimes  the  outer  surface 
covers  a  multitude  of  sin-s.  discovered  only  when  failure  of  part 
discloses  interior  honeycombing.  Hence,  while  of  higher  {actor 
of  safety  if  sound,  the  uncertainty  of  the  material,  for  above  reason, 
favors  the  I  section. 

Lack  of  time  pi'events  a  more  exhaustive  treatise  of  the  subject, 
which  many  others  could  treat  to  better  advantage  than  the  writer, 
yet,  while  limited  in  its  scope,  four  ends  are  sought,  the  accom- 
plishment of  which  marks  the  attainment  of  the  purpose  of  the 
paper,  viz. : 

1.  The  advancement  of  the  design  of  the  locomotive  as  made 
by  a  rational  method  of  frame  design. 

2.  The  presentation  of  the  necessity  for  more  than  one  set  of 
specifications  to  govern  the  cast  steel  as  used  on  the  locomotive 
and  tender. 

3.  The  adoption,  if  possible,  of  standard  sets  of  specifications 
for  cast  steel  on  all  roads,  reducing  the  problem  of  production  to 
the  manufacturer  to  a  minimum. 

4.  Awakening  of  a  discussion  as  to  whether  or  no  we  do  well 


of  this  sort  that  it  does  not  take  any  account  of  the  relative 
value  of  heating  surface.  A  well  designed  boiler  may,  under 
similar  conditions,  be  capable  of  evaporating  considerably  more 
water  per  square  foot  of  heating  surface  than  can  a  poorly 
designed  boiler."  This  at  once  raises  the  question,  "What 
constitutes  a  well  designed  boiler?"  This  is  one  of  the  most 
important  questions  of  locomotive  practice  to-day. 

There  seems  to  be  a  very  great  difference  in  effectiveness 
of  heating  surface  in  different  locomotives.  For  example,  two 
well-known  passenger  locomotives  in  Mr.  Fry's  list  which  are 
of  the  same  type,  of  almost  the  same  total  weight,  and  in  appar- 
ently similar  service,  have  not  by  any  means  the  same  heating 
surface.  In  fact  one  has  33  per  cent,  more  than  the  other. 
Both  steam  freely  and  both  do  good  work.  These  two  locomo- 
tives represent  entirely  different  ideas  in  design.  One  stands 
for  a  selection  of  an  amount  of  heating  surface  which  will  flt 
the  other  factors  of  design  in  accordance  with  ratios  or  rela- 
tionships which  have  been  found  satisfactory  in  previous 
classes  of  engines.  The  other  locomotive  stands  for  the  max- 
imum heating  surface  which  could  be  provided.  This  shows  a 
difference  of  opinion   which   seems   remarkable.     For   several 
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in  adliering  to  the  rectangular  section,  or  will  the  more  exacting 
conditions  soon  to  be  met  mark  its  passing  to  some  other  form? 


COMBINATION   DINING    CAR    AND    COACH. 


Canadian  Northern  Railway. 


Through  the  courtesy  of  the  mechanical  officers  of  this  road  a 
floor  plan  of  one  of  their  new  combination  dining  cars  has 
been  received.  In  a  70-ft.  car,  besides  seating  accommodations 
tor  40  persons  in  the  coach  seats,  room  is  found  for  12  table 
seats,  a  9ft.  kitchen  and  a  4-ft.  6in.  pantry.  These  cars  were 
designed  to  run  west  of  Winnipeg,  where  the  country  is 
sparsely  settled  and  yet  where  dining-car  service  is  required. 
By  means  of  these  cars  an  extra  coach  on  a  train  and  the 
expense  of  large  and  heavy  dining  cars  are  saved.  The  draw- 
ing show-s  the  disposition  of  the  floor  space. 


THE    PROPORTIONS  OF   MODERN   LOCOMOTIVES. 


Those  who  are  interested  in  the  development  of  the  Ameri- 
can locomotive  should  procure  copies  of  the  paper  read  last 
month  before  the  New  York  Railroad  Club  by  Mr.  L.  H.  Fry. 
It  records  a  painstaking  comparison  of  over  250  locomotives 
with  respect  to  the  factors  of  adhesion,  steam  consumption, 
combustion  conditions  and  efflciency  of  design.  Mr.  Fry  has 
placed  before  the  club  the  complete  record  of  his  work  in  this 
connection,  which  was  concisely  summarized  in  his  article  in 
this  journal  last  June.  From  this  paper  the  tendencies  in 
modern  design   may  be   intelligently  studied. 

While  it  is  impossible  to  draw  definite  conclusions  from 
averages  derived  from  individual  locomotives  between  which 
wide  variations  exist,  the  classification  used  in  the  tables  per- 
mits of  more  valuable  comparisons  than  were  possible  before. 

Mr.  Fry,  in  discussing  his  "BD"  method  of  comparing  loco- 
motives by  the  ratio  of  tractive  effort  multiplied  by  the  diam- 
eter of  driving  wheels  and  divided  by  the  heating  surface  (de- 
scribed in  his  article  in  this  journal  in  October.  1902,  page 
313),  says:    "The  objection  may  be  made  to  the  use  of  a  factor 


years  the  good  work  done  by  foreign  locomotives,  especially 
French,  with  heating  surfaces  much  smaller  than  ours,  has 
caused  comment.  It  is  unquestionably  true  that  a  boiler  can- 
not have  too  much  heating  surface,  providing  it  is  all  effective, 
but  there  is  reason  to  raise  the  question  whether  free  circula- 
tion has  not  in  many  cases  been  sacrificed  in  order  to  secure 
large  surfaces.  Where  to  draw  the  line  between  circulation 
and  heating  surface  is  sl^iice  question  and  one  which  Is  now 
being  earnestly  studied  by  those  who  are  having  the  most 
trouble  with  boilers.  It  is  to  be  hoped  that  the  trial  of  a 
French  locomotive,  soon  to  be  carried  out  in  this  country,  will 
throw  some  light  on  this  subject. 

While  the  averages  drawn  by  Mr.  Fry  show  rather  uniform 
general  tendencies,  such  individual  differences  as  those  men- 
tioned stand  out  prominently  enough  to  indicate  that  a  great 
deal  yet  remains  to  be  learned  with  reference  to  boiler  pro- 
portions. The  figures  in  the  paper  referred  to  should  be 
plotted  and  the  locomotives  representing  the  high  and  low 
points  in  the  curves  should  be  compared  as  to  performance. 
Road  tests  of  a  half-dozen  passenger  and  perhaps  a  less  num- 
ber of  freight  engines,  under  suitable  and  similar  conditions. 
could  be  made  without  great  expense.  It  seems  strange  that 
some  big  railroad  does  not  undertake  to  learn  the  facts  which 
are  so  greatly  needed. 


There  is  a  rapidly  growing  sentiment  in  favor  of  the  use  oi 
alternating-current  apparatus  for  the  electrical  equipment  of 
railroad  repair  shops,  as  this  type  has  many  valid  claims  over 
direct-current  apparatus,  and  the  rapid  Introduction  of  prac- 
tical mechanical  variable  speed  mechanism  or  t\e  use  of 
magnetic  clutch  speed  changes  makes  the  indut'  o  motor  as 
flexible  and  available  for  variable  speed  as  the  direct,  current 
motor.  The  principal  advantage  of  the  alternating-current 
system  Is  the  high  working  voltage  possible,  and  corresponding 
economy  In  weight  of  wire,  with  long  distances.  The  electric 
requirements  of  most  railroads  in  their  new  power  stations  for 
BhopB  Involve  electric  lighting  for  distant  stations  and  yards, 
and  a  high  voltage  is  necessary  under  sue  h  couditions. — L.  R. 
Pomeroy. 


ocTOBEB.  1903.     AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.  367 


COMPARISON     OF     HEADLIGHTS:     OIL,    ACETYLENE 
AND    ELECTRIC. 


Thp  following  figures  and  statement  were  presented  hy  Mr. 
Wm.  Mcintosh  in  a  topical  discussion  before  tlie  recent  con- 
vention of  the  Master  Mechanics'  A.ssociation. 

It  appears  that  of  the  41,300  locomotives  in  the  United 
Slates,  fully  37,450  still  retain  the  oil  lamp  and  ordinary 
planished  reflector  for  headlights.  About  3,200  have  electric 
headlights,  using  the  ordinary  reflector,  and  generating  elec- 
tricity with  small  steam  motors  of  the  reciprocating  or  turbine 
type — the  latter  rapidly  coming  into  favor. 

There  are  some  1,050  acetylene  generators  now  in  use  for 
generating  gas  for  locomotive  headlights,  which  are  usually 
equipped  with  the  regulation  sheet  iron  case  and  planished 
reflector,  the  remainder  with  what  is  known  as  the  "Lens 
Mirror"  or  "Searchlight  Reflector,"  which  is  much  smaller 
than  the  planished  reflector,  and  vastly  more  powerful  and 
reliable,  occupying  a  much  smaller  casing,  which  is  usually 
formed  cylindrically,  and  therefore,  much  more  compact  and 
durable.  The  reflector  itself  being  of  glass,  and  practically 
indestructible,  requires  only  occasional  wiping  off  to  be  in 
condition  for  service  indefinitely.  It  would  seem  probable 
that  with  these  advantages  it  should  soon  succeed  the  old  type 
of  lamp. 

The  old  oil  lamp  when  compared  with  the  new  types  of 
acetylene  and  electric  headlights,  cost  much  less  for  its  supply 
of  oil  than  the  others  do  for  carbide  or  steam,  yet  when  the 
costs  of  operating  it  are  counted  carefully,  including  cleaning 
material,  wicks,  chimneys,  and  burners,  with  the  frequent 
losses  from  burning  up,  does  not  prove  to  be  so  economical 
after  all;  and  it  falls  far  behind  in  the  candle  power  of  either 
acetylene  or  electricity,  and  failing  also  in  reliability. 

Acetylene  gas,  while  costing  more  for  its  carbide  than  oil, 
does  not  require  chimneys,  nor  expensive  burners  with  wicks, 
and  gives  out  several  times  the  candle  power  of  the  best  type 
of  oil  burning  headlight,  without  bringing  out  criticism  of  its 
intensity. 

The  electric  headlight  is  more  expensive  in  the  line  of  first 
cost;  also  in  maintenance,  owing  to  the  motor  and  dynamo 
required  to  generate  the  current,  and  the  amount  of  steam 
needed  to  operate  it.  The  intensity  of  the  light  thrown  out 
is  objected  to  by  some  on  account  of  the  glaring  properties, 
and  tendency  to  affect  the  vision  of  engineer's  approaching  it; 
while  others  claim  that  these  features  are  not  seriously  ob- 
jectionable, and  the  advantages  far  outweight  them. 

Below  are  presented  some  data  regarding  cost  of  maintain- 
ing the  oil  lamp  in  comparison  with  the  electric  and  acety- 
lene lights. 

One  road  reports  the  cost  of  maintaining  450  engines  with 

ordinary  headlights  for  a  period  of  one  year  as  follows: 

Number  Average 

of  Total  Oost 

Name  of  Parts.                                                Parts.  Cost.       per  Engine. 

New    headlights,    complete 63  $1,249.50  $2.76 -f 

New    interiors    36  408.00  .91 

New   burners    138  293.70  .65 

New   cases    6  7.00  .02  — 

Reflectors   replated   and   required 268  815.54  1.81  + 

Buttons  and  other  small  repair  parts 55.00  .12  4- 

Chimneys    6.396  533.00  1  18 

Wicks    1.056  .      21.56  .05 

Glasses    204  91.71  .20  + 

Cleaner    (boxes)     1.074  208.80  .46  -|- 

Labor  and  material,  repairs 286.66  .64 

Grand   total    $3,970.47  $8.82 

The  above  road  reports  the  comparative  cost  of  operating 

oil  and  acetylene  lights  so  far  as  the  light  producing  medium 

is  concerned  as  follows: 

With  kerosene  oil.  at  7%  cts.  per  gallon  in  tank  lots,  and  with  car- 
bide at  3^  cts.  per  pound  in  100-lb.  lots: 

Cost  of  oil  light  per  hour 33-100  cts. 

Cost  of  acetylene  light  per  hour 58-100  cts. 

In  presenting  this  statement  it  was  suggested  that  a  con- 
siderable saving  could  be  effected  by  substituting  the  acetylene 
for  the  oil  headlight,  because  of  the  possibility  of  eliminating 
a  number  of  extras,  not  required  with  acetylene,  but.  used  in 
connection  with  oil  lights,  as  follows: 


Keplating  reflectors    $815.54 

iuittuns  and  other  amall  parts 55.00 

cbjiiiueyii    533.00 

WIckB    21.56 

Cleaner    208.80 

Total     $1,633.90 

Another  road  reports  teats  covering  oil,  acetylene,  and  three 

different   types   of  electric   headlights  as   shown    in   the   total 

below: 

With  coBt  of  kerosene  14 '/j  cts.  per  gallon,  and  with  coBt  of  carbide 
5  cts.  per  pound  : 

Cost  Relative 

per  1,000  Value 

Kind  of  Light.                                         Engine  Miles,  of  LIgbt. 

Coal   oil    1844  eta.  1 

Acetylene    4688  eta.  8 

Klrst — electric 2821  cU.  50 

Second — electric 7109  cts.  50 

Third— electric    2533  cts.  50 

This  comparison  is  made  on  the  basis  of  16  hours  light  per 
1,000  engine  miles. 

In  summing  up,  it  is  apparent  that  the  oil  burning  headlight 
has  had  its  day,  and  must  give  way  to  better  devices.  It  is  an 
awkward  affair  at  best,  with  its  large  housing  shaking  loose, 
and  front  glass  that  is  often  breaking;  its  abnormal  rapacity 
for  using  up  chimneys,  and  wicks;  the  frequency  of  replenish- 
ing the  reflector;  the  number  of  leaks  that  occur  in  its  attached 
oil  reservoir  and  connections;  the  fires  that  oiten  develop, 
resulting  in  the  burning  up  of  the  entire  apparatus,  and  the 
care  required,  in  the  way  of  trimming  and  cleaning — these  all 
combine  to  add  to  its  unpopularity. 

In  former  days  when  every  locomotive,  like  Goldsmith's 
rood,  maintained  its  man,  or  regular  engineer,  the  oil  lamp 
received  the  care  and  attention  required  to  keep  it  in  service- 
able condition;  but  in  these  days  of  pooling  and  double  crews, 
it  is  neglected,  and  generally  presents  a  dilapidated  appear- 
ance. It  will  be  claimed,  and  truly,  that  the  acetylene  and 
electric  lamps  also  require  attention  and  renewals;  but  if 
supplied  with  "lens  mirror  reflectors,"  of  the  regulation 
diameter,  and  correspondingly  small  housings,  which  can  be 
constructed  on  cylindrical  lines,  and  largely  of  malleable  or 
cast  iron,  furnishing  the  rigidity  and  endurance  required, 
much  better  results  should  be  obtained.  The  relative  cost  of 
the  different  types  of  headlights  might  be  approximated  at 
$:i5  for  the  oil  lamp,  $100  for  acetylene,  and  $200  for  the 
electric.  And  careful  records  will  show,  that  but  little,  if  any, 
economy  will  follow  the  use  of  the  oil  lamp,  while  the  effi- 
ciency is  largely  in  favor  of  electric  or  acetylene. 

INTERNAL    COMBUSTION    ENGINES, 

Confidence  in  gas  engines  is  constantly  increasing.  Ten 
years  or  so  ago  the  writer  witnessed  a  test  wherein  the  makers 
of  the  engine  were  called  in  order  to  insure  the  operation  of 
the  machine  for  a  sufficient  time  to  permit  of  taking  the  de- 
sired number  of  indicator  cards.  Now  we  may  point  to  the 
fact  that  the  City  of  Philadelphia  is  to  rely  entirely  upon  gas 
engines  for  the  purpose  of  a  new  emergency  fire  system  for 
the  business  district  of  the  city.  In  England  continuous  runs 
of  138  days  have  been  made  by  a  gas  engine  without  stopping. 

In  his  paper  on  internal  combustion  engines  read  before  the 
iwaster  Mechanics'  Association,  Mr.  Sanderson  expressed  the 
opinion  that  if  the  gas  engine  had  begun  its  development  be- 
fore the  steam  engine,  the  latter  would  not  have  been  developed 
at  all.  He  is  probably  safe  in  this  statement,  for  the  gas 
engine  has  now  attained  an  efficiency  of  operation  which  is 
higher  than  the  theoretically  perfect  performance  of  steam. 

The  introduction  of  the  subject  before  the  Master  Mechanics' 
Association  is  timely,  and  one  does  not  need  to  be  an  enthusi- 
ast to  clearly  see  the  necessity  for  closely  watching  this  re- 
markable progress.  Leaving  out  of  account  the  possible  future 
application  of  the  internal  combustion  engine  to  direct  trans- 
portation, it  has  a  sufficient  field  in  other  lines  connected 
with  railroad  work  now  that  the  electric  generator  has  become 
a  necessity. 

It  would  be  a  pity  if  the  woeful  loss  of  life  in  the  recent 
Paris-Madrid  motor  car  race  should  leave  no  trace  of  useful 
effect.     From   that   fool-hardy   performance   mav   be   seen   the 
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possibility  of  running  a  70-h.  p.  motor  car  a  distance  of  342 
miles,  over  ordinary  public  roads,  in  5  hours.  13  minutes,  on 
an  average  speed  of  about  66  miles  per  hour,  which  is  the 
average  schedule  speed  of  the  "Atlantic  City  Flier,"  for  a 
distance  of  55  miles.  That  this  can  be  accomplished  with 
these  machines  entitles  the  principle  which  they  represent  to 
attention  as  a  possible  factor  in  heavier  transportation  service. 
Speeds  close  to  90  miles  per  hour  are  already  recorded  for 
motor  cars.  Some  recent  ones  have  been  equipped  with  motors 
of  110  h.  p.  In  the  race  referred  to,  an  ordinary  touring  car 
made  the  run  of  342  miles  at  an  average  speed  of  38  miles  per 
hour,   when   fully   loaded   with   passengers. 

Without  venturing  a  prediction  in  this  connection  the  facts 
mentioned  sufficiently  justify  the  conclusion  that  the  internal 
combustion  engine  is  sure  to  occupy  a  place  which  cannot  be 
filled  by  the  steam  engine. 

In  the  matter  of  shop-power  plants,  especially  where  forg- 
ing work  is  to  be  done,  the  time  has  arrived  for  considering 
gas  producers  and  gas  engines. 


METALLIC    PACKING. 


Motive  power  officers  who  are  not  having  trouble  with  piston 
rod  and  valve  stem  packings  are  exceptional.  Packing  is  blow- 
ing, literally  from  one  end  of  the  country  to  the  other,  and  the 
situation  has  become  serious  when  wrecks  occur  because  the 
leakage  of  steam  obscures  the  view  of  engineers.  It  is  expen- 
sive to  renew  metallic  packing  on  a  locomotive  20  times  in  60 
days,  but  this  is  being  done.  It  is  even  impossible  tor  these 
officers  to  fully  appreciate  how  this  subject  is  neglected  by  their 
own  people  and  will  not  credit  it  until  they  are  forcibly 
bi ought  in  contact  with  it.  A  little  systematic  care  will  save 
thousands  of  dollars  in  wear  on  piston  rods,  valve  stems  and 
packing  rings.  It  is  no  more  trouble  to  keep  piston  rods  and 
valve  stems  steam  tight  than  many  other  parts  of  the  engine, 
yet  they  seem  to  cause  more  trouble  than  all  the  rest  com- 
bined. The  same  packing  used  upon  marine  engines  is  abso- 
lutely steam  tight,  and  it  can  be  kept  so  on  locomotives. 

Probably  higher  steam  pressures  and  increased  severity  of 
service  which  allows  but  little  time  for  work  at  roundhouses 
accounts  for  some  of  the  trouble.  The  pooling  system  has 
tended  to  remove  the  factor  of  personal  interest  in  their  en- 
gines on  the  part  of  the  engineers,  and  in  the  old  days  of 
fibrous  packing  the  men  who  ran  the  engines  gave  packing  the 
frequent  and  faithful  attention  which  it  needed. 

Nowadays,  the  metallic  packing  comes  in  neat  packages 
ready  to  be  thrown  into  place,  and  it  is  no  one's  special  busi- 
ness to  see  that  it  hits  the  mark,  that  it  fits  the  cup  and  the 
rod  and  that  it  receives  the  proper  amount  of  the  right  kind 
of  lubricant.  Light  engine  oils  are  often  used,  and  these  do 
not  stand  the  heat  of  the  steam.  Valve  oil  or  some  lubricant 
which  will  not  evaporate  or  blow  off  is  needed.  In  California 
crude  fuel  oil,  which  resembles  tar,  has  been  used  successfully. 
In  some  places  no  oil  whatever  is  used. 

Some  roads  do  not  bore  out  the  packings  at  all,  others  do 
not  fit  it  to  the  rods,  and  as  it  is  supposed  to  be,  to  a  certain 
extent,  self-adjusting,  the  fitting  is  sadly  neglected.  They  even 
contend  that  packing  rings  as  they  leave  the  mold  without 
being  machined  are  as  good  as  those  machined.  Why  do  not 
these  same  people  contend  that  it  is  unnecessary  to  bore  a 
cylinder  or  turn  a  piston?  No  wonder  it  leaks.  Piston  and 
valve  rods  should  be  ground  accurately  and  not  filed.  They 
should  be  fitted  up  to  definite  sizes  and  the  packing  bored  to 
suit.  The  cups  should  be  fitted  accurately  to  gauges  and  great 
care  used  to  finish  the  sets  of  packing  so  that  they  will  fit. 
This  is  a  matter  of  grave  importance,  and  the  situation  abso- 
lutely requires  the  attention  of  specialists  who  have  made  a 
study  of  packing  and  may  be  held  responsible  for  the  practice 
of  an  entire  road.  Such  men  should  study  their  specialty  at 
the  works  of  the  packing  manufacturer  and  apply  a  systematic 
method  at  all  roundhouses.  There  is  no  other  way  to  fix  this 
situation  which  is  neither  safe  or  creditable.  "Rod  packing 
cannot  be  satisfactorily  handled  with  a  shovel."  Worse  trou- 
bles than  this  have  been  overcome  and  "motive  power  officials 
will   not  long  be  excused    for  the  neglect   of   this   problem." 


These  are  the  words  of  a  well-known  railroad  officer.  If  metal- 
lic packing  is  given  a  fair  chance  it  will  do  all  that^s  required 
of  it.  The  fact  that  there  is  a  turning  back  a  quarter  of  a  century 
toward  fibrous  packings  and  that  this  is  spoken  of  seriously 
as  a  remedy  of  present  difficulties  is  a  severe  comment  upon 
the  situation. 


ENCOURAGE    THE   WATER-TUBE    LOCOMOTIVE 
BOILER    INVENTION. 


Locomotives  may  yet  be  fitted  with  water-tube  boilers.  This 
type  of  boiler  offers  special  advantages  for  locomotive  service 
and  these  are  sufficiently  important  to  justify  every  encour- 
agement to  those  who  are  seeking  to  find  a  satisfactory  way 
to  design  one. 

In  marine  service  it  is  held  that,  aside  from  the  destruct- 
iveness  of  corrosion,  the  life  of  a  Scotch  boiler  varies  in  inverse 
ratio  to  the  number  of  times  steam  is  raised.  A  water-tube 
boiler  is  not  subjected  to  such  severe  distress  from  this  cause 
and  its  parts  are  free  to  adjust  themselves  to  rapid  changes 
in  temperature.  In  the  locomotive  boiler  we  have  an  aggra- 
vated case  of  distress  because  of  frequent  and  even  violent 
changes  of  temperature,  to  which  a  large  proportion  of  boiler 
difficulties,  especially  the  leakage  of  tubes,  is  undoubtedly  due. 

As  to  the  matter  of  rapid  steam  raising  with  water-tube 
boilers,  the  following,  from  a  paper  by  Mr.  Wm.  A.  Kairburn, 
read  before  the  Society  of  Naval  Architects  and  Marine  Engi- 
neers, is  noteworthy: 

"The  Babcock  &  Wilcox  boiler,  of  a  small  tube  type,  in 
H.  M.  S.  Sheldrake,  when  tested  by  the  British  Admiralty, 
gave  the  following  results:  Steam  raised  to  working  pressure 
from  water  at  70  degs.  in  23  minutes.  Period  of  time  from 
fires  being  drawn  and  water  blown  out  to  drawing  tubes,  24 
minutes. 

"Representatives  from  the  United  States  Navy  Department, 
when  making  a  test  of  the  Babcock  &  Wilcox  boiler  built  for 
U.  S.  S.  Alert,  found  that  the  working  pressure  of  the  boiler, 
225  lbs.,  was  reached  26%  minutes  after  the  fires  were  lighted. 
With  a  similar  boiler  built  for  the  U.  S.  S.  Cincinnati,  215  Ihs. 
steam  pressure  was  obtained  in  12  minutes  and  40  seconds 
after  the  fires  were  started." 

Such  rapidity  of  "firing  up"  would  be  appreciated  to-day  in 
the  roundhouse.  As  to  boiler  pressures,  the  author  of  this 
paper  says  that  there  is  practically  no  limit  to  the  pressure 
that  may  be  carried  in  a  water-tube  boiler.  If  the  pressure 
becomes  very  excessive,  the  size  of  steam  drum  may  ultimately 
have  to  be  decreased  and  unusually  powerful  bending  rolls 
built  for  shaping  these  small  heavy  drum  plates.  At  the  pres- 
ent time  the  tendency  is  to  increase  the  volume  of  the  steam 
and  water  spaces  in  these  boilers  by  using  larger  drums  than 
was  the  custom  a  few  years  ago.  The  present  proportions 
could,  without  difficulty,  be  adopted  for  any  working  pressure 
up  to  500  lbs.  Therefore,  at  the  present  time  the  limit  to  the 
practicable  high  working  pressure  is  determined  by  the  en- 
gines. A  Scotch  boiler  of  moderate  size  for  large  steamship 
work,  say  16  ft.  diameter,  built  for  a  working  pressure  of  250 
lbs.,  will  require  a  shell  1%  ins.  thick,  and  the  rivets  will  be 
so  large  that  only  hydraulic  machinery  of  very  massive  type 
can  drive  them.  If  a  boiler  of  this  size  was  intended  for  300 
lbs.  working  pressure,  the  shell  would  be  about  2%  ins.  thick. 
This  suggests  the  possibility  of  a  great  saving  in  weight  in 
the  water-tube  type  if  it  can  be  applied  to  the  locomotive. 


Put  to  the  fresh  college  graduate  the  problem  of  the  amount 
of  distance  to  be  left  between  the  conductors  of  a  high-tension 
transmission  line.  His  answer  will  involve  most  likely  the 
jumping  distance  of  the  voltage  to  be  used,  the  length  of  span, 
the  sag,  and  perhaps  a  liberal  factor  of  safety.  It  is  experi- 
ence only  that  will  show  that  his  premises  are  wrong  and 
that  the  equation  to  determine  spacing  of  high-tension  wires 
depends  very  little  on  the  voltages  to  be  carried  and  almost 
entirely  on  such  things  as  the  average  length  and  ohmic  re- 
sistance of  cats,  the  spread  of  wing  of  owls  and  cranes  and 
eagles,  and  the  average  length  of  scrap  baling  wire,  together 
with  the  strength  of  the  average  small  boy's  throwing  arm. — 
P.  M.  Lincoln,  before  the  Canadian  Blectrical  Association. 
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A    NOVEL  APPLICATION   OF   ELECTRIC    DRIVING  TO 
A    QUARTERING    MACHINE. 


Mexican  Centrai.  Railway. 


The  engraving  presented  below  illustrates  an  Interesting 
new  design  of  mounting  electric  motors  for  driving  a  quar- 
tering machine.  Special  features  are  incorporated  which 
make  the  drive  a  model  for  simpliiity,  while  it  is  also  a  rad- 
ical departure  from  previous  methods  of  driving  tools  of  this 
kind. 

This  tool  is  an  85-in.  quartering  machine  (interchangeable 
for  quartering  for  right  or  left  hand  load),  recently  built  by 
the  Bement,  Miles  &  Co.  works  of  the  Niles-Bement-Fond  Com- 
pany, New  York,  for  the  Mexican  Central  Railway.  It  is  to 
be  Installed  at  the  new  shops  of  this  road,  which  will  soon 
be  completed  at  Aguas  Calientes,  an  important  division  point 
8t)0  miles  south  of  the  El  Paso,  Tex.,  terminal  and  585  miles 


The  most  Important  feature  of  this  design  of  arlvlng  is  the 
provision  for  changing  around  for  quartering  with  left  instead 
of  right  hand  lead.  In  either  case  the  motor  is  located  on  the 
inclined  ways  on  the  opposite  sido  of  the  head  from  the  boring 
spindle  which  it  drives.  In  changing  the  tool  over,  the  posi- 
tions of  the  motor  and  supporting  block,  and  the  boring  spindle 
with  its  fixtures  are  merely  reversed;  this  is  accomplished 
by  turning  both  the  motor  block  and  the  splndle-bearing  block 
upside  down  and  bolting  to  the  ways  on  the  other  side,  each 
being  so  constructed  as  to  fit  on  thg  inclined  ways  with  either 
side  up.  In  this  way  the  relative  locations  and  principal 
dimensions  of  the  drive  arc  not  altered. 

The  effect  of  this  design  of  drive  is  to  make  a  much  more 
compact  arrangement  than  is  usual  where  the  motor  is  located 
elsewhere  on  the  head.  An  idea  of  the  neatness  and  simplic- 
ity effected  by  this  arrangement  may  be  gained  from  reference 
to  the  84-in.  motor-driven  quartfring  machine  In  use  at  the  Col- 
linwood  shops  of  the  Lake  Shoie  &  Michigan  Southern,  which 


A  NEVy  DESIGN  OF  ELECTRIC  PRIVINCl  FOR  A  QUARTERING   MACHINE.        DRIVEN    BY    A    Sli-H.P.    CONSTANT-SPEED    CROCKER-WHEELER     MOTOR 

UPON    EACH    HEAD. 


north  of  Mexico  City.  In  these  new  shops,  which  are  notable 
for  the  use  in  their  power  plant  of  De  Laval  steam  turbines 
driving  Milwaukee  direct-current  generators,  generous  pro- 
vision has  been  made  for  the  use  of  electric  driving.  A  three- 
wire  system  of  distribution  is  delivering  250  volts  for  light- 
ing circuits  and  500  volts  for  power  for  operating  the  drives. 
Some  interesting  motor  driving  equipments  are  to  be  installed, 
of  which  this  outfit  is  representative. 

The  machine  is  driven  individually  at  each  head  by  Si/i-h.p. 
constant-speed  motors  built  by  the  Crocker-Wheeler  Company, 
Ampere,  N.  J.  The  mountings  for  the  drives  are  unusually 
interesting.  Each  motor  rests  upon  a  triangular-shaped  block, 
arranged  to  slide  on  the  inclined  ways  of  the  heads.  This 
block  also,  by  means  of  an  extended  sleeve,  serves  as  a  bearing 
support  for  the  back  shaft,  which  is  driven  directly  from  the 
motor  pinion.  Power  is  delivered  from  this  intermediate  shaft 
to  the  spindle  drive  at  a  considerable  speed  reduction  through 
a  Renold  silent  chain  in  either  case.  These  chains  are  very 
easily  tightened  by  merely  lowering  the  motor  blocks  by 
means  of  the  adjusting  screws  shown. 

The  tool  is  designed  for  quartering  and  boring  crankpin 
holes  in  driving  wheels  up  to  SO  ins.  in  diameter  on  the  tread. 
The  usual  centers  are  provided  for  centering  the  axles,  as 
well  as  also  the  vertically  adjustable  V-blocks  for  supporting 
them,  and  to  which  the  wheels  are  clamped.  The  boring  spin- 
dles have  15  ins.  traverse,  and  are  provided  with  two  changes 
of  power  feed,  which  are  controlled  by  the  clutch  handle  at 
the  rear  of  the  chain  drive. 


was  illustrated  on  page  45  of  our  February  issue.  In  this 
case  the  motor  is  mounted  upon  a  bracket  at  the  rear  of  the 
head,  and  the  complication  necessary  to  render  the  tool  re- 
versible is  apparent 


YOUNG  MAN'S  CHANCES  TO-DAY. 


A  young  man  of  capacity,  industry  and  integrity  has  a  field 
for  individual  effort  such  as  has  never  before  existed  in  this 
country,  says  Edward  Bok.  And  success  is  neither  harder  nor 
easier  than  it  ever  was.  Success  never  yet  came  to  the  lag- 
gard, and  it  never  will.  His  success  depends  upon  himself. 
No  times,  no  conditions,  no  combinations  of  capital  can  stop 
a  young  man  who  has  a  determination  to  honorably  succeed, 
and  who  is  willing  to  work  according  to  the  very  utmost  of 
his  capacity  and  sinews  of  strength.  The  real  trouble  is  that 
the  average  young  man  won't  work.  He  has  gotten  the  Insane 
notion  into  his  head  that  success  comes  by  luck;  that  men 
are  made  by  opportunities  which  either  come  to  them  or  are 
thrust  upon  them.  And  he  waits  for  luck  or  a  chance  to  come 
along  and  find  him.  Instead  of  taking  a  sane  view  of  condi- 
tions and  seeing  with  a  clear  mind  that  as  trade  widens  oppor- 
tunities increase,  he  takes  the  mistaken  view  that  the  rich  are 
getting  richer  and  the  poor  poorer.  These  are  the  conditions 
of  mind  and  life  which  are  keeping  thousands  of  young  men 
down,  and  will  keep  them  down.  The  times  are  all  right.  It 
is  the  young  man  who  finds  fault  with  them  who  is  not. — 
Graphite. 
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Nothing  has  appeared  in  connection  with  improvement  in 
passenger  car  construction  which  can  compare  in  importance 
with  the  new  suburban  equipment  of  the  Illinois  Central  Rail- 
road. Leaving  entirely  out  of  consideration  the  special  side- 
door  features  and  the  means  for  rapid  loading  and  unloading, 
the  cars  mark  an  introduction  of  new  ideas  which  must,  be- 
cause of  their  merit,  become  important  factors  in  the  future. 
Here  is  a  car  which  no  collision  is  likely  to  demolish;  one 
with  a  steel  frame  which  requires  no  wood  for  purposes  of 
adding  strength,  and  one  with  a  steel  floor  which  is  merely 
covered  with  a  carpet  of  wood.  It  needs  but  little  radical 
changing  to  make  it  an  all  steel  car  wnich  will  he  light, 
strong  and  fireproof.  It  now  weighs  61,400  lbs.  in  the  hody 
and  23,200  in  the  truclts  and  may  be  made  much  lighter  with- 
out sacrifice  of  strength.  It  is  not  said  that  this  is  a  perfect 
car.  It  is,  however,  a  step  in  the  direction  which  car  con- 
struction for  this  service  must  take  and  is  a  hopeful  indica- 
tion of  the  possibility  of  building  lighter  cars  which  will  be 
both  stronger  and  safer  than  can  be  obtained  with  prevailing 
methods  of  construction. 


Rapid  progress  is  being  made  in  the  use  of  gas  for  furnace 
heating  and  power  production  in  internal  combustion  engines. 
Mr.  Sanderson  directed  attention  to  the  possibilities  of  the 
internal  combustion  engine  in  his  paper  before  the  Master 
Mechanics'  Association  last  June.  As  a  matter  of  fact  greater 
progress  is  being  made  than  was  indicated  at  that  time.  At 
the  navy  yard  at  Portsmouth,  Va.,  gas  fuel  is  used  exclusively 
in  blacksmith's  work.  Another  good  example  of  similar  use 
is  to  be  seen  at  the  National  Tube  Works  at  Harrisburg,  Pa., 
and  still  another  at  the  works  of  the  Winchester  Repeating 
Arms  Company,  New  Haven,  Conn.,  where  every  forging,  from 
a  breech  of  a  5in.  gun  down  to  a  cartridge  ejector  for  a  pistol 
is  made  by  use  of  gas. 


A  New  York  concern  has  perfected  gas  plants,  making  gas 
from  cheap  fuel,  which  may  be  used  in  gas  engines  without 
gumming  them  up,  and  requiring  very  little  purification.  This 
process  also  supplies  a  gas  with  high  heating  value,  which 
gives  excellent  results  in  welding  operations.  Also  in  England 
a  well-known  manufacturer  of  gas  engines  is  now  bringing 
out  gas  producers  of  small  size  and  at  small  cost,  with  a 
view  of  operating  them  like  boilers  for  small  isolated  plants 


In  these  days  most  tools  are  bought  for  certain  definite  pur- 
poses. As  an  instance,  take  the  case  of  small  connecting 
rods,  for  which  it  will  be  decided  that  they  are  best  dealt  with 
in  a  taper  turning  lathe.  Now,  it  is  easy  to  calculate  the  exact 
length  of  time  it  should  take  to  turn  a  given  amount  of  sur- 
face. One  can  settle  upon,  say,  20  ft.  per  minute  cutting 
speed  with  a  feed  of  one-eighth  roughing  and  three-sixteenths 
finishing.  The  total  time  required  for  the  actual  machining 
will  be  the  maximum  efficiency  you  have  settled  upon.  When 
ordering  a  lathe  for  doing  this  work  why  should  you  not  have 
a  guaranteed  time  stated  by  the  maker?  Manufacturers  of 
certain  special  tools  do  advertise  to  sell  their  machines  on  some 
Buch  conditions,  but  the  practice  is  very  exceptional,  and 
most  tool  makers  absolutely  ignore  it.  Attention  paid  to  this 
question  of  time  efiiciency  would  do  a  great  deal  to  improve 
the  design  and  construction  of  many  tools. 


Readers  say,  "Your  paper  is  full  of  good  things  in  new  shops, 
but  tell  us  something  about  how  to  get  good  work  out  of  the 
old  tools  most  of  us  must  use."  Here  is  something  for  them: 
The  writer  found  a  Bement  &  Miles  cylinder  borer  which  has 
been  run  by  the  same  man  for  the  past  18  years,  and  he  is  still 
running  it.  It  bores  cylinders  from  24  to  42  ins.  in  diameter. 
A  new  foreman  was  appointed,  and  the  machine  hand  was  en- 
couraged to  show  what  the  old  machine  could  do  when  driven 
by  a  new  motor,  but  the  speed  of  the  boring  bar  has  not  been 
changed.  By  shrinking  %-in.  rings  on  two  of  the  feed  cones, 
by  using  the  former  finishing-cut  cone  for  roughing  ciits,  dis- 
carding the  former  slow-feed  cones  altogether,  and  by  using 
three  cutters  in  place  of  one,  he  now  sets  a  cylinder,  faces  off 
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the  ends,  bores  a  roughing  cut,  a  finishing  cut,  counterbores 
and  faces  off  the  flanges  in  three  hours.  For  17 Vi  years  the 
usual  time  for  exactly  the  same  work  was  14  hours.  The  man 
now  wants  a  10-h.p.  motor  instead  of  a  5-h.p.,  and  six  cutters 
instead  of  three.  He  told  the  writer  that  he  would  gladly 
"cut  the  time  in  two"  if  he  had  the  larger  motor  and  a  con- 
troller placed  within  reach,  instead  of  against  a  column  where 
he  must  talie  three  steps  to  reach  it.  Now  if  "something  hap- 
pens" the  cutters,  and  perhaps  also  the  cylinder,  are  gone  while 
he  takes  these  steps.  This  old  machine  is  rigid  and  fully  equal 
to  its  present  work.  It  makes  a  B-h.p.  motor  heat  up  to  a 
high  degree,  running  as  it  is.  The  roughing  cut  of  %  in.  ana 
5-16-in.  feed  goes  through  in  35  minutes.  The  cutting  speed  is 
25  ft.  per  minute  with  the  three  cutters  in  a  20-in.  cylinder. 
The  writer  timed  the  spindle  roughly  at  four  turns  per  minute. 


SHOPS  IN  DESERT  WASTES. 


In  the  matter  of  selection  of  location  for  new  railroad  shops, 
difficulties  have  arisen  which  are  as  intricate  as  they  are  im- 
portant, and  point  is  given  to  these  remarks  by  two  cases  in 
which  it  has  been  found  impossible  to  effect  a  satisfactory 
shop  organization  in  a  reasonable  time.  The  reason  is  that 
the  shops  have  been  built  without  sufficiently  considering  the 
labor  market  and  fine  new  plants  have  been  erected  upon 
desert  wastes  as  far  as  suitable  facilities  for  housing  the  men 
are  concerned.  If  it  is  desirable  to  locate  shops  at  points  re- 
mote from  large  cities  something  must  be  done  to  provide 
homes  for  the  men  or  the  best  and  steadiest  men  will  not  be 
had.  This  is  not  a  matter  of  sentiment — it  is  to  be  expected 
as  a  matter  of  course.  Railroads  are  sure  to  be  disappointed 
if  they  expect  good  men  to  fill  their  shops  and  remain,  steady 
and  loyal,  when  the  wages  are  less  than  those  of  manufac- 
turing establishments  and  when  they  must  necessarily  live  a 
long  distance  from  their  work.  The  question  of  wages  is  not 
now  under  discussion,  but  much  might  be  said  about  that. 
The  "shop  train"  does  not  solve  the  difficulty.  There  is  no 
one  thing  to  be  done  to  attract  and  keep  the  best  and  steadiest 
men,  but  there  are  many  factors  in  this  problem,  and  they 
have  not  yet  received  the  attention  they  deserve.  Those  who 
believe  that  shops  can  be  located  with  reference  to  the  con- 
venience of  the  road  itself  without  regard  to  the  human  prob- 
lem involved,  are  likely,  in  time,  to  discover  their  mistakes. 
Much  might  be  learned  in  this  connection  from  the  largest 
and  most  successful  industrial  establishments.  These  locate 
in  or  very  near  large  cities  or  they  in  some  way  make  it  pos- 
sible for  employees  to  live  comfortably  within  a  reasonable 
distance  of  the  works.  They  do  not  expect  water  to  "flow 
up  hill." 


BIG    LOCOMOTIVES    AND    THE    COMPOUND. 


BIG    LOCOMOTIVES. 


It  seems  to  be  sufficiently  demonstrated  that  for  business 
reasons  we  must  have  large  and  powerful  locomotives.  Whether 
they  are  popular  or  not,  we  must  have  them.  It  appears  alto- 
gether improbable  that  there  will  be  even  a  halt  in  the  devel- 
opment of  more  powerful  units,  and  there  can  be  no  backward 
movement,  so  firmly  is  the  big  engine  entrenched.  This  is  not 
a  matter  of  individual  opinion,  but  is  because  of  a  business 
development  in  transportation  which  has  brought  the  heavy 
train  and  the  enormous  ocean  liner.  It  is  a  part  of  the  appli- 
cation of  commercial  principles  to  railroad  transportation 
which  began  about  ten  years  ago.  Having  the  big  engine,  the 
problem   is — how  to  make  it  satisfactory. 

The  failures  of  big  engines  are  loudly  proclaimed.  They 
have  failed  in  some  ways.  They  have  exposed  many  weak- 
nesses, some  internal  in  matters  of  design  and  others  external, 
for  which  they  are  in  no  way  responsible.  Tractive  power 
ranging  from  40,000  to  57,000  lbs.  involves  great  forces,  neces- 
sitating good  design  and  most  careful  construction.  In  such 
large  units  difficulties  develop  which  have  never  been  serious 
Jn  small  ones,  and  therefore  entirely  new  problems  have  arisen. 


Those  who  have  already  done  so  much  for  the  locomotive  will 
not  now  hesitate  or  fail. 

It  seems  necessary  to  turn  toward  that  construction  which 
disposes  of  the  present  enormous  stresses  by  dividing  them 
up  among  a  larger  numljer  of  parts  which  may  be  made 
smaller  and  lighter  and  arranged  so  as  to  best  sustain  the 
stresses. 

One  of  the  external  weaknesses  now  brought  to  light  is  the 
inadequacy  of  even  the  best  roundhouses,  their  equipment  and 
efficiency  for  running  repairs.  The  pooling  system  on  many 
roads  came  simultaneously  with  heavier  locomotives  and  also 
other  changes  whereby  the  locomotive  was  deprived  of  the  in- 
terested individual  attention  of  the. men  who  ran  it.  This  and 
the  "prod"  system  of  operation  now  give  the  roundhouse  a  new 
importance  and  a  new  responsibility.  The  largest  engines  on 
some  roads  cannot  enter  the  roundhouses  at  all  because  of 
their  size.  They  are  sometimes  too  long  for  the  turntables 
and  require  Y  tracks  for  turning.  They  can  be  operated  only 
on  certain  districts  having  specially  heavy  rails.  In  other 
places  rails  have  been  turned  over  and  broken  and  bridges 
endangered.  Side  tracks  have  failed  to  contain  the  cars  and 
draft  gear  to  bear  the  strain  due  to  the  loads  big  engines  can 
pull.  Big  engines  have  also  exposed  weaknesses  in  the  offices 
of  train  dispatcher  and  superintendent.  An  old  6-in.  spout 
does  not  fill  a  7,000-gallon  tender  tank  as  quickly  as  one  of  4,000 
gallons.  Shops  without  heavy  cranes  cannot  lift  big  engines 
off  their  wheels  and  there  are  many  of  these  archaic  estab- 
lishments about  the  country.  In  short,  the  big  engine  is  about 
to  show  the  need  of  several  revolutions  in  railroad  operation, 
and  no  wonder  it  is  not  popular.  Nevertheless,  large  units  of 
locomotive  power  constitute  the  force  which  is  to  draw  the 
other  factors  of  operation  into  line  and  this  will  mean  more  in 
terms  of  net  earnings  than  any  other  influence  now  available. 

Railroad  owners  who  are  wise  will  meet  this  problem  imme- 
diately and  generously.  Motive  power  officers  who  are  to  do 
their  part  will  have  plans  ready  for  a  development  toward 
heavier  "power"  in  steps  which  will  not  swamp  the  other 
departments  and  will  be  prepared  to  recommend  definite  ad- 
vances as  often  as  warranted  by  their  special  conditions  of 
service.  Managers  who  are  wise  will  see  to  it  that  their  mo- 
tive power  departments  are  given  the  consideration  required 
or  they  will  soon  find  themselves  in  difficulties  because  of  lack 
of  motive  power  men  of  the  right  sort  to  deal  with  their  part 
of  the  problem.     This  question  needs  immediate  attention. 

Those  who  are  unwilling  to  properly  maintain  the  big  en- 
gines should  expect  them  to  fail,  and  they  will  surely  continue 
to  do  so.  Roads  having  many  large  engines  cannot  go  back- 
ward. They  are  fortunate  in  that  they  must  make  them  suc- 
cessful and  thus  become  leaders  in  economical  operation. 

THE    COMPOUND    LOCOMOTrVE. 

And  what  about  the  compound  in  this  connection?  Com- 
pounds are  usually  large  engines.  They  are  subject  to  all  the 
difficulties  faced  by  the  big  engine  and  more  also.  For  ex- 
ample, roundhouses,  roundhouse  forces,  shops  and  other  facili- 
ties which  are  inadequate  to  keep  up  simple  engines  are  less 
adequate  to  deal  with  compounds,  for  compounds  need  the 
"stitch  in  time"  a  little  oftener  than  simple  engines. 

If  railroads  discard  the  compound  It  will  be  only  a  short 
time  before  they  must  return  to  it,  and  they  will  also  find  it 
necessary  to  adopt  every  other  factor  which  will  give  in- 
creased capacity.  Leaving  out  of  account  the  fuel  saving  from 
the  standpoint  of  economy,  the  limit  to  the  physical  endurance 
of  the  fireman  will  necessitate  compounding.  If  automatic 
stokers  succeed  as  oil  burning  has  succeeded,  compounding 
will  be  necessary  in  order  to  reduce  the  forcing  of  boilers  and 
increase  the  life  of  fireboxes.  The  comi>ound  must  be  used 
because  it  will  haul  more  tons  than  a  simple  engine  and  do 
the  work  easier  with  less  forcing. 

The  compound  does  not  need  a  champion.  It  is  not  the  com- 
pound that  is  "in  the  balance,"  but  the  facilities  for  taking 
care  of  it  and  for  securing  the  advantages  which  it  is  ad- 
mitted cannot  now  be  had  by  any  other  device. 

A  careful  and  extensive  study  of  the  operation  of  heavy 
locomotives  under  present  conditions  leads  to  the  unqualified 
conclusion  that  the  large  locomotive  must  be  successful  and 
that  It  must  be  a  compound. 
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HEAVIEST  LOCOMOTIVE  EV£R  BUILT. 


2 — 10 — 2  Tyi'e,  Tandem  Compound. 


ATCHISON,    TOPEKA   &    SANTA   FE  RAILWAY. 


The  Baldwin  Locomotive  Works  are  delivering  70  new  loco- 
motives of  what  is  called  the  Santa  Fe  type  to  the  Atchison, 
Topeka  &  Santa  Fe  Railway.  These  are  the  heaviest  loco- 
motives ever  built,  their  total  weight  being  20,000  lbs.  more 
than  that  of  the  2 — 10 — 0  type  for  this  road  illustrated  on 
page  192  of  our  June  number  of  19o2.  These  new  loco- 
motives merit  a  complete  detailed  description,  which  will  be 
presented  in  the  next  issue  of  this  journal.  The  following 
table  includes  the  chief  characteristics  of  this  remarkable 
design: 

SANTA  FE  TYPE  FREIGHT  LOCOMOTIVE. 

ATCHISON,    TOPEKA   &    SANTA  FK    RAILWAY. 

Gauge   4   ft.  S  Vi    ins. 

Cylinder 19  ins.  and  32  ins.  x  32  ins. 

Valve Balanced  piston 


X  15  M.  ft.  X  8  ft.  and  a  delivery  chest  20  ft.  x  1  ft.  8  ins.  x  6  ft., 
at  an  expense  of  $1  per  day — the  average  temperature  obtained 
being  42  degs.  Of  this  ?1,  56  cents  was  for  electricity  and  44 
cents  for  water.  The  current  was  supplied  by  meter  at  3  cents 
per  kw.-hour,  and  the  water  at  12  cents  per  1,000  gals."  The 
whole  plant  cost  $1,000,  repairs  for  18  months  cost  less  than 
$5,  and  the  saving  over  the  cost  of  ice  averaged  Ji2  per  week, 
ice  costing  f3  per  ton.  This  may  interest  railroad  officers 
who  are  paying  high  prices  for  ice. 


THE  TECHNOLEXICON  OF  THE  SOCIETY  OF 
GERMAN  ENGINEERS. 


In  the  beginning  of  1901  the  Society  of  German  Engineers 
(Verein  Deutscher  Ingenieure)  began  the  compilation  of  a 
universal  technical  dictionary  in  three  languages — English, 
German  and  French.     The  undertaking  has  met  with  general 


THE    HEAVIEST    LOCOMOTIVE   EVER  BDILT— ATCHISON,    TOPEKA    &    SANTA    FE    RAILWAY. 
SANTA    FE    TYPE    (2-10-2)    TANDEM   COMPOUND.       BALDWIN   LOCOMOTIVE    WORKS,    BUILDERS. 


Boiler Type,  wagon  top  :    material,  steel 

Diameter    78%    ins. 

Thickness  of  sheets %  in.  and  15-16  in. 

Working  pressure   225   lbs. 

Fuel Soft  coal 

Staying    Radial 

Firebo.K — Material    Steel 

Length    108   ms. 

Width   78  ins. 

Depth   Front.  80  Vi   in.^. :    back.  78  V4  ins. 

Thickness  of  sheets  : 

Sides.   %   in.;  back,  %  in.;  ciown,  %  in.;  tube,  9-16  m. 
Water  space Front.  4  'A  Ins. ;    sides,  5  ins.  ;    back,  4  ins. 

Tubes — Material Iron.     Wire  gauge,  No.  11 

Number    ■  •  •    ^^^ 

Diameter    ^  4,„"1,!' 

Length    ^^   ^ 

Heating   surface — Firebox ■  210  sq.  ft. 

Tubes f'5g^^1-"- 

Total        *t'96  ^0-  "• 

Grate  area   58.5  sq.  ft. 

Driving   wheels — Diameter  outside ea  '°  ' 

Diameter  of  center •  •. ■  ■  ■••;••■  ,  ^  !°^- 

Journals Main,  11  x  12  ms.  ;    others.  10  x  12  ms. 

Engine  truck  wheels   (front)— Diameter .29^4    ins. 

Journals   6Vj   x  10%    ms. 

Engine  truck  wheels   (back) — Diameter .  .  .40  ins. 

JournaU , • l^  ?t    9    SI' 

Wbeel  bas<^Driving    •.•.■.•.•.•.;■.•.■.  'M  H.  I  ISs! 

Sengine-;:::::::;::::::::::::::: 35  ft.  nins. 

Total  engine  and  tender pqi'-iso  lbs 

^otTefJ^"'' ::::;;::;:-.::::::::::;::::::::::2l?llo;bs: 

?ota!  Inline  and  tender  (about) ^sIoO^Ln' 

?^L:^S  ■::::.■.■.■.■:::.:::■:.■::. Nuikter.'  s-:  aiameur.  34 %  ms: 


Journals 


MOTOR  DRIVEN  ICE  MACHINES. 


Refrigerating  machines  driven  by  electric  motors  appear  to 
be  very  satisfactory.  Mr,  Fred  L.  Kimball  makes  the  follow- 
ing statement  in  an  article  in  Engineering  Magazine:  "The 
cost  of  refrigeration  under  this  system  is  not  prohibitive  even 
when  electricity  is  supplied  from  coal-burning  stations.  In  a 
certain  installation  which  was  visited  recently,  it  was  found 
that  a  machine  of  1-ton  nominal  capacity,  operated  by  a  3-h.p. 
motor,  was  furnishing  refrigeration  for  a  storage  room  25  ft. 


approval  and  has  -  received  assistance  from  all  quarters  at 
home  and  abroad.  Societies  and  individuals  have  responded 
generously  to  the  invitation  to  collaborate  and  have  proved 
their  interest  by  sending  collections  of  technical  words. 

Up  to  the  present  there  are  343  societies  (44  in  English,  272 
in  German,  and  27  in  French  speaking  countries)  co-operating 
in  the  work,  either  by  the  systematical  collection  of  technical 
expressions  of  the  specialities  represented  by  them  or  in  other 
ways,  especially  by  the  acquisition  of  collaborators  and  by 
placing  technical  publications  in  more  than  one  language  at 
the  disposal  of  the  "Verein,"  as  catalogues  of  firms,  invento- 
ries, price-lists  of  machines,  handbooks,  etc. 

Through  these  societies  the  Technolexicon  has  found  helpers 
in  Great  Britain,  Germany,  France,  the  United  States,  Austria, 
South  Africa,  India,  Australia,  Belgium,  Canada,  etc.  Among 
the  American  societies  who  are  lending  assistance  to  this  im- 
portant work  may  be  mentioned  the  American  Society  of  Civil 
Engineers;  the  American  Society  of  Mechanical  Engineers; 
American  Railway  Engineering  and  Maintenance-of-Way  Asso- 
ciation; the  American  Chemical  Society;  the  Western  Society 
of  Engineers;  etc. 

The  contributions  will  not  be  called  in  before  1904,  so  that  all 
who  wish  to  help  in  the  compilation  of  the  Technolexicon  have 
still  time.  Contributions  in  only  one  language  are  acceptable, 
though  of  course  those  in  two  or  three  languages  are  the  most 
valuable,  as  also  polyglot  business-catalogues  and  other  tech- 
nical publications.  The  editor-in-chief  will  be  pleased  to  give 
any  information  wanted.  His  address  is:  Technolexicon,  Dr. 
Hubert  Jansen,  Berlin   (NW.  7),  Dorotheenstr.  49. 


As  to  the  reliability  of  the  Parsons  steam  turbine,  Mr.  Grif 
fiths,  engineer  to  the  Belfast  Harbor  Commission,  stated  before 
the  Institution  of  Naval  Architects  (England)  that  he  had 
operated  pumps  with  them  night  and  day  for  three  years  and 
they  had  never  given  the  slightest  trouble. 
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MACHINE    TOOL    PROGRESS. 


FEEDS  AND   DRIVES. 


UY   C.   W.   f)BEKT. 


The  variable-speed  feeding  rueclianism  that  the  Hendey 
Machine  Company,  Torrington,  Conn.,  are  applying  to  the 
latest  models  of  their  Hendey  Norton  milling  machines  is 
similar  in  principle  to  the  design  which  is  so  well  known  for 
its  use  upon  the  Hendey-Norton  e"  'ne  lathes.  It  is  an  adap- 
tation of  the  cone  of  gears  and  shifting  pinion  principle 
which  the  Hendey  Machine  Company  have  developed  as  pic 
neers  in  the  field  of  variable-speed  feeding  for  machine  tools. 


Bhiiting  pinion,  the  latter  being  the  driving  uieniber  in  this 
f  case  as  in  the  feed  box  used  upon  the  Hendey-Norton  lathes. 
The  feeding  motion  is  delivered  to  the  table  from  the  upper 
shaft  which  carries  the  cone  of  gears,  the  connection  to  the 
table  being  made  through  a  telescoping  shaft  and  universal 
joints,  at  the  rear  of  tho  frame,  in  the  usual  manner. 

The  driving  shaft  for  the  mechanism  is  shown  at  D,  Fig.  50, 
and  the  shifting  pinion  which  it  carries  appears  at  0.  This 
pinion,  O,  feathers  with  shaft  D,  and  Is  controlled  in  Its  longi- 
tudinal movement  by  frame  F,  which  embraces  it  by  the  forlted 
projections  pivoting  on  shaft  D.  The  gear,  P,  is  also  carried 
in  this  frame  in  permanent  mesh  with  pinion,  O,  gear  P,  being 
the  one  which  is  used  for  meshing  with  the  gears  of  the  cone. 
This  is  accomplished  as  in  the  device  used  upon  their  lathe,  by 
lifting  the  handle,  H,  outside  and  locking  it  in  one  of  the  slots 
in  the  index  plate  X.  Shaft  S,  carries  the  cone  of  gears  and 
it  is  from  this  that  the  power  is  delivered  to  the  table  feeds. 

In  this  way  pinion  O,  which  always  revolves  with  driving 
shaft  D,  drives  gear  P,  which,  when  brought  up  into  mesh  with 
any  of  the  gears  of  the  cone,  drives  the  latter  and  with  it,  the 
delivery  shaft  S.  Thus  handle  H  is  instrumental  In  not  only 
starting  and  stopping 'the  feeds,  but  also  in  making  seven 
changes  of  feeding  speed  (six  changes  only  on  the  No.  2 
milling  machine). 

The  small  vertical  slots  in  the  index  plate  X,  and  the  spring 
locking  latch  on  handle  H  (as  shown  in  Fig.  50),  ensure  proper 
meshing  of  the  gears  and  also  prevent  interference  of  gear  P, 
with  the  others  of  the  cone  on  either  side  of  the  one  driven. 

Two  extra  changes  of  speed  are  also  furnished  by  anotntr 
gear  arrangement  next  to  the  driving  pulley,  as  shown  in  Fig. 
49,  which  increases  the  total  number  of  speeds  available  up  to 
21  (18  on  the  No.  2  machine).  This  attachment  is  similar  in 
principle  to  the  7-speed  mechanism,  but  is  arranged  for  three 
different  delivery  speeds  only.  It  is  located  outside  of  the 
frame  near  the  driving  pulley,  but  is  protected  by  a  gear  case 
or  cover.  The  arrangement  of  this  mechanism  is  very  com- 
mendable and  its  application  will  undoubtedly  be  as  highly 
appreciated  on  the  milling  machines  as  it  has  been  on  the 
Hendey  lathes. 

The  design  of  the  feeding  mechanisms  for  the  Hendey-Norton 
milling  machines  is  particularly  heavy  and  rigid,  the  desire 
having  been  to  render  them  capable  of  the  heaviest  duty  for 
rapid  production  in  milling  processes,  'ine  result  has  been 
that  some  remarkable  instances  of  heavy  milling  performances 
have  been  accomplished  in  many  cases.  For  example,  the 
photograph,  from  which  the  engraving.  Fig.  49,  was  made, 
was  taken  while  a  remarkably  heavy  milling  performance  was 
being  made,  the  conditions  of  which  are  as  follows:  The 
machine  used  was  the  No.  2  universal  Hendey-Norton  miller, 
with  no  special  adjustments,  and  the  stock  being  milled  was  a 
bar  of  50-point  carbon  steel  with  I'^s-inch  face.  In  one  instance, 
a  one-eighth-inch  cut  was  taken  with  the  feed  mechanism  set  for 


FI(i.     49. — VIEW    OF    THE    HENDET-NOBTON     MILLING 

MACHINE,      SHOWING      CONVENIENT      AJ5EANGE- 

IIE.NT    OF    THE    SPEED-BOX    IN    THE    FRAME 

AT    THE    LEFT. 

The  speed  box  is  of  renewed  interest,  in  this 
application,  particularly  for  the  method  of 
adaptation  to  milling  machine  conditions. 

The  device,  as  arranged  for  use  in  this  case, 
is  shown  in  detail  in  the  drawing.  Fig.  50,  and 
its  location  upon  the  milling  machine  is  indi- 
cated in  the  engraving.  Fig.  49.  The  entire 
mechanism  is  located  within  the  frame,  and  is 
thus  quite  out  of  the  way  and  protected  from 
dirt  and  chips.  In  this  way  the  mechanism  re- 
quires much  less  than  would  the  belt  cone 
and  pulley  arrangement. 

The  mechanism  is  driven  by  a  belt  connection 
to  the  spindle,  the  belt  and  pulleys  appearing 
at  the  rear  of  the  tool  in  Fig.  49.  The  lower 
pulley  is  keyed  on  the  shaft  which  carries  the 


FIG.     50.- 


-DETAILS     OF 
THE 


THE    VARIABLE-SPEED     FEED    MECHANISil 
HENDET-NOBTON      MILLING   MACHINE. 


APPLIED      TO 
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a  table  feed  of  3  1-3  inches  per  minute,  and  in  another,  a  1-10- 
inch  cut  was  taken  with  a  table  feed  of  4  inches  per  minute. 
In  both  cases  the  work  was  carried  very  easily  and  no  trouble 
was  met  in  any  way.  This  heavy  performance  was  made  with 
no  special  preparations,  a  stock  arbor  and  a  stock  cutter  being 
used,  and  also  the  arbor  support  was  not  set  as  close  to  the  cut- 
ter as  would  ordinarily  have  been  done.  This  is  another  im- 
portant proof  of  the  advantage  to  be  gained  from  the  use  of  the 
heavy  gear-drive  feeding  mechanism. 

THE   MACHINE   SHOP   PROBLEM. 

The  following  paragraphs  are  selected  from  a  paper  read 
before  the  American  Society  of  Mechanical  Engineers  by 
Mr.  Charles  Day: 

Reviewing,  briefly,  past  conditions  in  the  majority  of  shops 
—and  in  fact  many  of  to-day— we  cannot  fail  to  be  impressed 
by  the  slipshod  methods  in  use  on  all  hands.  Purchase  of 
equipment  was  left  almost  invariably  to  a  purchasing  agent 
who  was  in  no  way  conversant  with  the  requirements  of  mar 
chines  to  be  bought,  price  being  his  only  means  of  compari- 
son. The  fact  that  such  a  condition  of  affairs  was  allowed 
to  exist  was  sufBcient  proof  that  those  in  charge  of  the  shop 
were  scarcely  more  capable  to  judge  of  the  earning  power  of 
the   apparatus   than   he. 

Some  of  the  largest  shops  used  a  cheap  grade  of  carbon 
steel  for  cutting  tools,  instead  of  the  "air-hardening"  variety 
which  would  permit  of  double  the  cutting  speed,  the  reduced 
first  cost  being  their  reason  for  this  policy.  In  such  a  plant 
five  thousand  dollars  (f 5,000)  invested  in  tool  steel  might 
readily  effect  a  saving  on  the  labor  bill  of  fifteen  thousand 
dollars  ($15,000)  annually.  Such  an  illustration  exemplifies 
forcibly  the  absence  of  scientific  thought  and  investigation 
existing  but  a  few  years  since. 

Probably  nothing  has  increased  the  possibilities  of  the 
machine  shop  to  a  greater  degree  than  the  power  crane,  and 
although  the  designer  of  the  building  is  always  informed,  in 
a  general  way,  as  to  the  crane  service  that  will  be  required, 
this  detail  is  not  usually  given  nearly  sufficient  considera- 
tion. To  properly  cover  the  floor  space  with  power  cranes, 
jib  cranes,  etc.,  requires  a  most  careful  study  of  the  location 
of  various  machines,  which,  in  turn,  necessitates  a  thorough 
understanding  of  the   work   in   view. 

The  lighting  of  the  machine  shop  or  foundry  to  a  marked 
extent  influences  the  efficiency  of  the  men,  and  the  impor- 
tance of  this  fact  is  generally  appreciated  at  this  time.  It 
is  practically  impossible  to  obtain  too  much  light,  provided 
the  direct  rays  of  the  sun  do  not  fall  on  the  work.  As  large 
establishments  usually  run  night  and  day,  a  liberal  amount 
of  artificial  light  is  also  necessary  if  the  different  shifts  are 
to  turn  out  equal  amounts  of  work.  Shops  that  are  illu- 
minated in  a  general  way  by  arc  lamps  (as  well  as  incan- 
descent lights  for  detail  work)  seldom  complain  of  the  inef- 
ficiency of  the  night  shift. 

The  efficiency  of  machine  shop  equipment  should  be  judged 
only  from  its  ability  to  produce  the  desired  result  at  a  min- 
imum cost,  and  this,  in  turn,  is  governed  as  much  by  the  in- 
formation at  the  disposal  of  the  operators  as  the  machines 
themselves.  In  the  extreme  case,  such  as  a  full  automatic 
screw  machine,  we  might  suppose  that  the  ability  of  the 
designer  would  assure  the  success  of  the  tool;  but  even  in 
this  case  innumerable  details  arise,  such  as  the  grinding  and 
setting  of  cutters,  the  delivery  of  stock  to  and  from  the  ma- 
chine, etc.,  which  may  or  may  not  be  efficiently  taken  care 
of  by  the  purchaser. 

Turning  to  the  other  extreme — an  engine  lathe  doing  a 
general  class  of  work — we  find  the  workman  confronted  by 
innumerable  problems,  governing  economical  production, 
which  he,  and  in  many  cases  his  superiors,  fail  to  recognize. 
For  example,  the  proper  cutting  speeds  for  different  mate- 
rials and  different  cuts;  the  relative  advantage  of  a  heavy 
cut  and  slow  speed,  or  a  light  cut  and  fast  speed;  and  the 
capabilities  of  the  machine.  These  are  but  a  few  of  the  de- 
tails. Such  information  can  only  be  obtained  from  experi- 
mental work  carried  on  along  scientific  lines,  and  as  long  as 


schemes  of  management  take  no  cognizance  of  this  data,  the 
introduction  of  modern  tool  steels,  the  motor  drive,  etc., 
will  necessarily  be  slow;  consequently  we  cannot  discuss  the 
merits  of  various  types  of  apparatus,  unless  conversant  with 
the  problems  of  organization  and  management.  The  absence 
of  this  knowledge  leads  many  engineers  to  most  erroneous 
conclusions. 

The  small  attention  given  to  the  cutting  tool  in  the  vast 
majority  of  shops  is  astonishing  when  we  realize  how  directly 
the  time  of  machining  is  dependent  on  the  character  of  the 
steel.  We  are  all  constantly  hearing  of  phenomenal  cutting 
speeds,  etc.,  but  it  is  the  efficiency  of  the  tools  in  the  tool 
racks  that  is  a  gauge  of  their  value.  If  these  tools  are  not 
forged  and  ground  to  standard  angles  and  reground  by  a  man 
who  realizes  fully  the  care  which  must  be  exercised  in  this 
work,  the  chances  are  that  the  majority  of  them  will  be  but 
scarcely  better  than  the  original  steel. 

If  a  cutting  tool  is  to  work  at  its  maximum  efficiency,  the 
cutting  speed  should  be  maintained  constant  for  a  given  depth 
of  cut  and  a  given  feed,  consequently  some  means  should  be 
provided  for  accelerating  the  spindle  speed  of  a  lathe  when 
the  tool  is  working  from  a  larger  to  a  smaller  diameter,  such 
as  facing  cylinder  heads,  etc.  A  lathe  of  this  character  may 
be  truly  termed  a  variable-speed  machine.  In  the  average 
shop,  however,  there  is  very  little  opportunity  for  work  of 
this  kind,  the  majority  of  lathe  work  consisting  of  longi- 
tudinal cuts.  If  the  lathe  operates  on  but  one  class  of  work, 
the  proper  spindle  speeds  and  feeds  can  be  obtained,  which 
should  not  be  changed  as  long  as  conditions  remain  unal- 
tered. If,  on  the  other  hand,  a  great  variety  of  work  is 
handled  by  a  lathe,  the  tool  will  constantly  work  on  different 
diameters,  variable  speed  being  equally  as  important  in  this 
case  as  in  the  first  considered,  although  a  uniform  increase, 
as  the  work  proceeds,  would  not  be  required.  Simple  as  this 
classification  may  seem,  the  electrical  engineer  repeatedly 
fails  to  see  that  a  system  of  motor  driving  that  would  be 
applicable  in  one  case  utterly  fails  in  another. 

Practically  all  machine  shops  have  some  variable-speed 
tools,  and,  here  again,  it  is  the  province  of  the  engineer  to 
determine  the  relative  importance  of  the  various  factors.  A 
manufacturer  who  advertises  a  variable-speed  countershaft  or 
motor  for  machine-tool  driving  which  will  give  any  speed, 
shows  his  ignorance  of  shop  conditions  where  a  refinement 
of  this  kind  cannot  be  used  to  advantage.  In  fact,  after  visit-- 
ing  practically  all  the  shops  that  have  installed  multiple- 
voltage  equipment  offering  the  possibilities  of  close  speed 
regulation  and  ease  of  handling,  we  are  convinced  that  the 
purchasers  are  not  beginning  to  realize  an  adequate  return 
on  the  investment.  A  better  illustration  could  not  be  found 
of  the  interdependence  of  management  and  equipment. 


TO  YOUNG  MEN. 


"There  is  plenty  of  room  at  tb*  top,  but  tbtrs  is  no  ilevator 
In  the  building. 

"There  are  times  when  it's  safest  to  be  lonesom*. 

"Being  popular  takes  up  a  heap  of  time. 

"Putting  off  an  easy  thing  makes  it  hard,  and  putting  oS 
a  hard  on*  makes  it  Impossible. 

"Have  something  to  say;   say  it;   stop  talking. — Rule*  for 
a  business  conversation. 

"The  house  Is  not  interested  In  knowing  how  you  like  your 
boss,  but  in  how  your  boss  likes  you. 

"Remember  that  when  you're  in  the  right  you  can  afford  to     / 
keep    your    temper,    and    that    when    you're    In    the    wrong  v 
you  can't  afford  to  lose  it. 

"Enthusiasm  is  the  best  shortening  for  any  job;   it  makes 
heavy  work  light. 

"Remember  that  to-day  is  your  opportunity,  to-morrow  some 
other  fellow's. 

"In  keeping  track  of  others  and  their  faults  it  is  very,  very 
Important  that  you  shouldn't  lose  sight  of  your  own." 

These  bits  are  gieaned  from  "Letters   rrom   a   Self-Made 
Merchant  to  His  Son." 
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WOODWORKING    MACHINERY. 


Important  Dkvkuh-mknts  in  Individual  Dkivin(i  hy  Electric 

Motors. 


In  the  August  issue  of  this  journal  was  presented  (pages 
294  to  29G)  an  article  treating  of  modern  methods  of  elec- 
trically driving  woodworking  tools.  As  may  be  inferred  from 
the  same,  problems  of  greater  magnitude  and  complexity  are 
there  met  than  are  prevalent  with  iron-working-tool  practice, 
and  necessarily  they  demand  special  treatment.    In  this  article 


oughly  appreciated  by  those  who  have  to  do  with  belt-drive 
shops. 

The  first  engraving.  Fig.  1,  illustrates  an  interesting  direct- 
coupled  drive  on  a  9-ln.  four-head  sticker.  This  is  an  instance 
where  the  comparatively  high  speed  of  the  motor  agrees  favor- 
ably with  the  driven  speed  of  the  machine,  permitting  a  direct 
coupling  between  the  armature  shaft  and  the  machine's  drive. 
The  motor  used  for  this  drive  is  the  standard  l.'j-h.p,  floor- 
type  Triumph  motor,  operating  at  900  rev.  per  mln.  This 
drive  is  unexcelled  for  economy  of  space  and  neatness. 

In  this  engraving  is  also  illustrated  one  of  the  ceiling  motor 
drives,   which   are   used   in    this   installation   for   driving   the 


FIC.    1. — DIRECT-COUPLED   DRIVE  FOB   A    9-INCH    STICKER.      DRIVEN    BY 
A     15-H.     P.     MOTOR. 


I'lU.     2. — BAND    RESAW,     EQUIPPED    WITH     A     DIBECT-COIPLUU     DRIVE 
FROll    A    15-H.    P.    BACK-GEARED    MOTOR. 


Flli.   3. — A   12-INCH  RIP  SAW  WITH   A  DIRECT-COUPLED  DRIVE  FROM   A 
10-H.   P.   BACK-liEABED    MOTOR. 

is  presented  additional  examples  of  motor-drive  equipments 
for  wood-working  tools,  in  order  to  indicate  to  those  meeting 
problems  of  this  nature  what  may  be  termed  prevalent  practice. 
The  tools  illustrated  herew-ith  are  representative  examples 
selected  from  a  large  installation  which  the  Triumph  Electric 
Company,  Cincinnati.  Ohio,  recently  fitted  up  for  electric 
power  transmission  and  motor  driving.  The  motors  are  all 
Triumph  motors  of  the  Inclosed  type,  which  are  particularly 
adaptable  to  this  class  of  driving,  in  which  dust  and  shavings 
are  met  in  quantities.  A  notable  feature  of  this  interesting 
installation  is  the  conspicuous  absence  of  overhead  belts  The 
result  is  a  beautifully  light  and  airy  shop,  which  will  be  thor- 


FIG.   4.- 


-BELTED   DRIVE   FOR   A   .JH'.    S.WV    FROM    A    1-H.    P.    SLOW-SPEED 
MOTOR. 


groups  of  light  machinery.  The  group-drive  method  of  arrang- 
ing the  machinery  was  adopted  for  the  lighter  tools,  a  grind- 
stone and  a  wood  lathe  only  being  driven  from  the  one  motor 
in  this  case. 

The  next  two  engravings.  Figs.  2  and  3.  as  well  as  the  ceil- 
ing motor  illustrated  in  Fig.  1.  present  examples  of  the  use 
of  the  Triumph  Electric  Company's  back-geared  motor.  Fig.  2 
is  a  view  of  an  inclosed  floor-type,  back-geared  motor  coupled 
direct  to  a  band  resaw.  with  power  feed,  built  by  the  Frank 
Clement  Company,  of  Rochester.  N.  Y.  Fig.  3  illustrates  a 
similar  motor  direct-coupled  to  a  12-in.  rip  saw.  In  the  two  lat- 
ter cases  the  gear  ratio  chosen  for  the  back  gear  on  the  motors 
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was  such  as  to  accommodate  the  resulting  driving  speed  to 
that  required  by  the  machine.  This  is  an  excellent  feature  of 
the  back-geared  type  of  motor  in  avoiding  belt  driving. 

The  band  resaw.  Fig.  2,  is  driven  by  a  15h.p.  motor,  which 
operates  at  1,100  rev.  per  min.,  but  delivers  from  the  back-gear 
shaft  at  350  rev.  per  min.  The  rip  saw.  Fig.  3,  is  oriven  by  a 
10-h.p.  motor,  operating  at  1,000  rev.  per  min.,  but  which  is 
back-geared  down  to  deliver  at  400  rev.  per  min.,  the  back-gear 
speeds  agreeing  in  both  cases  with  the  speeds  of  driving  of  the 
tools.. 

In  Fig.  4  there  is  shown  a  belted  individual  drive  from  a  1- 
h.p.  slow-speed  inclosed  motor  to  a  fret  or  jig  saw,  and  in  Fig. 
5  a  similar  drive  for  a  band  saw,  built  by  the  Frank  Clement 
Company.  The  former  motor  operates  at  1,100  rev.  per  min., 
while  the  latter  saw,  Fig.  5,  is  driven  by  a  2-h.p.  slow-speed 
motor  running  at  1,000  rev.  per  min. 

Fig.  G  illustrates  another  back-geared  motor  drive  direct- 
coupled  to  a  band  resaw,  built  by  Fay  &  Egan,  Cincinnati. 
Ohio.  The  motor  in  this  case  is  a  7%-h.p.  inclosed  floor- 
type  motor,  which  runs  at  750  rev.  per  min.,  but  is  back-geared 
down  to  deliver  at  350  rev.  per  min. 

The  motors  used  in  this  installation  are  the  well-known  in- 
closed slow-speed,  multi-polar  motors,  with  laminated  poles, 
manufactured  by  the  Triumph  Electric  Company,  which  were 


FIG.   5. — BELTED  DRIVE  FOB  A  BAND  SAW  FBOM  A  2-H.  P.   MOTOB. 

illustrated  and  described  on  page  361  of  our  November,  1900, 
issue.  They  are  all  fitted  with  self-oiling  bearings,  carbon 
brushes  and  are  designed  for  a  minimum  of  sparking;  the 
result  aimed  for  In  the  general  design  of  this  motor  is  to  ren- 
der it  absolutely  reliable  and  as  free  as  possible  from  repairs. 


REDUCED   CLEARANCE  IN  LOCOMOTIVE    CYLINDERS. 


'the  advantages  of  a  reduction  in  clearance  of  steam  engines 
are  generally  admitted.  Many  attempts  have  been  made  to 
adapt  the  principles  of  the  Corliss  valve  motion  lor  application 
to  locomotives.  These  have  all  tailed  to  attain  practical  suc- 
cess. They  have  usually  consisted  in  the  application  of  an 
entirely  new  valve  motion  with  added  complication.  Mr.  Ira 
C.  Hubbell,  in  a  paper  read  before  the  New  York  Railroad 
Club,  last  month  discussed  the  effect  of  cylinder  clearance 
upon  the  quantity  of  steam  consumed  In  doing  specific  work 
and  incidentally  introduced  the  subject  of  the  new  Alfree 
valve  gear,  which  is  designed  to  elfect  the  Corliss  principle 
on  a  locomotive.  This  gear,  however,  makes  use  of  the  usual 
link  motion  and  adds  an  attachment  to  the  rocker  arms  with 
a  connection  to  the  crosshead.  In  this  respect  it  differs  rad- 
ically from  the  attempts  mentioned.  It  also  includes  an  ar- 
rangement of  a  slide  valve  which  permits  of  reducing  clear- 
ance.   An  engine  fitted  with  this  valve  gear  has  been  running 


for  two  years  and  a  number  are  now  under  construction  for 
several   railroads. 

This  valve  gear  stands  for  reduced  clearance,  for  delayed 
exhaust  opening  and  closure  of  the  valves  and  for  a  combina- 
tion of  reduced  clearance  and  such  a  degree  of  compression 
as  to  reach  the  Initial  pressure  for  the  clearance  used.  It  also 
stands  for  short,  direct  and  smooth  surface  steam  passages. 
In  his  paper  Mr.  Hubbell  insisted  that  all  clearance  is  waste 
and  that  the  Ideal  condition  with  respect  to  economy  would  be 
one  in  which  there  is  no  clearance  whatever.  Upon  this  as- 
sumption he  bases  his  predictions  of  steam  consumption  and 
believes  that  the  economy  will  be  greatest  the  nearer  the  clear- 
ance approaches  to  zero.  The  editors  of  this  journal  do  not 
consider  this  opinion  correct,  but  they  believe  that  a  mechan- 
ically satisfactory  valve  gear  which  will  delay  exhaust  closure 
in  such  a  way  as  to  properly  fill  a  correct  volume  of  clearance 
is  likely  to  be  greatly  beneficial  to  the  locomotive,  especially 


FIG.     6. — DIBECT-COUPI,ED    DBIVE    UPON    A    BAND    RESAW, — 7%-H.    P. 
BACK-MIARED     MOTOR. 

if  it  permits  of  reducing  clearance  from  8  and  10  down  to  2V3 
per  cent. 

An   illustrated   description  of  this   valve  gear   will   be  pre- 
sented  in   the  near  future  in  this   journal. 


CARE    OF    COMPOUND    LOCOMOTIVES. 


In  discussing  the  care  of  compound  locomotives  before  the 
Traveling  Engineers'  Association,  among  other  things  Mr. 
A.  L.  Beardsley  said: 

"Those  of  you  who  are  familiar  with  some  makes  of 
crmpound  locomotives  have  during  the  past  winter  ridden 
over  the  road  when  it  was  impossible  for  you  to  see  the  front 
end  of  the  engine,  and  if  it  had  an  iron  cab  it  was  covered  on 
the  inside  with  frost  and  ice.  You  have  had  steam  leaks 
iiiound  the  front  end  of  the  engine  so  numerous  that  you 
could  not  detect  where  they  came  from  and  which  one  was 
the  worst.  This  steam  came  from  high  and  low  pressure  pis- 
tons, valve  stems,  cylinder  heads,  cylinder  cocks,  relief  valves, 
fj  Under  cock  pipes,  etc..  and  did  not  have  a  tendency  to  make 
the  engineer  and  fireman  friendly  to  the  compound.  This  en- 
gine on  arrival  at  the  terminal  was  put  in  a  roundhouse  that 
vas  too  short  and  the  doors  could  not  be  closed.  The  machinist 
was  given  a  list  of  work  on  it  that  he  could  not  do  on  account 
of  these  same  steam  leaks,  the  gas  and  smoke  ia  the  round- 
house and  the  fact  that  he  could  not  keep  his  hands  warm 
while  at  work.  Some  of  the  men  who  care  for  and  handle  these 
machines  lost  some  of  that  interest  in  their  work  that  is  so 
valuable  to  railway  companies.  The  repairs  on  these  large 
compounds  have  been  made  dlflicult  and  laborious  from  the 
fact  that  the  facilities  for  doing  the  work  are  in  some  cases 
limited  and  the  roundhouses  are  inadequate." 


OCTOBEIi, 
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NEW  LOCOMOTIVE  SHOPS  AT  TOPEKA. 


Arcinso.N,  Toi-kka  &  Santa  Fe  Railway. 


II. 
Thp  pipvious  article  on  thi.s  subject  appeared  on  page  321 
of  the  September  number. 


Before  passing  to  the  other  features  of  this  plant  several 
illustrations  should  be  presented.  One  of  these  shows  the 
construction  of  the  roof  trusses  in  the  locomotive  shop.  These 
are  spaced  at  25  ft.  centers  with  a  span  of  74  ft.  3  ins.  from 
center  to  center  of  posts.  The  steel  work  is  heavy  and  is 
roofed  with  Ludowici  tiling,  as  are  also  the  saw-toothed  por- 
tions over  the  side,  or  machinery,  bays.  The  engraving  of  the 
truss  shows  the  depth  of  the  crane  girders,  the  manner  of  sup- 
porting them  and  their  height  from  the  floor  level. 

Another  engraving  shows  sections  of  the  locomotive  pits, 
which  have  already  been  referred  to.  These  are  built  of  con- 
crete, as  are  all  the  foundations  of  the  buildings,  the  machinery 


foundations  and  the  ducta  for  the  distributing  system  of  hot 
air  for  heating  and  ventilating  the  building.  One  of  the 
photographs  shows  a  portion  of  a  main  duct  and  Its  connec- 
tion to  the  fan  room.  Thi.s  construction  employed  temporary 
wooden  forms  over  which  the  concrete  was  built. 

Steam,  exhaust  or  live,  is  brought  from  the  power-house  to 
four  Sturtevant  fans,  each  10  ft.  in  diameter  by  5  ft.  wide  and 
of  the  three-quarter  housed  pattern.  These  are  located  out- 
side of  the  main  building  in  four  fan-houses,  shown  on  the 
ground  plan.  Each  heater  is  capable  of  discharging  72,000 
cu.  ft.  of  air  per  minute  at  a  speed  of  about  165  rev.  per  min. 
For  the  heating  engines  steam  at  150  lbs.  pressure  Is  supplied. 
Each  heater  has  9,000  linear  feet  of  1-ln.  pipe,  and  discharges 
into  the  underground  ducts.  The  following  figures  represent 
the  heating  problem: 


Cubic   contents    5,400,000  cu.  ft. 

Glass  surface   88,000  sq.  ft. 

Brick    surface    49.000  sq.  ft. 

Tile  surface    130,000  sq.  ft. 
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It  was  assumed  that  the  air  would  change  once  every  hour, 
and  the  plan  was  intended  to  heat  5,400,000  cu.  ft.  of  air  per 
hour  from  10  below  to  GO  above  zero,  as  a  maximum  capacity. 
In  the  large  Interior  view  of  the  shop  one  of  the  hot-air  outlets 
is  shown  against  one  of  the  main  columns  at  the  left  of  the 
engraving  at  the  foot  of  page  320.  These  outlets  are  of  gal- 
vanized iron,  and  have  swinging  dampers.  At  present  the 
heaters  are  arranged  to  take  air  from  the  building,  but  by 
constructing  partitions  across  the  fan-houses  outside  air  may 
be  taken  to  the  heaters. 

An  excellent  idea  of  the  good  natural  lighting  obtained  with 
the  saw-tooth  form  of  roof  construction  is  indicated  by  the 
small  engraving  of  a  portion  of  the  balcony  of  the  shop  which 
is  occupied  by  the  tin  shop,  bolt,  brass  and  other  light  machin- 
ery. The  light  is  diffused  and  there  arc  no  dark  corners.  In 
entering  this  building  this  is  one  of  its  most  striking  features. 

The  blacksmith  shop  is  400  by  100  ft.  The  engravings  show 
its  exterior  appearance  and  also  the  character  of  the  steel 
roof-trusses,  which  are  necessarily  heavy,  and  span  the  entire 
shop,  100  ft.  This  building  has  brick  walls  at  the  sides  and  at 
the  ends  up  to  the  window  tops.  The  remainder  of  the  ends 
are  of  galvanized  iron.  Ventilation  is  had  through  a  monitor 
extending  the  full  length  of  the  roof,  and  there  is  no  other 
provision  for  taking  away  the  smoke  from  the  forges.  This 
shop  has  three  90-h.p.  steam  boilers  over  furnaces,  and  a  fourth 
will  soon  be  installed.    These  furnish  steam  for  the  steam  ham- 
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BLACKSMITH    SHOP. 

niers,  which  will  be  enumerated  in  another  article.  Because 
of  the  heavy  roof  construction  the  floor  space  of  this  building 
is  entirely  free  from  posts  and  is  all  available  as  working  on 
machinery  space. 

Two  76  by  26  ft.  lavatories  are  provided  for  the  locomotive 
shops,  located  as  shown  in  the  plan  on  page  320,  each  contain- 
ing in  one  end  26  closets  and  9  urinals,  in  a  room  separated 
from  the  rest  of  the  building  by  a  brick  wall.  The  rest  of  the 
space  is  about  evenly  divided  between  the  wash  sinks  and 
lockers.  Wood  is  used  for  the  lockers,  except  the  doors,  which 
are  of  expanded  metal.  The  lockers  are  in  two  tiers,  each 
locker  having  a  floor  space  of  12  by  14  ins.  The  arrangement  as 
to  spacing  is  shown  in  the  plan  view.  One  of  these  buildings 
Is  seen  at  the  right  of  the  engraving  showing  the  blacksmith 
shop  and  power-house.  They  are  of  brick,  with  wooden  trusses 
and  Lodowici  tile  roofs. 


An  idea  of  the  enormous  traffic  of  the  street  railways  In 
New  York  City  was  recently  presented  by  Mr.  H.  H.  Vreeland 
before  the  New  York  Railroad  Club  in  the  following  remarks: 
"If  you  will  take  the  Interstate  Commerce  Commission's  re- 
port on  the  steam  railroads  of  the  United  States  and  Canada 
of  last  year,  with  all  their  tremendous  local  service  and  their 
expenditures  of  hundreds  of  millions  of  dollars  for  terminal 
facilities  to  handle  it,  and  then  stop  to  consider  that  all  of 
those  railroads  combined — 225,000  miles  in  the  United  States 
plus  the  Canada  lines — did  not  move  as  many  passengers  dur- 
ing the  last  fiscal  year  as  were  moved  on  the  Island  of  Man- 
hattan and  in  the  Bronx,  you  will  get  some  idea  of  the  com- 
parison of  conditions.  In  Greater  New  York  last  year — and  I 
am  talking  only  of  cash  fares,  not  transfers — nearly  twice  as 
many  people  were  moved  as  were  moved  by  the  total  steam 
railroad  mileage  of  the  United  States  and  Canada — more  than 
one  thousand  million — of  which  number  over  700,000,000  were 
moved  in  the  Boroughs  of  Manhattan  and  the  Bronx." 


Several  good  papers  were  presented  at  the  convention  held 
last  month  in  Chicago.  The  committee  reports  were  concise 
and  to  the  point.  They  give  evidence  of  efforts  to  conscien- 
tiously reflect  the  opinions  of  members  on  all  of  the  subjects 
treated. 

Opinions  with  reference  to  the  brick  arch  in  locomotive  fire- 
boxes indicate  the  value  of  arches  in  soft  coal  locomotives  as 
a  source  of  economy.  Arches  are  also  beneficial  in  reducing 
black  smoke.  Where  water  is  good  there  is  no  serious  diffi- 
culty in  maintaining  arches,  but  where  it  is  bad  and  much 
boiler  work  is  required  at  terminals  the  advantages  are  offset 
by  the  expense  and  delays  due  to  their  presence  in  the  fire- 
boxes. The  committee  concludes  that  "taken  from  a  stand- 
point of  economy  in  dollars  and  cents,  on  shallow  and  wide 
firebox  engines,  the  arch  is  not  a  benefit,  except  where  work 
can  be  done  properly  and  conditions  will  warrant  its  use." 
This  report  states  that  several  roads  are  conducting  experi- 
ments to  determine  whether  the  balance  is  in  favor  of  or 
against  brick  arches. 

Care  and  methods  of  handling  compound  locomotives  was  the 
subject  of  an  admirable  report,  the  essence  of  which  is  that 
railroad  officers  should  "Give  the  compound  a  tair  trial."  The 
paper  deals  with  the  subject  from  a  standpoint  of  economy  and 
maintenance  and  presents  simple  suggestions  which  if  carried 
out  will  render  compounds  satisfactory.  The  author  presents 
a  serious  indictment  of  the  too  common  neglect  to  provide 
suitable  roundhouse  facilities  for  caring  for  large  engines. 
The  entire  paper  should  be  read  by  every  motive  power  officer, 
whether  he  has  compounds  or  not. 

The  combined  straight  air  and  automatic  engine  and  tender 
brake  was  supported  by  a  strong  paper  by  Mr.  F.  P.  Roesch, 
who  wound  up  by  saying:  "I  feel  that  we  are  fully  justified 
in  giving  it  our  unqualified  approval  and  recommending  its 
adoption  on  all  freight  and  switch  engines."  A  close  personal 
study  of  the  causes  of  break-in-twos  where  long  trains  are 
handled  resulted  in  showing  that  78  per  cent,  were  due  to  re- 
leasing at  slow  speed.  The  present  very  heavy  locomotives 
require  retention  of  the  brakes  at  the  head  end  in  order  to 
guard  against  full  release  at  the  head  end  before  the  rear-end 
brakes  are  off.  The  surge  resulting  from  releasing  the  for- 
ward end  brakes  is  what  causes  the  trouble. 

Methods  of  lubricating  piston  rods  were  discussed  by  a  com- 
mittee. In  the  report  results  of  experiments  to  determine  the 
temperature  of  rods  improperly  lubricated  were  given,  show- 
ing temperatures  as  high  as  320  degs.  The  committee  recom- 
mended the  use  of  engine  oil  flashing  at  from  350  to  380  degs. 
It  should  be  used  in  swab  holders,  with  a  wick  feed  from  a 
cup,  the  delivery  being  from  5  to  6  drops  per  minute  when 
using  steam  and  8  to  10  when  drifting. 

The  committee  on  "The  Traveling  Engineer's  Front  End 
Arrangement"  did  not  report  anything  positive  or  original; 
furthermore,  the  researches  by  Prof.  Goss  for  this  journal 
were  ignored. 

Mr.  C.  B.  Conger's  paper  on  water  gauge  glasses  showed 
that  these  attachments  are  necessary.  On  wide  firebox  locomo- 
tives where  there  is  but  little  room  in  the  cab  the  men  are 
afraid  of  them,  but  the  fact  remains  that,  especially  in  waters 
which  are  liable  to  foam,  they  give  a  safer  indication  of  the 
water  level  than  gauge  cocks.  Mr.  Conger  recommends  the 
renewal  of  the  glasses  every  thirty  days  on  locomotives  carry- 
ing over  180  lbs.  of  steam.  He  also  recommends  protective 
cages  and  speaks  favorably  of  the  "Reflex"  glass. 


A  new  circular  has  been  issued  by  the  Chicago  Pneumatic 
Tool  Company,  which  is  devoted  to  a  complete  line  of  pneu- 
matic tools  for  stone  cutting  and  drilling.  One  of  the  special 
features  is  the  Chicago  Plug  Drill,  a  new  device  just  placed  on 
the  market.  This  is  a  hammer  weighing  but  i8  lbs.,  and  with 
it  60  plug  holes  %  x  3  ins.  were  drilled  in  60  minutes,  20  holes 
having  been  drilled  with  one  sharpening  of  the  drill.  The 
circular  also  Illustrates  other  stonecutters'  hammers. 
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Recent  Poactice  in  the  AprucAiioN  of  Electric  Driving  to 
Deilling    Machinery. 


motor  supporting  bracket  with  a  yoke  by  means  of  which  the 
drill   is  suspended  on  the  hook  of  the  traveling  crane.     The 


In  continuation  of  the  interesting  examples  of  motor  driving 
applications  to  drilling  machines,  which  were  presented  on 
pages  340-342  of  the  September  issue,  we  are  pleased  to  be  able 
to  herewith  illustrate  some  very  interesting  motor  arrange- 
ments for  driving  radial  and  special  drills,  and  also  two 
interesting  methods  of  mounting  constant-speed  motor-drives 
for  using  in  connection  with  cone  pulleys  for  speed  changes. 
The  latter  cases  are  of  interest  to  those  who  have  to  meet  the 
problems  of  applying  motors  to  old  tools  and  cannot  make  use 
of  the  mechanical  or  electrical  methods  of  obtaining  variable 
speeds  for  the  drive — a  condition  that  is  very  frequently  met  in 
ordinary  shop  conditions.  The  following  two  examples  of 
motor  applications  to  special  types  of  drilling  machines  are 
also  of  particular  interest. 

The  first  example  is  a  special  portable  radial  drill  that 
well  illustrates  the  advantages  of  the  individual  motor  drive 
in   the  case   of  portable  machine   tools.  This  tool   is   a   5 

ft.  portable  universal  radial  drill,  which  was  recently  built 
by  Roos  &  Mill,  Cincinnati,  Ohio,  for  use  in  the  shops  of 
the  Bullock  Electric  &  Mfg.  Co.  It  was  designed 
especially  for  drilling  and  counterboring  horizontal  and  verti- 
cal holes  in  electric  motor  yokes  of  from  G  to  15  feet  inside 
diameter. 

To  perform  the  work,  the  machine  is  lifted  by  a  crane  and 
placed  exactly  in  the  center  of  the  motor  yoke  and  rigidly 
clamped  at  the  base  to  the  T-slotted  floor  plate,  to  which  the  yoke 
is  also  bolted  fast.  The  center  line  of  the  spindle  in  its  hori- 
zontal position  runs  exactly  through  the  center  of  the  column 
and  all  horizontal  holes  drilled  in  concentric  surfaces  will 
therefore  be  drilled  in  line  with  the  center. 

The  spindle  has  a  positive  feed  with  four  changes,  has  a 


COMP.^CT  GEARED   DRIVE   UPON    A    SPECIAL   WALL   REAMER   AND   DRILI 
BAUSH    MACHINE   TOOL    COMPANY. 

quick  return  arrangement  and  is  back-geared  direct  from  the 
spindle-driving  gear.  The  back-gear  can  be  thrown  in  and  out 
when  the  machine  is  running. 

The  column  is  provided  at  the  top,  in  connection  with  the 


NOVEL    DIRECT-OEAKED    DRIVE     (DULLOOK     jMOTOli)      UPON     A    SPECIAL 
PORTABLE   RADIAL   DRILL. — ROOS    &.    MILL. 

motor,  which  is  one  of  the  standard   type-N  Bullock  motors, 

is  arranged  in  a  horizontal  position  upon  the  supporting 
bracket,  from  which  it  drives  the  spindle 
mechanism  through   reduction  gearing. 

The  engraving  at  the  left  illustrates 
an  interesting  motor  drive  upon  an  8-ft. 
wall  reamer  and  drill,  built  by  the  Baush 
Machine  Tool  Company,  Springfield. 
Mass.,  which  is  particularly  adapted  to 
bridge  and  boiler  shop  work.  The  con- 
venience of  an  individual  drive,  applied 
as  in  this  instance,  cannot  be  better  ex- 
pressed than  by  reference  to  the  illustra- 
tion. I  ,  J 
The  arm  of  this  drill  is  made  in  two 
gates,  each  4  ft.  long,  the  extreme  distance 
to  which,  the  spindle  will  drill  being  238 
ins.  The  saddle  has  a  vertical  adjustment 
of  54  ins.  and  the  spindle  has  a  traverse 
in  the  saddle  of  20  ins 

The  motor,  which  is  a  2-h.p.  constant- 
speed  direct-current  Westinghouse  motor 
operating  at  1,200  revolutions  per  minute, 
is,  as  is  clearly  shown  in  the  engraving, 
mounted  upon  a  small  bracket  at  the  top 
of  the  upright  from  which  it  drives  the 
spindle  through  a  bevel  reduction  gear- 
ing,    and     also     operates     the    elevating 

mechanism  for  the  entire  arm.     The     commendable     features 

of  this  arrangement  speak  for  themselves. 

One  of  the  tools  illustrated  below  is  the  new  improved  5-ft. 

radial  drill,  with  mechanical  variable-speed  drive,  built  by  the 
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American  Tool  Works  Co.,  Cincinnati,  O.  It  Is  equipped  with 
a  constant  speed  motor  drive,  but  a  range  of  four  different 
speeds  is  furnislied  by  tlie  speed  box,  beneatli  tlie  motor.  This 
device  is  operated  by  friction  clutches  by  means  of  the  handles 
shown  in  front  of  the  box,  which  are  arranged  so  that  no  con- 
flicting clutches  can  be  thrown  in  grar  at  the  same  time. 

The  arrangement  of  the  motor  drive  in  this  case  is  very  in- 
teresting. A  special  supporting  bracket  is  ingeniously  avoided 
by  mounting  the  motor  upon  the  top  of  the  speed  box,  which  is 
provided  with  projecting  lugs  to  carry  the  motor's  feet.  The 
motor  drives  the  upper  shaft  of  the  speed  box  by  gearing,  which 
gears  are  neatly  protected  by  a  cast-iron  guard.  The  motor 
used  in  this  case  is  a  three-phase  induction  motor,  built  by 
the  General  Electric  Co.,  Schenectady,  N.  Y.  It  necessarily 
operates  at  constant-speed  so  that  the  use  of  the  speed  box  is 
in  this  case  particularly  necessary. 

The  arrangement  of  this  speed  box  on  the 
"American"  radial  is  such,  however,  that  the 
motor  can  be  set  down  alongside  of  it,  or  on  the 
floor,  and  drive  by  means  of  a  chain  or  gear- 
ing. This  method  of  driving  through  a  speed 
box  has,  indeed,  many  important  advantages. 

In  addition  to  the  large  number  of  special 
features  which  this  tool  has  incorporated  in  its 
design,  may  be  mentioned  the  drill  speed  index 
plate,  located  on  the  motor,  which  indicates  the 
proper  arrangements  of  speed  box  levers  for  all 
si/.es  of  drills,  and  in  cast  iron  or  steel,  with  the 
spindle  back-gear  in  and   out. 

The  accompanying  engravings  on  this  page 
illustrate  three  important  examples  from  the 
adopted  methods  of  motor  applications  which 
the  Bickford  Drill  and  Tool  Company^  Cincin- 
nati, Ohio,  are  using  for  electric  drives  upon 
their  radial  drills.  This  company  has  had  a  great  deal  of  ex- 
perience with,  and  has  given  particular  attention  to,  the  matter 
of  electric  diiving.  as  the  accompanying  examples  indicate. 


The  first   example,  which    Is  shown    on  this  page  as  their 
style  A  drive,  is  an  interesting  arrangement  of  a  constant- 


DIKf:CT-UE.\RED  CONST.\NT-SPEED  DRIVE  UPON  A  5-FT.  RADIAL  DRILL. 

AMERICAN    TOOL    WORKS     COMPANY. 


"^'      -        ■  GEARED   V.VRIABLE-Sl'Kl  n    l'KI\l      1_  >  1  1  Li;    E)     IPUX    THE    M. 

l,E,\BED  CONSTANT-SI'EED   DRIVE    (STYLE   A)    UPON   THE  NO.   1   RADIAL  DRILL. — TRIUMPH      ELECTRIC     COMPANY'S      MOTOR     WITH 

DRILL. — WESTINGHOUSE      l.NDUCTION      MOTOR.  FIELD    CONTROL. 

BICKFOKD    DRILL    i  TOOL   COMPANY. 
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speed  motor  used  in  connection  with  a  two-speed  gear  box 
on  ttie  drill.  This  tool  is  the  No.  1  radial  drill  equipped  with  a 
3-h.p.,  Type  C,  Westinghouse  induction  motor,  operating  at 
710  rev.  per  min.,  on  a  2-phase,  3,000-aUernation,  200  volt,  cir- 
cuit. The  motor  sets  on  a  bracket  made  to  fit  the  standard 
drill  base  and  operates  through  a  two-speed  gear-box  which, 
in  conjunction  with  the  four-speed  back  gears,  gives  a  range 
of  eight  speeds,  varying  in  geometrical 
progression  from  40  to  176  rev.  per  min. 

Tlie  above  drive  is  not,  however,  to  be 
generally  recommended,  as  it  is  limited  in 
speed  range  to  only  eight  speeds  ;  for  use 
where  a  constant  speed  alternating-current 
motor  must  be  used,  it  offers  many  advan- 
tages—this is  a  condition  that  is  often  met 
and  is  in  this  case  well  provided  for. 

The  drive  illustrated  on  this  page,  which 
is  termed  their  style  D  drive,  is  more  gen- 
erally applicable,  as  it  is  arranged  for  direct 
current.  This  tool  is  also  the  No.  1  Bick- 
ford  radial,  and  is  equipped  with  a  3-h.p. 
Luudell  constant  -  speed  direct- current 
motor,  mounted  on  an  extension  of  the 
base.  The  di'ive  is  tlu'ough  a  silent  chain 
to  the  sprocket  on  the  speed  box,  which  in 
this  case  is  the  weU-known  4-.speed  main 
driving  mechanism  which  is  used  on  the 
Bickford  drills— this  device  was  fully  de- 
scribed on  pages  178  and  179  of  our  May, 
1903,  issue.  By  means  of  this  mechanism 
and  the  4-speed  back  gear  on  the  rear  of  the 
arm,  16  speeds  are  available  at  the  spindle. 
As  may  be  noted  from  the  engraving,  in 
this  drive  the  motor  starting  box  is  located 
on  the  tool  between  the  motor  and  speed 
box,  making  the  tool  and  its  drive  entirely 
self-contained  and  capable  of  portable  use 
in  a  shop.  silent 

On  page  381  is  illustrated  the  style  E 
drive  of  the  Bickford  Drill  &  Tool  Co.   This 

is  stated  to  be  their  cheapest  and  best  method  of  variable-speed 
driving,  as  the  motor  speeds  are  varied  by  field  control,  which  is 


AN     INTEEESTING     AKEANGEIIENT    OF     CONE-PtJLLET     COUNTEKSHAIT! 

KOB    USE    WITH    A    CON.STANT-SPEED    MOTOR. — DESIGNED    BY 

BEAMAN    &    SMITH. 

the  more  efficient  method.     In  this  drive  the  main-drive  speed 
box  is  left  off,  as  it  is  unnecessary. 

This  tool  Is  also  the  No.  1  radial  drill,  equipped  with  a  3- 
h.   p.   variable-speed   motor,   built   by   the   Triumph    Electric 


CHAIN    CONSTANT-SPEED   DBIVE    (STYLE  D)    UPON    THE    NO.    1 
KADIAL    DEILL. — BICKFORD    DRILL    &    TOOL    CO. 

j^Co.,  Cincinnati,  O.  It  is  mounted  on  an  extension  of  the  base, 
"and  the  power  is  transmitted  to  the  gear  box  by  means  of  two 
spur  gears  and  a  raw-hidS  pinion  which,  after  proper  adjust- 
ment of  the  number  of  teeth  in  the  pinion  to  suit  the  speed 
of  the  motor  with  which  it  is  to  be  used,  will  furnish  a  correct 
range  and  gradation  of  speeds  for  all  sizes  of  drills  given  on 
the  standard  Bickford  speed-plates. 

The  two  following  engravings  illustrate  methods  of  mount- 
ing cone  pulleys  for  use  in  connection  with  constant-speed 
individual  drives,  which  have  been  used  with  marked  success 
under  conditions  where  any  other  arrangement  would  have 
been  impossible. 

The  former  is  a  view  of  a  special  A  frame  support  that  was 
designed  by  Beaman  &  Smith,  Providence,  R.  I.,  for  use  upon 
one  of  their  large  horizontial-spindle  drilling  and  boring  ma- 
chines. The  conditions  were  such  that  it  was  necessary  to 
mount  the  cone  pulleys  on  the  tool  at  the  rear  of  the  spindle 
column,  and  this  arrangement  provided  for  mounting  them 
vertically  without  bringing  the  cone  centers  too  close. 

TS;'.;  A  frames  are  of  cast-iron,  well  braced,  at  the  top  of 
which  is  mounted  the  countershaft,  which  is  driven  by  belt 
direct  from  the  motor  and  carries  the  driving  cone.  The 
cone  upon  the  tool's  drive  is  directly  beneath  the  countershaft 
cone.  There  is  also  a  wide  face  pulley  upon  the  countershaft 
from  which  is  driven,  through  a  belt  shifter  arrangement,  the 
mechanism  at  the  rear  for  raising  and  lowering  the  spindle 
saddle  upon  the  column.  The  motor  used  in  this  drive  is  a 
5-h.p.,   C  &  C.   constant-speed,  220-volt,   direct-current  motor. 

The  remaining  .engraving  shows  a  sketch  of  a  motor  mount 
that  is  in  use  at  the  Baldwin  Locomotive  Works,  upon  an 
individual  drive  that  has  been  applied  to  a  Niles  radial  drill. 
A  large  number  of  tools  have  there  been  equipped  for  electric 
driving,  this  example  being  one  of  the  neatest  arrangements 
to  be  found  for  constant-speed  driving. 
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As  may  be  seen  from  the  sketch  the  stand  Is  built  up  of 
angle-iron  framing  and  is  well  braced.  It  rests  on  the  floor 
independent  of  the  drill  and  supports  the  motor,  a  Westing 
house  constant-speed  direct-current  machine,  upon  the  top. 
The  motor  drives  the  countershaft  which  is  immediately  below 


MOTOR    AND    COUNTEKSHAFT    SUPPOET    USED    ON    A    CONSTANT-SPEED 

DBIVE  FOH  A  KADI.M,  IJKII.L  AT  THE  BALDWIN 

LOCOMOTIVE  WORKS. 


it,  from  which  the  drive  of  the  tool  is  derived,  as  shown.  This 
arrangement  is  very  satisfactory,  in  spite  of  the  closeness  of 
pulley  centers,  and  gives  plenty  of  head  room  for  cranes  and 
take  up  almost  no  extra  floor  space. 


ATTITUDE  OF  PRODUCERS  TOWARD  SPECIFICATIONS. 


Dr.  C.  B.  Dudley,  of  the  Pennsylvania  Railroad,  presented 
a  valuable  paper  upon  "The  Making  of  Specifications"  before 
the  American  Society  for  Testing  Materials,  from  which  the 
following  paragraph  is  quoted: 

"We  are  well  aware  that  many  producers  object  to  specifica- 
tions on  the  ground  that  they  are  annoying  and  harassing, 
and  really  serve  no  good  purpose.  On  the  other  hand,  we  are 
able  to  say  that  some  manufacturers  have  asked  that  specifi- 
cations be  prepared,  and  one  large  producer  indeed  told  us  in 
conversation  that  the  more  difiicult  the  specification  the  better 
they  liked  it,  on  the  ground  that  it  limited  the  competition 
which  they  would  have  in  producing  the  product.  There  is  a 
point  here  which  is  perhaps  worth  a  few  words.  Let  us  sup- 
pose that  an  honest  manufacturer  is  making  a  good  product. 
He  understands  his  business  and  has  good  facilities  and  is 
turning  out  an  excellent  article.  When  he  comes  to  sales  he 
is  called  upon  to  meet  in  competition,  let  us  assume,  those 
who  are  not  equally  well  equipped,  and  who  in  order  to  secure 
a  market  must  offer  lower  prices.  In  order  to  recoup  for  this 
diminution  in  price  he,  of  course,  must  make  an  inferior 
product.  So  long,  therefore,  as  the  consumer  buys  on  price 
alone,  and  without  any  specification  or  examination  of  ship- 
ments, the  honest,  competent  manufacturer  is  at  a  disadvan- 
tage. On  the  other  hand,  if  there  is  a  good,  workable  specifi- 
cation in  force  and  each  shipment  is  examined,  the  unfair 
competition  of  the  inferior  manufacturer  is  entirely  elimi- 
nated. We  have  many  times  stated  in  conversation  with  man- 
ufacturers that  in  our  judgment  those  who  are  doing  a  legiti- 
mate, straightforward,  honest  business  should  be  the  strongest 
friends  that  specifications  have,  and  it  is  gratifying  to  be  able 
to  state  that  many  manufacturers  of  commercial  products 
look  at  the  matter  in  this  light." 


COIVliVlUNICATIONS. 


A  SUGGESTION  WITH  REFERENCE  TO  THE  "AMERICAN 
ENGINEER"  TESTS. 


To  the  Editor : 

As  the  result  of  a  careful  study  of  ProfeHSor  Gobs'  report  upon 
the  American  Engineek  tests  of  locomotive  draft  appliances,  which 
i.s  concluded  in  the  current  issue  of  your  paper,  I  have  no  heHitation 
in  characterizing  thi.s  report  ils  a  record  of  one  of  the  most  ably 
couducled  and  inactically  valuable  investigations  in  scientific  loco- 
motive engineering  whicli  ha.s  ever  been  carried  out.  It  is  alike 
worthy  of  Profe.s.sor  Gos.s  and  of  the  American  Enoineeb,  to  whose 
liberality  and  initiative  these  tests  owe  their  existence.  The  report 
is  a  cla.ssic  in  its  special  department  of  science,  but  it  is  feared  that 
in  the  future  there  will  be  many  persons  desirous  of  utilizing  it,  to 
whom  the  complete  series  of  numbers  of  the  American  Engineer 
containing  the  report  will  not  b<'  available.  It  is  probable  that  this 
report  will  be  of  interest  and  value  so  long  as  the  present  type  of 
steam  locomotive  exists,  and  in  ordi-r  that  it  shall  be  for  all  time 
readily  available  for  reference  and  study,  I  beg  leave  to  suggest 
through  your  columns  to  the  executive  committee  of  the  Railway 
Jlaster  Mechanics'  Association  that,  with  your  permission,  this  re- 
port be  made  of  permanent  record  by  publication  next  year  in  the 
proceedings  of  the  association.  Edwahd  L.  Coster, 

Honorary  Member  Ma.ster  Mechanics'  Association. 

25  Broad  Street,  New  York,  September  8,  1903. 


SIDE  BEARINGS  FOR  TENDERS. 


To  the  Editors : 

From  what  I  can  learn,  the  majority  of  railways  never  use  any 
side  bearings  on  the  front  trucks  of  tenders.  I  have  looked  this 
matter  up,  but  have  been  unable  to  find  any  good  reason  for  this 
established  practice.  I  take  the  liberty  of  asking  or  suggesting 
that  some  time  in  the  future  you  will  give  an  article  in  your  journal 
discussing  the  matter.  I  feel  sure  that  others  are  in  the  dark  on 
this  question  and  that  we  will  all  be  mutually  benefited  by  it. 

J.  P.  Caxligan. 

Marshall,  Texas. 

Many  railroads  use  side  bearings  on  the  leading  trucks  of  tenders. 
Others  have  used  and  abandoned  them,  but  with  the  advent  of  satis- 
factory roller  and  ball  side  bearings  the  practice  will  undoubtedly 
become  general. 

Side  bearings  of  the  usual  type  increase  the  difficulty  of  curving. 
Tenders  are  usually  short,  and  it  is  possible  for  the  side  bearings  on 
the  rear  trucks  to  prevent  the  rocking  of  the  tender.  Furthermore, 
the  rear  truck  carries  the  greater  part  of  the  load.  These  are  un- 
doubtedly the  reasons  for  the  apparent  abandonment  of  side  bear- 
ings on  front  trucks  which  our  correspondent  has  noted.  They  have 
not  been  abandoned,  and  are  likely  to  appear  in  larger  numbers  in 
the  future. — Editors. 


THE  BORING  MILL  THAT  BROKE  DOWN. 


To  the  Editor : 

I  was  much  interested  in  the  experience,  noted  on  page  267  of  the 
July  issue  of  the  American  Engineer  (editorial  correspondence), 
with  a  96-in.  boring  mill  at  a  large  railroad  shop,  which  proved  to 
be  "not  strong  enough."  The  case  cited  was  one  that  does  not 
speak  well  for  the  machine-tool  builders,  and  moreover  it  brings  up 
a  subject  that  deserves  more  attention  than  it  usually  receives. 

If  correctly  designed,  the  driving  belt  of  a  machine  of  this  kind 
should  be  the  weak  point ;  and  the  belt  should  slip,  even  if  quite 
tight,  before  the  gears  should  break.  But  it  is  not  surprising  that 
this  mill  broke  down.  There  were  three  things  which  especially 
contributed  to  the  breakage: 

First,  the  10-h.p.  motor — as  usually  designed  for  average  work, 
boring  mills  of  this  size  require  .about  3%  h.p.  to  drive,  or,  in 
extreme  cases,  5  h.p.  might  be  needed  if  the  belt  were  kept  very 
tight. 

Second — five  tires  had  already  been  bored  before  the  "last  straw." 
Now,  it  is  safe  to  guess  that  the  tool  had  become  somewhat  dulled, 
and  it  does  not  take  much  dulling  when  turning  tire  steel  to  cause 
a  demand  for  double  the  power,  or  more,  than  when  the  tool  is 
sharp.  With  the  cutting  tool  in  good  condition  and  working  with 
a  feed  of  Vs  in.  and  a  depth  of  cut  of  3-16  in.,  the  power  required 
would  probably  not  be  less  than  5  h.p.  for  such  material.  This, 
with  a  tool  considerably  dulled,  may  have  increased  to  10  or  12  h.p. 
Under  such  conditions  a  belt  would  ordinarily  have  slipped  on  most 
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tools  and  forced  a  regrinding  of  the  tool ;  but  upon  a  good  motor 
considerable  additional  load  may  be  placed  before  it  will  lay  down — 
in  this  case  the  motor  held  up  and  the  gearing  failed. 

Third — the  operator's  ambition  to  "pile  up  tires,"  which,  while 
we  must  commend  it.  was  undoubtedly  unfavorable,  and  if  he  had 
reground  that  tool,   he  would  probably  have  spared   the  mill. 

A  word  about  those  speeds :  A  range  of  16  to  975  ft.  per 
minute  is  a  ratio  of  about  01  to  1 ;  or,  with  a  given  cutting  speed 
for  the  maximum  diameter  of  96  ins.,  the  minimum  diameter  for 
same  cutting  speed  would  be  1.6  ins.,  approximately.  This  is  a 
somewhat  greater  range  than  usual,  and  more  than  necessary,  but 
not  much  more  than  some  users  demand.  It  is  seldom  that  such 
an  extreme  range  is  needed,  but  sometimes  a  buyer  thinks  it  neces- 
sary and  "kicks"  if  he  doesn't  get  it.  I  have  seen  2-in.  holes  bored 
on  a  10-ft.  boring  mill.  As  you  stated,  however,  such  a  range 
seems  unnecessary  in  this  case,  and  it  does  look  as  though  some- 
thing were  a  little  bit  out.  J.  C.  Steen. 


PERSONALS. 


Mr.  Robert  Rennie  has  been  appointed  shop  superintendent 
of  the  St.  Louis  &  San  Francisco  at  Springfield,  Mo.  He  has 
been  mechanical  engineer  of  this  road. 


Mr.  T.  J.  Cutler,  master  mechanic  of  the  Northern  Pacific  at 
Glendive,  Mont.,  has  been  transferred  in  the  same  capacity  to 
Jamestown,  N.  D.  He  is  succeeded  at  Glendive  by  Mr.  C.  E. 
Allen,  traveling  engineer. 


INSPECTION     LOCOMOTIVE     FOR     THE     BOSTON    & 
ALBANY    RAILROAD. 


Mr.  Charles  E.  Fuller  has  resigned  as  assistant  mechanical 
superintendent  of  the  Erie  to  succeed  Mr.  A.  L.  Humphrey  as 
superintendent  of  motive  power  of  the  Chicago  &  Alton,  with 
headquarters  at  Bloomington,   111. 


This  new  inspection  locomotive  was  recently  built  at  the 
AUston  shops  of  this  road  and  will  be  used  by  officials.  The 
locomotive  is  an  old  one  rebuilt,  and  is  more  powerful  than 
those  usually  used  in  such  service,  being  capable  of  hauling 
three  heavy  cars  if  necessary.  A  large  12  x  9-ft.  observation 
room  is  provided  over  the  boiler,  and  back  of  this  are  the 
engineer's  cab  and  fireman's  com- 
partment. Special  insulation  was 
provided  over  the  boiler  to  keep  the 
observation  room  cool  and  the  venti- 
lation, by  aid  of  a  pneumatic  fan,  is 
unusually  eflfective.  Air  ducts  through 
the  ceiling  carry  the  outgoing  air  to 
the  hood  back  of  the  car,  fresh  air 
being  introduced  through  a  regulat 
ing  box  in  front.  An  Edwards  equip- 
ment supplies  current  for  an  electric 
headlight  and  incandescents  in  the 
observation  room  and  cab,  as  well  as 
under  the  running  board.  The  engine  i-N.-sitc 

has    the    Westinghouse    high-speed 

brake  and  also  "straight  air,"  with  shoes  on  all  the  wheels. 
Throughout,  the  equipment  is  very  complete.  In  the  following 
table  the  chief  dimensions  are  presented: 

Observation  room    9  by   12  ft. 

Total  wheel  base  of  engiiie 21   ft.  8  Ins. 

Driver  wheel  base 93   ins. 

Total  wheel  base,  including  tender 42  ft.   11  ins. 

Cylinders 16  by  22   ins. 

Drivers    60    ins. 

Weight  on  drivers 50,000   lbs. 

Total   weight    78,000    lbs. 

Boiler  pressure   130  lbs. 

Diameter   of   boiler 50    ins. 

Total  heating  surface 1,048  sq.   ft. 

Grate  area 16  sq.   ft. 


Robert  C.  Blackall  died  suddenly  at  his  home  in  Albany, 
August  31.  He  was  a  veteran  of  over  fifty  years'  service  in 
motive  power  work  and  one  of  the  best-known  members  of  the 
railroad  mechanical  associations.  He  was  born  in  Albany  in 
1831  and  spent  all  of  his  years  of  railroad  work  in  the  neigh- 
borhood of  his  boyhood  home.  Mr.  Blackall  was  a  past  presi- 
dent of  the  Master  Mechanics'  Association  and  was  honored 
and  respected  by  an  unusually  large  circle  of  friends.     Four 
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years  ago  he  was  retired  from  active  service  on  the  Delaware 
&  Hudson,  where  he  had  served  as  superintendent  of  motive 
power  for  twenty-nine  years. 


German  papers  report  the  discovery  by  a  Frenchman  named 
Mollard  of  a  new  metal  called  "selium."  The  discoverer 
claims  that  selium  will  cost  but  one-twelfth  as  much  as  alumi- 
num and  is  lighter  and  stronger.  It  does  not  rust  and  is 
therefore  suitable  for  use  in  shipbuilding,  for  the  manufac- 
ture of  pipes  and  for  railroad  construction.  It  is  capable  of 
a  fine  polish,  resembling  nickel.  Its  density  is  2,C  and  its 
hardness  not  quite  that  of  iron,  but  greater  than  lead  or  zinc. 
Its  power  of  resistance  is  said  to  be  greater  ..nan  that  of  iron, 
but  less  than  that  of  steel. 


Between  the  Ocean  and  the  Lakes.  A  new  edition  of  this  interest- 
ing and  famous  "History  of  the  Erie  Railroad,"  by  Edward 
Harold  Mott.  Size,  ,10  x  12  ins.,  'iW  pages.  A"  complete 
new  index  added.  Price  reduced  to  .f7. 
We  desire  to  call  attention  to  the  fact  that  this  interesting  volume 
is  now  being  offered  to  our  readers  at  a  very  much  reduced  price, 
which  will  bring  it  within  the  reach  of  all.  This  edition  is  similar 
in  all  essential  features  to  the  original  work,  the  binding  being  of  a 
rich  quality,  with  gold  edges  and  letters,  and  the  typographical 
work  is  unexcelled.  It  may  be  opportune  to  state,  for  the  benefit 
of  those  not  familiar  with  the  work,  that  it  is  in  no  sense  a  large 
advertisement  of  the  Erie  Railroad,  being  strictly  a  history  of  the 
early  development  of  American  railroading,  in  which  the  Erie 
played  the  mast  spectacular  part  of  any.  It  has  been  a  scene  of 
an  almost  unbelievable  amount  of  financial  manipulation  and 
scheming,  all  of  which  is  revealed  in  the  most  interesting  manner 
in  this  volume.  We  can  heartily  recommend  the  book  to  all  who 
are  interested  in  railroad  history.  The  reader  is  referred  to  a  more 
complete  reference  to  the  contents  of  this  book,  which  appears  in 
our  advertising  columns. 


Recent  advices  from  the  Walter  A.  Zelnicker  Supply  Company, 
408  North  Fourth  street,  St.  Louis,  Mo.,  indicate  a  very  large  busi- 
ness in  their  line  of  railroad  supplies.  In  their  daily  bulletin, 
which  is  sent  to  all  interested,  are  quoted  large  numbers  of  second- 
hand locomotives,  passenger  and  freight  cars  of  all  kinds,  wheels, 
relaying  rails,  steam  shovels,  machine  tools,  etc.  In  a  recent  bul- 
letin we  notice  a  brand-new  15-ton  steel-car  wrecking  crane,  which 
is  olTered  at  a  very  low  price.  It  has  only  been  comjileted  a  few 
weeks,  and  has  never  been  in  service. 


Rubber  Mats,  Matting  and  Treads. — This  is  the  title  of  a 
very  comprehensive  catalogue  upon  this  subject  that  has  just  been 
received  from  the  Boston  Belting  Company,  250  Devonshire  street, 
Boston,  Mass.  This  company  has  made  a  specialty  of  the  manufac- 
ture of  perforated  door-mats,  with  initials,  for  railroad,  sleeping- 
car,  and  private  companies,  and  also  solid  matting,  car-step  treads, 
etc.,  a  large  number  of  samples  being  carefully  illustrated  in  this 
pamphlet.  The  very  complete  line  of  solid  and  corrugated  matting 
manufactured  by  the  company  is  also  well   illustrated. 
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HINSON  EMERGENCY    KNUCKLE. 


This  device  is  iutenilcil  Cor  use  in  (Mnnecting  automatic 
couplers  in  case  of  tlio  lirrakage  of  one  of  tlie  Icnuckles.  The 
engravings  illustrate  its  construction  and  application.  It  is 
adapted  for  use  with  all  couplers  which  have  the  pivot  pin 
and  its  outline  is  such  as  to  couple  automatically  with  all 
couplers  of  the  M.  C.  B.  lines.     A  handle  is  incorporated  in 


/y£iv)rjr.  coi/mo. 


is  provided,  which  benefits  the  fire  and  incrriases  the  lite  of  the 
bars.  As  these  are  trussed,  they  are  strong  and  not  liable  to 
warp.  It  is  stated  that  by  using  these  grates  a  lower  grade  o' 
f^iel  may  l.e  burned  and  the  frequency  of  cleaning  fires  largety 
ifduced.  Clinker  does  not  fasten  itself  to  these  grates  and 
this  is  in  Itself  a  reason  for  long  life,  as  well  as  economy 
of  fuel. 

The  engraving  illustrates  the  application  to  a  marine  fur- 
nace, where  the 
qualities  of  grates 
are  more  severely 
tested  than  in  any 
service,  except 
possibly  that  of 
locomotives.  This 
is  unquestionably 
a  good  grate  bar. 
Further  informa- 
/r/?l/nrD  0/\r Ci//^yC.      ^^  y^  uon   may  be  had 

from    Mr.    A.    B. 
Willoughby,     sell- 
ing agent  of  the  St.  John  Grate  Bar  Company,  Machinery  De- 
partment, The  Bourse,  Philadelphia,  Pa. 


//Kjfcr  or  coi/pum 


the  casting  in  order  to  carry  it  about  easily.  These  emergency 
knuckles  are  so  formed  as  to  insure  against  uncoupling  in 
service.  The  knuckle  must  move  about  its  pivot  pin  in  order 
to  uncouple  and  the  arm  carrying  the  handle  bears  against  the 
face  of  the  mating  knuckle  when  coupled,  which  prevents  such 
rotation.  Obviously  this  coupling  is  more  satisfactory  than 
the  link.  Moreover,  the  use  of  such  a  device  as  this  permits 
the  abandonment  of  the  knuckle  slot  and  pin-hole  which  seri- 
ously weaken  the  knuckles  of  automatic  couplers.  This 
knuckle  is  manufactured  by  the  National  Car  Coupler  Com- 
pany, of  which  Mr.  J.  A.  Hinson  is  president.  Further  infor- 
mation may  be  obtained  from  the  manufacturers,  525  Monad- 
nock  Block,  Chicago. 


THE   ST.    JOHN    GRATE    BAR. 


The  improved  construction  of  grate  bars  which  is  embodied 
in  the  St.  John  grate  bar  has  proved  very  successful  in  ser- 
vice in  marine  and  stationary  steam  boilers.  It  is  used  on 
four  United  States  naval  cruisers  and  five  battleships,  as  well 
as  on  steamers  of  the  American  Line  and  other  lines. 

The  bars  are  rocked  singly  and  independently  by  means  of 
their  projecting  ends  and  are  rocked  alternately.     By  shaking 


"I 


THE    ST.    JOHN    GRATE    BAR,    AS    APPLIED    TO    A    MARINE    BOILER. 

the  bottom  of  the  fire  evenly  the  clinker  is  carried  to  the 
ash  pit  as  soon  as  possible  instead  of  forcing  it  upward  through 
the  fire.  The  cutting  effect  is  produced  by  the  side  cutting 
edges  as  well  as  the  creists  of  the  corrugations,  the  large  sur- 
face of  the  fire  not  being  disturbed  as  is  the  case  with  bars  hav- 
ing a  large  lifting  effect.    By  this  construction  a  large  air  space 


REAMING    ATTACHMENT    FOR    ROD    STRAPS. 


At  the  Albuquerque  shops  of  the  Santa  Fe,  Mr.  W.  L.  Essex, 
general  foreman,  showed  the  writer  an  excellent  device  for 
reaming  holes  for  rod  strap  bolts.  The  expense  of  reaming 
these  holes  by  hand  led  to  experiments  upon  driving  the 
reamer  by  power  in  an  ordinary  drill  press.  In  such  work  it 
is  essential  that  the  reamer  should  "float"  and  be  unrestrained 


DEVICE    FOR    REAMING    BOD    STRAPS. 

and  free  from  constraint  of  the  machine  as  to  alignment, 
'inis  is  provided  in  this  attachment  by  a  universal  joint,  the 
construction  of  which  is  clearly  seen  in  the  accompanying  en- 
graving. The  upper  and  lower  shanks  of  the  jointed  part 
fit  the  spindle  of  the  machine  and  the  reamer  with  the  usual 
tapers.  Special  care  in  leveling  the  rod  does  not  seem  to  be 
at  all  necessary,  and  the  results  are  all  that  may  be  desired. 
The  drill  press  is  made  ready  and  the  work  set  up  in  about 
ten  minutes.  It  then  requires  about  fiiteen  to  twenty  minutes 
to  ream  a  hole.  Doubtless  this  time  will  be  very  much  re- 
duced as  the  men  become  accustomed  to  the  work. 
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AN  INTERESTING   NEW    J7-INCH    ENGINE   LATHE. 
With  Power-Feed  Automatic  Titeret  on  the  Shears. 


GREAVES,    KLUSMAN    &    CO. 


We  desire  to  call  attention  to  a  new  design  of  engine  latlie 
which  has  recently  been  perfected  by  Greaves,  Klusman  &  Co., 
Cincinnati,  Ohio,  for  the  reason  of  the  large  number  of  modern 
labor-saving  attachments  that  have  been  incorporated  and  also 
the  application  of  an  automatic  power-feed  turret  on  the  shears, 
for  rapid  duplicate  manufacturing,  which  is  becoming  so  very 
important  in  large  railroad  shop  practice.     A  lathe  of  the  type 


and  the  spindle  is  large  and  is  finished  by  grinding  to  ensure 
absolute  truth  of  round.  The  carriage  has  a  bearing  through- 
out its  entire  length  on  all  four  of  the  V-ways  to  provide 
ample  rigidity.  The  design  of  the  apron  mechanism  is  most 
up-to-date  and  improved,  embodying  an  arrangement  whereby 
all  feeds  are  reversed  at  that  point  and  also  a  safety  device  to 
prevent  both  the  rod  and  the  screw  feeds  being  thrown  in  at 
the  same  time.  An  index  dial  arrangement  Is  provided  on  the 
carriage,  in  connection  with  the  lead  screw,  to  take  care  of 
thread  cutting,  so  that  there  is  no  necessity  of  reversing  the 
lathe  when  running  the  threading  tool  back  for  another  cut. 

A  full   range  of  geared   feeds  are  provided   by  the  change 
gears,  and  without  the  use  of  the  lead  screw;   there  is  also  a 


A  >;ew  design  of  engine  lathe,  with  automatic  power-feed  turkkt  attachmknt. 


IlEAI!   MEW  OF  the  LAIIIE,  SHOWING  TURRET  MECHANISM   AND  TAPEB-TUKNING   ATTACHMENT. 

GREAVES,  KLUSMAN  &  CO. 


illustrated  herewith  is  particularly  adapted  for  use  in  rail- 
road shops,  inasmuch  as  it  can  so  easily  be  changed  over  for 
either  plain  lathe  work  or  for  rapid  duplicate  manufacturing. 
This  is  an  important  feature,  as  in  many  of  the  smaller  shops  it 
might  not  pay  to  have  a  separate  turret  lathe,  while  a  duplicate 
machine  of  this  kind  could  easily  be  afforded,  as  it  would  never 
need  to  be  Idle. 

Two  illustrations  are  presented,  one  a  front  view  and  the 
other  a  rear  view.  As  may  be  seen  at  a  glance  from  its  gen- 
eral appearance,  this  lathe  is  well  proportioned  and  is  ap- 
parently well  equipped  for  the  heaviest  work  within  its  range, 
'ine  builders  inform  us  that  all  parts  have  been  newly  designed 
and  that  an  entirely  new  set  of  patterns  were  provided — this 
to  enable  the  tool  to  be  brought  up  to  the  strength  required 
by  the  new  highspeed  tool-steel  practice. 

Both  the  headstock  and  the  tallstock  are  built  very  heavy, 


belt  feed,  having  four  cone  changes,  and  the  feeds  may  be 
operated  by  either  belt  or  gearing,  without  disconnecting 
either.  Threads  may  be  cut  from  2  to  48  per  inch,  either  right 
or  left,  without  changing  any  gears.  The  friction  cross-feed 
is  graduated  to  one-thousandths  of  an  inch  and  is  so  arranged 
that  if  it  is  allowed  to  run.  beyond  its  limit  no  harm  will  be 
done — an  important  feature  for  the  cross  feed. 

The  turret  design  is  heavy  and  rigid  and  is  calculated  to 
provide  for  heavy  and  rapid  machining.  It  is  arranged  en- 
tirely different  from  prevalent  designs,  and  combines  many 
features  of  advantage.  In  addition  to  the  regular  feed  cone 
changes,  it  has  in  itself  three  changes  of  feed,  which  are  direct- 
ly under  the  control  of  the  operator,  from  the  front  side  of  the 
turret  by  a  lever  next  to  the  pilot  wheel.  The  builders  pro- 
vide either  a  round  or  hexagonal  turret  for  use  on  this  lathe, 
as  desired. 
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The  principal  dimensions  of  this  interesting  tool  are  as  fol- 
lows: 

Length  of  bed   (6-ft.  latho) 6  ft.  5  Ins. 

Swing  over  bed iT/i  Ins. 

Swing  over  can'lagc 9%  Ins. 

Will  turn  in  length 2  ft.  10  ins. 

Will  tvirii  in  lenjrtli,  with  tnllstock  extended 3  ft.  2  Ins. 

Ratio  of  baik  Kuaring 12  to  1 

Front  spindle  bearing Diameter,  2  13-16  Ins. ;    length,  4%  Ins. 

Rear  spindle  bearing Diameter,  214   Ins..    lengfh,  4 '4  Ins. 

Hole   in   spindle 17-16  Ins. 

Coinponnd   rest  travel 4  Ins. 

Head  i-one  pulley  ; 

2%   ins.  taee;    4%,  G',i,  8Vi.  10  and  11%   Ins.  diameter 

Weight  of  lathe,  with  6-tt.  bed  and  turret 2,400  lbs. 

Weight  of  hed,  per  foot 115  lbs. 


AN  INTERESTING    MOTOR-DRIVE  FOR     A 
TAL    BORING    MACHINE. 


HORIZON- 


At  the  time  when  individual  motor  driving  for  machine  tools 
was  flrst  coming  into  use,  motor  applications  were  made  that, 
in  the  light  of  present  practice,  would  be  regarded  as  crude  to 
say  the  least.  But,  later,  with  the  benefit  of  previous  e.x- 
perience,  the  number  of  creditable  designs  of  motor  driving 
increased,  until  now  it  is  exceptional  to  meet  with  a  new  ar- 
rangement which  does  not  possess  a  fair  quota  of  commendable 
features.  But  even  among  the  most  approved  designs  of  the 
present  day,  seldom  is 
so  simple  and  commend- 
able an  arrangement  en- 
countered as  the  one 
employed  on  the  drive 
of  the  horizontal  bor- 
ing machine  illustrated 
herewith. 

The  tool  is  a  No.  3 
Barret  boring  machine, 
similar  in  all  particulars 
to  the  belt-driven  style, 
except  that  the  cone 
pulley  is  replaced  by  a 
Crocker-Wheeler  13-h.p. 
multiple-voltage  system 
motor,  mounted  on  a 
special  cast-iron  base 
which  is  bolted  to  the 
bed  of  the  machine 
proper.  The  equipment 
occupies  a  floor  space 
over  all  of  18  ft.  IVj 
ins.   long    (exclusive   of 

the  projection  of  the  boring  bar),  by  7  ft.  4  ins.  wide.  The 
boring  bar  is  6  ins.  in  diameter  and  16  ft.  8  ins.  long.  An  Albro 
■worm  and  worm  gear  with  a  ratio  of  70  to  1  transmits  power 
from  the  motor,  thus  affording  a  very  smooth  and  even  motion  to 
the  boring  bar,  particularly  desirable  in  cylinder  boring  and 
similar  worli.  The  worm  and  worm  gear  are  encased  in  one 
casting,  which  protects  the  gears  and  also,  with  by  means 
of  a  stuffing  box  surrounding  the  worm  shaft,  retains  the  lub- 
ricating oil. 

The  bearings  in  the  pedestals  supporting  the  boring  bar  have 
their  centers  24  ins,  above  the  bed  and  are  bored  out  9  ins. 
in  diameter  to  provide  for  sleeves,  which  are  fixed  against  end- 
wise displacement  but  are  provided  with  feathers  which  en- 
gage the  keyway  extending  the  length  of  the  splined  boring 
bar  so  as  to  cause  all  to  rotate  simultaneously.  The  arms, 
which  carry  facing  blocks,  are  mounted  on  extensions  of  the 
sleeves  between  the  pedestals.  The  latter  support  the  facing 
tools  and  are  arranged  to  feed  axially  or  at  right  angles  thereto. 
For  inside  boring  a  cutting  head,  not  shown,  is  secured  to 
the  boring  bar,  the  feeding  being  accomplished  by  sliding  the 
whole  bar  endwise.  The  extended  frame  shown  at  the  right 
of  the  machine  with  a  third  bearing  at  its  outer  extremity 
contributes  to  the  rigidity  of  the  bar  and  supports  the  feeding 
mechanism,  which  consists  of  a  slidable  carriage  containing  a 


sleeve  that  revolves  with  the  boring  bar  and  may  be  secured 
to  it  at  any  point,  so  that  any  shifting  of  the  carriage  causes 
a  lengthwise  movement  of  the  boring  bar. 

The  drive  to  the  tool  has  only  one  speed  reduction,  but  the 
machine  has  a  range  of  twelve  speeds  in  either  direction,  vary- 
ing from  2  2-7  to  15  3-7  rev.  per  min.,  secured  by  speed  control 
of  the  motor.  The  motor  is  wound  for  the  Crocker-Wheeler 
multiple-voltage  system,  whereby  six  fundamental  speeds  are 
obtained  by  different  voltage  combinations,  increasing  by  incre- 
ments of  40  from  zero  to  240  volLs  and  the  six  intermediate 
speeds  through  the  use  of  a  small  resistance  between  each 
fundamental  step. 

The  Barret  boring  machine  is  built  by  the  Meadvllle  Vise 
Company,  Meadvllle,  Pa.,  and  the  motor  applied  la  a  size  lO-I 
shunt  motor,  semi-enclosed  type,  supplied  by  the  Crocker- 
Wheeler  Company,  Ampere,  N.  J. 


For  an  increase  in  speed  of  a  single  knot  per  hour,  it  is 
necessary  to  add  30  ft.  to  the  length  of  a  25-knot  ship,  and  to 
add  10,000  h.  p.  in  the  machinery,  also  1,255  additional  tons  of 
coal  must  be  provided.  This  would  involve  increasing  the  dis- 
placement by  3,100  tons  and  adding  80  men  to  the  engineer's 
staff.  The  increased  cost  would  be  ?1, 250,000.  Recent  negotia- 
tions between  the  Cunard  Company  and  the  British  admiralty 


A   REM.\BKABI,Y    SIMPLE  ARRANGEMENT  FOR  ELECTRIC   DRIVIXG    UPON    A   BARRET  BORIXG    MACHINE.. 13-H.   P. 

CROCKER-WHEELER   MULTIPLE    \0LT.A^GE  MOTOR. 

concerning  the  building  of  two  new  25-knot  vessels  developed 
an  estimate  of  the  comparative  costs  of  construction  and  opera- 
tion of  20  and  26-knot  vessels,  the  investigation  being  based 
on  a  20-knot  ship  600  ft.  long,  with  19,000  h.  p.  and  consuming 
2,228  tons  of  coal  in  a  single  trip.  Such  a  ship  would  cost 
?1,750,000.  A  23-knot  vessel  would  be  690  ft.  long,  would  re- 
quire 30,000  h.  p.,  and  would  cost  $2,875,000.  A  25-knot  vessel 
would  be  750  ft.  long,  would  require  52,000  h.  p.  and  would 
cost  $5,000,000.  A  26-knot  steamer  would  need  to  be  780  ft 
long  and  require  68,000  h.  p.,  the  cost  being  $6,250,000.  Tht 
engineer's  force  on  a  20-knot  steamer  numbers  100;  a  23-knot- 
150  men;  a  25-knot,  260  men  and  a  26-knot,  340  men.  These 
interesting  figures  showing  the  price  which  must  be  paid  for 
high  speeds  at  sea  are  taken  from  the  Scientific  Aiyierican. 


A  gas  engine  of  3,000  h.p.  is  promised  as  a  feature  of  the 
approaching  World's  Fair  at  St.  Louis.  It  will  be  exhibited  by 
the  John  Cockerill  Company,  Seraing,  Belgium,  and  will  be 
direct-connected  to  an  electric  generator. 


MASTER  STEAM  BOILER  MAKERS'  ASSOQATION. 


This  organization  will  hold  its  second  annual  convention  in  the 
Palmer  House,  Chicago,  October  7  to  10.  A  large  attendance  of 
superintendents,  foremen,  assistants  and  "layer-outs"  is  expected. 
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A  NEW  DESIGN  OF  MULTIPLE-SPINDLE  MUD-RING  AND 
FLUE-SHEET    DRILL. 


PISTON    VALVES    IN    DRIFTING. 


For  Locomotive  Work. 


FOOTE,    BURT    &    COMPANY. 

This  drill,  wliicli  is  shown  in  the  halftone  presented  here- 
with, has  been  designed  especially  for  mudring  and  flue-sheet 
drilling  on  locomotive  work,  although  it  is  also  suitable  for 
any  other  type  of  multiple  drilling. 

The  distinctive  feature  of  this  tool  lies  in  mounting  the  six 
independently-fed  heads,  which  are  adjustable  In  their  center 
distance,  on  an  auxiliary  cross  rail,  this  cross  rail,  in  turn, 
being  adjustable  the  entire  length  of  the  main  cross  rail.  By 
this  means  a  mud  ring  can  be  dropped  into  the  two  chucks 
shown  on  table  and  securely  clamped,  and  then  without  mov- 
ing the  work  in  these  chucks,  either  one  or  two  rows  of  rivet 
holes  can  be  drilled  the  entire  length  at  any  spacing  desired. 

All  that  is  necessary  is  to  set  the  heads  on  the  auxiliary  cross- 
rail  at  any  given  multiple  of  the  desired  pitch  of  the  rivet 
holes.  For  instance:  if  the  rivet  holes  are  to  come  at  2-inch 
centers,  the  heads  are  set  at  6-inch  centers,  and  six  holes 
drilled  simultaneously;  then  the  auxiliary  crossrail,  carrying 
the  six  heads,  is  moved  2  inches  and  six  more  holes  are  driDed, 


NEW    6-SPINDl.E    MUD-HING  AND  FLUE-SHEET  DRILL. 
WITH    AIXILIARY  CROSS  RAIL. 
FOOTE,   BURT   &   CO. 

the  operation  being  repeated  the  entire  length  of  either  mud 
ring  or  flue  sheet.  In  case  there  are  two  rows  of  holes  in  the 
mud  ring,  after  the  first  row  is  completed,  the  table  is  merely 
adjusted  out  or  in,  as  the  case  might  be,  to  whatever  distance 
is  required  between  the  two  rows  of  holes,  and  then  the  drill- 
ing operation  can  be  repeated.  For  fliue-sheet  work,  the  same 
mode  of  operation  would  be  pursued,  the  chucks  having  been 
first  removed  from  the  table. 

The  drill  is  provided  with  four  spindle  speeds  and  three 
feeds,  and  weighs,  as  shown,  about  17,500  pounds.  The  manu- 
facturers are  Foote,  Burt  &  Company,  Cleveland,  Ohio. 

SI'ECIFICATIOX.S  OF  THE  FOOTE,  BliRT  &  CO.   MUD-RIKG  DRILL. 

Minimum  distance  between  spindles. ..  .6  ins. 
Maximum  distance  between  spindles. .  .12  ins. 

Distance  between  housings 12  ft.  4  ins. 

Length  of  auxiliary  cross  rail 6  ft. 

Dimensions  of  table.... 12  ft.  4  ins.  x  24  ins. 
■    Cross  Adjustment  of  table 24  ins. 


The  coal-handling  machinery  installed  by  the  C.  W.  Hunt 
Company  at  the  Lincoln  Wharf  power  station  of  the  Boston 
Elevated  Railroad  recently  made  a  new  record  for  rapid  un- 
loading. The  coal  was  raised  90  ft.  above  tidewater  and  de- 
livered to  the  storage  pockets  at  the  rate  of  320  tons  per  hour. 
The  installation  follows  in  general  design  the  standard  Hunt 
steeple-tower  rig,  the  moving  gear  and  coal  cracker  being 
electrically  driven  and  the  hoisting  engine  direct-connected. 
The  folding  boom  has  an  overhang  of  40  ft.  and  the  capacity 
of  the  shovel  is  2  tons. 


The  report  of  the  committee  on  lubrication  of  piston  rods 
presented  to  the  Traveling  Engineers'  Association  records  an 
interesting  experiment  to  ascertain  the  effect  of  allowin.";  a 
locomotive  to  drift  with  the  reverse  lever  "hooked  up,"  and 
thus  ti'st  the  recommendation  made  before  the  Master  Mechan- 
ics' Association. 

"After  the  engine  had  worked  steam  constantly  from  Scran- 
toir  to  Gouldsboro,  a  distance  of  21  miles  and  a  grade  of  60  ft. 
to  the  mile,  steam  pressure  maintained  at  205  lbs.  the  entire 
distance,  I  applied  an  alloy  that  melts  at  286  degs.  to  the  pis- 
ton rod  on  arrival  at  Gouldsboro,  but  it  would  not  melt.  After 
shutting  off  the  steam  and  drifting  down  the  mountain  I  left 
the  reverse  lever  in  working  notch.  The  speed  ranged  from 
25  to  32  miles  per  hour.  The  distance  the  engine  drifted  was 
24  miles,  when  speed  was  reduced  to  about  25  miles  per  hour. 
Relief  valves  opened  only  a  very  short  space  of  time  and  only 
just  a  very  small  opening  as  the  engine  was  passing  the  cen- 
ters. When  speed  was  above  25  miles  per  hour  the  relief  valves 
did  not  open  at  all.  When  about  half  way  down  the  mountain 
I  could  smell  the  cylinders  heating  up.  I  applied  engine  oil 
to  the  piston  rods  and  a  cloud  of- smoke  arose  from  them. 
When  about  three-fourths  of  the  way  down  the  mountain  I  ap- 
plied an  alloy  that  melts  at  286  degs.  temperature  to  the  out- 
side of  cylinder  directly  over  the  steam  passage  ^o  the  front  end 
of  cylinder,  but  the  contact  was  rather  poor  on  account  of  the 
scale  on  the  metal.  Nevertheless  it  melted.  On  arrival  at  the 
foot  of  the  mountain  we  stopped  and  I  applied  the  alloy  that 
melts  at  310  degs.  to'  the  piston  rod  and  it  melted  in  5  seconds. 
I  applied  an  alloy  that  melts  at  334  degs.  and  it  came  very  near 
melting.  It  softened  up  so  that  the  lead  pencil  with  which  I 
held  it  to  the  rod  made  an  indentation  in  the  metal.  This 
engine's  valves  were  blowing  quite  badly  at  the  time  this  test 
was  made;  otherwise  I  am  sure  that  the  temperature  would 
shave  been  raised  very  much  higher.  It  was  also  evident  to 
'me  that  if  the  speed  had  been  increased  to  50  or  60  miles  per 
hour  the  temperature  in  cylinders  would  have  been  so  high 
that  lubrication  would  have  been  of  no  benefit. 

"On  the  next  trip  I  experimented  on  the  same  lines  with  the 
exception  of  dropping  the  reverse  lever  to  the  corner  while  drift- 
ing, and  at  no  time  could  the?286-deg.  alloy  be  melted,  not  even 
on  piston  rod  at  foot  of  mountain.  This  practice  of  leaving 
the  reverse  lever  in  the  working  notch  while  drifting  may  not 
work  any  serious  results  if  only  practiced  while  drifting  into 
stations,  making  stops,  but  I  am  satisfied  that  it  will  not  work 
on  long  descending  grades,  especially  at  high  speed.  It  cer- 
tainly will  result  in  cut  cylinders  and  valves,  as  you  can  get 
no  benefit  from  the  lubrication  on  account  of  the  increasing  tem- 
perature caused  by  excessive  compression.  In  my  opinion  the 
only  way  to  keep  the  reverse  lever  in  working  notch  when 
drifting  is  by  the  adoption  of  some  automatic  valve  arrange- 
ment for  relieving  compression." 


Development  of  the  by-product  coke  ovens  would  seem  to 
offer  the  solution  of  the  problem  of  furnishing  gaseous  fuel 
at  a  low  rate  of  cost,  and  methods  of  distribution  to  compara- 
tively long  distances  make  it  possible  to  locate  the  producing 
plants  at  convenient  geographical  and  commercial  points. 
That  there  is  a  great  waste  of  fuel  where  the  gas  from  the 
ovens  is  not  utilized  is  shown  by  figures  given  for  the  bee- 
hive ovens  between  Altoona  and  Pittsburg.  These  ovens 
probably  make  20,000  tons  of  coke  per  day,  from  which  about 
100,000,000  cubic  feet  of  gas  discharge  into  the  air.  This 
gas,  if  converted  into  power  through  gas  engines,  would  rep- 
resent 5,000,000  h.p.  hours,  or  the  effort  of  about  104  gas 
engines  of  2,000  h.p.  each.  Manufacturers  of  gas  apparatus 
are  now  offering  to  guarantee  the  production  of  a  horse- 
power hour  for  1  lb.  of  fuel — a  result  not  at  present  attain- 
able through  the  medium  of  steam  engines  and  boilers,  ex- 
cept by  the  most  complex  type  of  engine. — H.  O.  Morris,  before 
Engineers'  Club  of  Philadelphia. 


OCTOBKB,     1903. 
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BOOKS  AND  PAMPHLETS. 


lillon.  Instniclor  in  AIff)i:iniriil 
i  pa^;c's,  (»  X '.'  ins.,   in  |iiiin|ilili't 


The  Drafting  of  ("mn.s.     liy  LouIn  I 

Drawing  lit  Ciiluniliia  llniversiit.N  .    ,.     , 

f(irni.  Tlio  second  of  a  sories  i)t  inaitii-al  ijiiiici's,  pnlilislicd  li.y  Uio 
Dci-i'y-C'ollard  Coniiiany,  )3.5(i  Br^ndway,  Now  Vorlf.  I'l-ice  ~'.')  cunts. 
Tlio  important  .snbjcct  of  cam  (Ii-ij;ii  i.s  clncidatod  in  a  most  com- 
mondalde  mannor  in  tliis  pampliln  Ijy  a  clear  explanation  of  the 
principles  involved  and  the  citati<jn  of  methods  of  treatment  for  a 
number  of  practical  examples.  Tlie  two  methods  of  laying  ont  a 
heart-.shaped  cam  are  used  to  illu.strate  the  general  method.  This 
is  followed  by  a  treatise  of  the  nmre  diOicult  cam  problems — those 
whose  lines  of  action  are  not  central  with  the  earn  axis.  The 
treatise  ends  with  the  problem  of  I  be  design  of  a  cam  belt-sbifter 
to  automatically  shift  the  belts  ol  an  iron  planer  at  reversals  of 
motion  of  the  platen.  The  latter  is  one  of  the  problems  in  ma- 
chine design  regularly  given  to  the  students  in  Mechanical  Kngi- 
neering  at  Cornell  University,  ami  involves  very  interesting  study. 
Tliis  work  deserves  to  be  especially  recommended  owing  to  the 
wide  expqrience  of  the  author,  not  only  in  the  line  of  practical 
work,  but  also  in  the  problem  of  in.sliuction  in  drawing.  The  typo- 
graphical work  and  paper  used  in  I  lie  pamiihlet  are  of  the  highest 
order,  making  a  beautiful  result.  'I'liis  pamphlet  is  to  be  followed 
by  others  of  equal  interest  on  important  engineering  subjects. 
Further  information  upon  the  subject  may  be  obtained  from  the 
Derry-CoUard  Company. 


The  Art  of  I'attern-Making.  A  comprehensive  treatise,  with  nu- 
merous examples  of  all  kinds  of  pattern  work.  Hy  I.  McKim 
Chase.  M.E.  2(i0  pages,  12mo,  cloth,  and  21."i  figures.  1003. 
Tubiished  by  .John  Wilev  &  Sons,  4;}  East  Nineteenth  street. 
New  York.  Price  $2..'i0. 
This  is  a  work  the  advent  of  which  will  be  welcomed  by  those 
interested  in  the  important  subject  of  pattern-making.  As  stated 
in  the  preface,  "the  literature  pertaining  to  pattern-making  is  by 
no  meaas  as  extensive  as  the  importance  of  the  business  warrants," 
and  the  lack  has  long  been  felt.  The  author  has,  in  presenting 
this  work,  endeavored  to  record  the  results  of  his  long  and  exten- 
sive experience,  the  majorit.v  of  the  practical  examples  given  being 
taken  from  his  pereonal  experience.  These  are,  however,  supple- 
mented by  further  practical  examples  drawn  from  the  experience  of 
others,  and  from  those  that  have  appeared  in  the  technical  press. 
The  work  begins  with  a  considerable  space  devoted  to  the  equip- 
ment and  management  of  a  pattern  shop,  after  which  is  iiresented 
the  very  comprehensive  series  of  examples  of  practical  pattern  work 
for  all  classes  of  molding,  from  pipe  elbows  to  complicated  cylin- 
der castings  and  screw  propellers,  cast  whole  or  with  separable 
blades.  Considerable  attention  is  paid  to  the  important  subject  of 
core-box  work,  several  excellent  ex;vmples  being  given.  The  inter- 
est that  the  author  has  taken  in  his  life  work  is  evidenced  in  a 
remarkable  nuuiner  in  this  book  and  we  believe  it  will  be  found  a 
desirable  acquisition  to  pattern-making  literature. 


Universal   Directory   of   Railway   Officials,   1903.      Compiled   from 
Official  Sources  under  the  direction  of  S.  Richardson  Blund- 
stone,    editor   of    the   Railway    Engineer.       rublished    by    the 
Directory    Publishing   Company,   3    Ludgate   Circus,    London, 
E.  C.     Representative  for  the  United  States,  E.  A.  Simmons, 
1333  Broadway,  Brooklyn,  N.  Y. 
This  is  the  ninth  annual  edition  of  this  valuable  directory  of 
the  principal  railway  officials  of  the  world.     It  has  been  enlarged 
as  well  iis  revised  and  now  includes  practically  all   the  railways 
and  tramways  operated  by  power  in  the  United  Kingdom.     In  addi- 
tion to  the  names  of  officials  the  book  includes  information  concern- 
ing the  length  and  equipment  of  every  railroad.     It  is  invaluable 
to  those  who  have  correspondence  or  dealings  of  any   kind  with 
railway  officials. 


British  Standard  Sections.  Issued  in  pamphlet  form  by  the  Engi- 
neering Standard  Committee  (England).  D.  Van  Nostrand  Com- 
pany, 23  Murray  street,  New  York.  Price  $1. 
This  publication  coasists  of  nine  lithograph  sheets  in  pamphlet 
form  and  contains  the  dimensions,  thickness  and  profiles  of  the 
standard  structural  sections,  that  are  recommended  by  the  Institu- 
tion of  Civil  Engineers,  the  Institution  of  Mechanical  Engineers, 
the  Institution  of  Naval  Architects,  the  Iron  and  Steel  Institute, 
and  the  IiLstitution  of  Electrical  Engineers.  Tlie  moments  of 
inertia  and  other  important  properties  of  these  sections  are  to  be 
i.ssued  at  a  later  date.  American  engineers  will  note  particularly 
the  large  size  angles  and  Z-bars  contained  in  the  list,  the  largest 
angle  being  10  ins.  x  4  ins.,  and  the  largest  Z-bar,  10  ins.  x  3%  ins. 
X  3%  ins.  American  builders  may  find  this  pamphlet  a  useful  guide 
whenever  the  condition  of  the  market  makes  it  desirable  to  purch.ose 
£Inglisb  steel. 


Raihvay  Carriages  and   Wagons,  Their  Design  and  Construction. 
By   Sidney   Stone,  Assistant  Works   Manager,  Great  Central 
Railway,    England.      I'art    I.      Illustrated,    170   pages,   9x12 
iiLS.   in  size.      Published   by   the  Uailwiiy  I'hiyineer,  3   Ludgate 
Circus  I'uilding,  10.  ('..  Londoij,  England.     Price,  10s.  fjd. 
'J'his    is    the    fourth    woik    by    tlii'se   publishers    in    Ihe    Railway 
Series  of  Text-Books  and  Manuals  by  Railway  Men  for  Railway 
Men    and    Others.      It    is   a    series   of   articles   contributed   by    the 
author  to  the  pages  of  the  Uuilway   Engineer,   rewritten  for   the 
purpose  of  filling  the  neetl  for  a  standard  book  on  this  subject.     It 
represents    English    jiractice    in   car   construction    and    includes    a 
large  number  of  excellent  idiotographs  and  reproductions  of  work- 
ing drawings.     The  author  begins  with  a  study  of  woods.     Wood 
working  machinery  is  next   considered  and  underframes  taken  up. 
BulTeis,   draw  gear   and   iron   details;    wheels,  axles  and  journal 
boxes;    trucks  and  flexible?  wheel  ba.ses  and  continuous  brakes  fol- 
low in  order.     It  is  an  excellent  record  of  present  English  practice, 
with    frequent   references   to   methods   used   in   the   I'liited   States. 
While  most  valuable  to  foreign  engineers  and  railroad  men,  it  per- 
mits of  making  a  careful  study  of  light  and  strong  construction  in 
cars   which  might  be  made  with  advantage  by  those  who  are  con- 
cerned in  the  very  heavy  construction  u.scd  in  this  country. 


The  Star  Improved  Steam  Engine  Indicator.     By  Geo.  IT.  Barrus, 
Expert    and    Consulling    Steam    Engineer.      140    pages,    12mo, 
cloth,   fully  illustrated.     1903.     I'ublished  by  the  Star  Brass 
Manufacturing  Company,  108-114  East  Dedham  street,   Bos- 
ton, Mass.     Price  $1.00. 
This  is  a  treatise  upon  the  principles  and  management  of  the 
steam  engine  indicator,   which   was   prepared   for  the   Star  Brass 
Company,  manufacturers  of  the  well-known  Star  indicator.     It  i?<'^^ 
in  one  sense,  an  advertisement  of  this  particular  make  of  indicator, 
but   nevertheless   the  treatment  of  the  subject   takes  the  form   of 
an  unbiased  statement  of  the  important  principles  and   the  book 
contains  much  that  is  useful   in  indicator  practice.  'A  large  por- 
tion of  the  work  is  devoted  to  a  complete  de.scription  of  this  par- 
ticular instrument,  while  the  latter  part  tells  how  to  indicate  an 
engine  and  make  the  necessary  calculations.     A  large  number  of 
sample  cards  are  shown,  nearly  all  of  which  were  taken  penson- 
ally  by  the  author  with  the  new  Star  indicator  for  this  treati.se. 
This  book  may  be  had  cither  from  the  D.  Van  Nastrand  Company, 
23  Murray  street,  New  York,  or  from  the  author  at  12  Pemberton 
Square,  Boston,  Mass. 


Index  of  the  Technical  Pbe.ss. — The  fourth  number  of  this 
pamphlet  has  been  received  and  is  four  times  the  size  of  the  first 
number,  indicating  marked  progress  in  value.  The  references  are 
in  French,  German  and  English  and  include  the  principal  articles 
of  general  interest  appearing  in  the  technical  journals  throughout 
the  world.  The  work  is  well  done  and  the  cla.ssification  excellent. 
It  is  published  by  the  Association  de  la  Press  Technique,  20  Rue 
de  la  Chancellerie,  Brussels,  Belgium. 

Specifications  for  Portland  and  National  Ckment  and  Port- 
land Cement  Concrete.— The  American  Railway  Engineering  and 
JIaiutenauce  of  Way  Association  has  prepared  the  specifications,  adopted 
this  year,  in  pamphlet  form.  The  pamphlet  also  contains  specifica- 
tions for  concrete,  submitted  by  the  committee  on  masonry,  but 
not  yet  adopted.  Copies  may  be  obtained  from  the  secretary.  Mr. 
E.  H.  Fritch,  room  1562,  Jlonadnock  Block,  Chicago.  Price  10 
cents. 


Small  Tools,  Standards  and  Gauges. —This  is  the  title  of  a 
very  complete  catalogue  of  the  small  tools  for  machine  shop  use 
and  also  special  tools  which  are  manufactured  by  the  Small  Tool 
Department  of  the  Pratt  &  Whitney  Company.  Hartford.  Conn.  It 
is  of  a  handbook  size,  contains  1S2  pages,  and  is  profusely  illus- 
trated by  excellent  engravings.  A  large  portion  of  the  book  is 
taken  up  by  descriptions  of  the  very  complete  assortment  of  taps 
and  dies  which  this  company  is  noted  for.  Besides  the  usual  hand 
taps  of  all  standards  a  specialty  is  made  of  washout-hole-plug  taps, 
staybolt  taps  and  spindle  retapping  staybolt  taps  for  locomotive 
boiler  use.  Also  a  large  assortment  of  special  patent  dies  and  also 
die  stock  sets  are  illustrated.  The  stock  of  milling  cutters,  both 
solid  and  with  inserted  blades,  angle  cutters,  slotting  cutters,  end 
and  hollow  mills,  and  also  reamers  of  all  styles  and  for  all  purposes 
may  be  seen  to  be  very  large.  The  remaining  portion  of  the  book 
illustrates  a  number  of  special  tools  which  the  Pratt  &  Wliitney 
Company  make  a  specialty  of.  including  the  Renshaw  ratchet  drill, 
the  P.  &  W.  special  threading  tool,  special  boring,  knurling  and 
other  tools  for  lathe  use.  standard  pimches  and  dies  for  boiler 
plate  work,  etc.,  etc..  and  also  a  complete  line  of  standard  measur- 
ing machines,  standard  size  and  thread  gauges,  and  gauges  for 
special  purposes,  as  for  M.  C.  B.  standard  automatic  couplers,  new 
and  worn  knuckles,  and  flange  thickness  and  wheel  defect  gauges 


S90        AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL. 


The  Nationai,  Machine  Tool  Company.— A  new  catalogue 
has  been  issued  by  this  firm  to  describe  their  improved  portable 
keyseating  tools,  which  they  have  lately  placed  on  the  market  for 
use  in  connection  with  the  drill  press.  This  interesting  and  re- 
markable device  is  meeting  with  unusual  success  and  approval  in 
all  quarters,  for  its  simplicity  as  well  as  its  efficiency.  It  is 
adapted  to  the  cutting  of  internal  keyseats  of  all  sizes,  both  straight 
and  taper,  and  in  all  metals.  It  is  interesting  to  note  that  this 
very  useful  tool  was  developed  by  Mr.  Schellenbach,  of  the  National 
Machine  Tool  Company,  as  a  special  tool  for  use  in  the  manufac- 
ture of  their  mec-hanical  speed  variators,  a  complete  description  of 
which  was  presented  on  page  229  of  our  June,  1903,  issue.  For 
cutting  the  keyseats  in  the  large  number  of  gears  used  in  that 
device  this  tool  has  proven  unusually  effective  and  efficient. 


Precision  L.\thes.— The  Pratt  &  Whitney  Company,  Hartford, 
Conn.,  have  just  issued  one  of  their  standard  G  x  9  catalogues,  which 
is  devoted  to  their  bench  lathe,  10-in.  toolmakers'  lathe,  13-in. 
engine  lathe  and  14-in.  gibbed-carriage  engine  lathe.  The  book 
contains  67  pages  and  is  beautifully  illustrated  with  excellent  half- 
tones. The  first  thirty-seven  pages  are  taken  up  with  a  descrip- 
tion of  the  7  X  32-in.  bench  lathe,  which  is  described  in  detail,  and 
illustrations  are  presented  of  more  than  thirty  of  the  various  at- 
tachments which  may  be  furnished  with  the  lathe,  giving  an  ade- 
quate idea  of  the  great  diversity  of  work  for  which  this  machine 
is  adapted.  The  10-in.  toolmakers'  lathe  is  also  carefully  described, 
and  illustrations  are  given  showing  the  application  of  collets  and 
split  step  chucks  to  the  spindle.  There  are  two  views  of  the  14-in. 
lathe,  one  showing  the  standard  lathe  and  the  other  the  lathe  with 
the  pan  bed.  A  number  of  important  attachments  for  this  lathe 
are  illustrated  and  described,  including  a  relieving  attachment  for 
relieving  straight,  taper  and  spiral  taps  and  milling  cutters,  draw- 
back collets,  step  chucks  and  closers,  and  expanding  arbors.  These 
lathes  perhaps  are  not  applicable  to  the  ordinary  run  of  shop  prac- 
tice, but  to  anyone  who  cares  for  good  machines,  or  who  has  to  do 
accurate  work,  they  will  certainly  be  highly  appreciated. 


The  Bureau  of  Forestry,  United  States  Department  of  Agricul- 
ture, has  inaugurated  an  investigation  of  the  mechanical  properties 
of  the  commercial  timbers  of  the  United  States,  and  has  established 
a  timber-testing  station  at  Purdue  University,  Lafayette,  Ind.,  to 
form  the  nucleus  of  the  work  in  the  Blississippi  Valley  region. 
Other  stations  have  been  established  at  the  University  of  California, 
at  the  Yale  Forest  School,  and  at  Washington,  D.  C.  Various 
physical  and  mechanical  tests  will  be  made  according  to  uniform 
methods  at  these  stations  by  experts  of  the  Bureau  of  Forestry. 
This  action  of  the  bureau  in  establishing  a  testing  station  at  Purdue 
University  does  not  involve  the  erection  of  additional  buildings,  but 
a  more  thorough  utilization  of  equipment  already  existing  in  the 
laboratory  for  testing  materials.  Additional  machines  of  a  special 
character,  however,  belonging  to  the  bureau,  will  be  installed  in  the 
laboratory  for  the  needs  of  this  work.  The  work  of  this  station 
will  be  under  the  direction  of  Dr.  W.  K.  Hatt,  who  has  recently 
been  appointed  to  have  supervisory  charge  of  the  work  of  all  the 
timber-testing  stations  of  the  Bureau  of  Forestry.  Responsibilities 
thus  assumed  'by  Dr.  Hatt  will  not  interfere  with  the  discharge  of 
his  duties  at  Purdue  University. 


EQUIPMENT  AND  MANUFACTURING  NOTES. 

Mr.  Walter  D.  Crosman,  who  is  well  known  from  his  long  con- 
nection with  railwaj-  newspaper  work  and  a.ssociation  with  railway 
supply  business,  has  opened  an  office  in  suite  710,  125  La  Salle 
street,  Chicago.  He  will  serve  the  railway  and  allied  trades  with 
the  Wachter  Manufacturing  Company's  Army  and  Navy  liquid 
glue,  the  Wilbern  adjustable  door-hanger,  and  the  Wadsworth-How- 

We  join  Mr.  Crosman's  many  land  Company's  carburet  black, 
friends  in  wishing  him  the  success  which  his  wide  acquaintance  and 
knowledge  of  railroad  requirements  are  sure  to  bring  him. 


Judge  Archibald,  of  the  United  States  Circuit  Court.  Eastern 
District,  Pennsylvania,  has  recently  handed  down  a  decision  in 
the  suit  of  the  Wostinghouse  Electric  and  Manufacturing  Company 
against  H.  C.  Roberts  and  the  Sangamo  Electric  Company  which 
has  an  important  bearing  upon  alternating  current  meters  and 
fan  motors,  in  that  the  claims  of  the  so-called  Tesla  Split-Phase 
patents  were  sustained.  The  defendants'  device  against  which  suit 
was  brought  was  the  Sangamo  meter.  The  court,  after  a  careful 
review  of  the  testimony,  decided  that  the  complainants  had  satis- 
factorily proved  that  Tesla's  date  of  invention  preceded  that  of 
Farraris  and  others,  and  that  the  device  in  question  was  an  in- 
fringement 


The  Washburn  Coupler  Company,  of  Minneapolis,  Minn.,  an- 
nounces that  its  stock,  property  and  business  have  been  acquired 
by  the  Washburn  Company,  of  that  city.  The  change  of  owner- 
ship is  made  in  order  to  extend  the  business  in  car  couplers  and 
other  lines  of  railroad  supplies  and  does  not  involve  any  great 
changes  in  the  management. 


An  interesting  shipment  of  large  steam  turbine  machinery  has 
recently  been  made  from  the  shops  of  the  Westinghouse  Machine 
Company,  Pittsburgh,  Pa.,  which  will  be  the  first  large  steam 
turbines  of  American  manufacture  to  be  exported.  The  shipment 
consisted  of  two  1,000-kw.  Westinghouse  turbine  generating  units 
of  the  most  recent  design,  which  are  intended  for  light  and  power 
service  in  the  De  Beers  mines,  at  Kimberly,  South  Africa. 


The  New  York  offices  of  the  sales  organization  of  the  Westing- 
house Electric  and  Manufacturing  Company  have  been  removed  to 
the  new  Hanover  Bank  Building,  corner  of  Nassau  and  Pine 
streets.  The  new  offices  occupy  the  entire  seventeenth  floor  of 
this  building,  one  of  the  finest  and  best  equipped  office  buildings 
in  the  country,  where  the  arrangements  and  facilities  will  be  of 
the  best,  both  for  the  representatives  of  the  company  and  the 
public  with  whom  they  do  business.  The  mail  address  will  be 
No.  11  Pine  street.  The  executive,  financial  and  stock  transfer 
offices  of  the  company  will  remain  on  the  fourth  floor  of  the  Equi- 
table Building,  in  which  the  present  organization  of  the  compauy 
has  been  quartered  since  1889.  The  rapid  and  material  increase 
of  business  has  made  the  above  move  necessary. 


The  Chicago  Pneumatic  Tool  Company  requests  the  publication 
of  the  following  statement : 

"During  the  past  few  days  a  vast  amount  of  gossip  has  been 
printed  relative  to  this  company,  the  majority  of  which  was  en- 
tirely without  foundation  and  apparently  malicious  in  nature.  As 
it  does  a  great  injustice  to  the  company  and  its  officials,  we  would 
request  that  you  print  the  following  statement  which  is  in  every 
re.spect  a  true  and  correct  statement  of  the  affairs  of  the  company : 
"In  the  first  place  President  Duntley  is  not  going  to  resign.  It  is 
due  to  his  knowledge,  energy  and  ability  that  the  pneumatic  tool 
business  has  grown  to  its  present  vast  proportions.  This  is  fully 
recognized  by  the  directors  and  none  of  them  desire  bis  resignation. 
The  report  that  he  does  not  have  the  confidence  of  Mr.  Schwab  or 
Mr.  Matthie.ssen  is  entirely  without  foundation  and  there  is  no 
justification  in  the  report  tha.t  he  anticipates  retiring  or  that  any 
stockholders  desire  him  to  do  so.  The  fact  that  Mr.  Schwab  has  pur- 
chased from  Mr.  Pam  the  stock  owned  by  the  latter  is  true  and 
this  transaction  was  a  private  one  between  them.  It  originated 
with  them  and  none  of  the  other  officers  or  stockholders  have  any- 
thing to  do  with  it.  Therefore,  Mr.  Pam  having  sold  all  of  his 
stock,  it  naturally  followed  that  he  should  resign  from  the  directory, 
which  he  has  done  entirely  of  his  own  accord.  The  executive  offices 
of  the  company  are  to  be  moved  to  New  York  and  it  is  due  to  this 
fact  that  some  of  the  directors  have  tendered  their  resignations. 
Mr.  Schwab  is  the  largest  stockholder  in  the  company  and  has  ex- 
pressed a  desire  to  take  an  active  part  in  the  direction  of  the  com- 
pany's business,  as  has  also  Mr.  Matthiessen.  Their  action  is  en- 
tirely justified  by  their  present  holdings  in  the  company,  and  as 
they  both  live  in  New  York,  it  is  necessary  that  the  executive 
offices  be  located  in  that  city. 

"As  regards  Messrs.  Wacker,  Chalmers  and  Lynch,  these  gentle- 
men agreed  when  they  accepted  places  on  the  board  that  they 
would  do  so  only  if  the  executive  offices  were  located  in  Chicago, 
as  it  would  be  impossible  for  them  to  attend  meetings  in  New  York 
City,  as  they  could  not  take  the  time  from  their  other  affairs. 
Naturally,  therefore,  when  they  learned  of  the  proposed  change  in 
location,  they  were  opposed  to  it,  as  they  felt  it  impracticable  for 
them  to  continue  on  the  board  and  executive  committee,  and  they 
accordingly  tendered  their  resignations.  In  all  probability  the 
number  of  directors  will  be  reduced  from  fifteen  to  nine,  as  the 
members  are  widely  separated  and  it  is  difficult  to  obtain  a  quorum 
with  the  present  number.  The  affairs  of  the  company  are  in  a 
most  flourishing  condition  and  the  prospects  are  exceedingly  bright 
for  them  to  continue  so  in  the  future.  The  various  plants  are 
working  increased  forces  in  order  to  adequately  fulfill  the  require- 
ments. Their  foreign  offices  report  a  correspondingly  cheerful 
outlook.  The  business  for  the  month  of  August  just  past  exceeded 
that  transacted  in  August,  1902,  and  there  is  every  indication  that 
the  present  month  of  September  will  be  very  satisfactory  as  regards 
sales  of  pneumatic  appliances." 
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A  SWITCH  ENGINE  WITH  A  CRANE. 


A  convenient  locomotive  crane  of  4  tons  lift- 
ing capacity  has  been  fitted  up  at  comparatively 
little  expense  at  the  Topeka  shops  of  the  Atchi- 
son. Topeka  &  Santa  Fe  and  will  be  used  about 
the  locomotive  shops  and  yards.  An  old  four- 
wheel  switch  engine  was  equipped  to  burn  oil 
(so  that  it  may  safely  enter  the  buildings)  and 
fitted  with  a  substantial  castiron  stack  with  a 
large  base,  forming  the  pivot  and  support  of  a 
14-ft.  boom.  The  boom  may  be  revolved  and  the 
hook  raised,  by  power.  The  steam  pipe  for  the 
hoisting  engine  passes  through  the  center  of 
the  stack  and  has  a  swivel  joint  over  the  stack. 
Ball  bearings  are  provided  for  the  boom  pivot. 


GENERAL  VIEW  OF  ENGINE. 


DET<ULS  OF  THE  LR.\NE,  INURATING  AKBANGBMENT  OF  HOISTING  AND 
TURNING    MECHANISM. 


Tanks  for  250  gals,  of  oil  and  1,600  gals,  of  water  are  car- 
ried on  the  engine.  In  working  order  with  full  tanks  of 
water  and  oil  the  engine  weighs  106,750  lbs.  The  drawing 
was  furnished  by  Mr.  G.  R.  Henderson,  formerly  superintendent 
of  motive  power  of  the  road.  In  a  large  shop  plant  such  a 
crane  finds  a  wide  field  of  usefulness  and  saves  a  large  amount 
of  manual  labor. 


NEW  60-INCH  LATHE,  WITH  CHANGE-GEAR  MECHAN- 
ISM, AND  A  NEW   DESIGN  OF  PLANER. 


The   American   Tool   Works   Company. 


The  accompanying  engraving  is  an  illustration  of  the  new 
heavy  model  of  the  "American"  lathe  which  has  been  brought 


out  by  the  American  Tool  Works  Company,  Cincinnati,  Ohio. 
This  tool  is  their  60-in.  lathe  with  improved  rapid-change-gear 
mechanism,  which  greatly  increases  its  possibilities  as  a  rapid 
handler  of  heavy  work. 

The  change-gear  mechanism,  which  is  located  on  the  head 
end  of  the  bed,  consists  of  a  clutch  device  of  an  entirely  new 
design,  through  which  seven  changes  for  feeding  and  screw 
cutting  are  readily  available  without  the  removal  of  a  single 
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gear.  Then,  by  changing  one,  and  only  one.  gear  on  the  stud, 
s&ven  additional  t-hanges  are  provided,  the  quadrant  being  so 
designed  as  to  obviate  the  readjusting  of  the  entire  train  of 
gears  to  each  new  change  gear.  Nine  change  gears  are  ordi- 
narily furnished,  thus  providing  a  total  of  63  changes  of 
threads  and  feeds  with  the  minimum  of  effort. 

Each  of  these  possible  changes  is  indicated  on  the  index  plate 
located  on  the  front  of  the  gear  box;  by  the  simple  movement 
of  a  hand  wheel  a  pointer  is  brought  directly  above  the  desired 
thread  or  feed.  This  will  indicate  the  number  of  the  change 
gear  to  be  placed  on  the  stud,  and  also  automatically  arranges 
the  gears  in  the  gear  box  for  cutting  the  thread  or  feed  desired. 
The  range  of  threads  is  from  1  in  8  ins.  to  lU  per  in.,  and  of 
feeds,  from  1.327  to  170. 

The  lathe  can  be  changed  for  left-hand  screw  cutting  by 
means  of  tumbler  reverse  plate,  mounted  on  the  end  of  the 
headstock.     It  is  not  necessary  to  interpose  an  idler  gear  as 


tice.  Every  condition  iutluencing  modern  planer  work  has 
been  given  careful  consideration,  and  as  a  result,  the  increased 
efficiency  of  their  planer,  and  its  adaptability  for  use  with  high- 
speed steels,  have  placed  it  at  the  front  as  a  rapid  work  pro- 
ducer, by  the  most  progressive  methods. 

Strength  and  rigidity  have  been  the  foremost  aims  in  the 
new  designs.  The  bed  has  been  made  unusually  heavy,  extra 
wide  between  the  V's,  and  thoroughly  braced  by  heavy  box 
girts  at  short  intervals.  The  bed  is  of  unusual  length  in  pro- 
portion to  the  table,  leaving  but  little  overhang  to  the  table 
when  planing  at  full  length.  The  table  has  ample  thickness, 
is  provided  with  improved  shifting  mechanism,  which  removes 
the  belt  from  one  pulley  before  the  return  movement  belt  en- 
gages the  other,  thus  obviating  all  disagreeable  shrieking  of 
belts.  A  quick  return  is  provided  and  reverses  are  made  with- 
out shock  or  jar.  The  table  can  be  run  from  under  the  tool 
for  examination  of  work,  and  a  safety  locking  device  prevents 
the  table  from  starting  before  the  operator  is  ready. 


^Wi^. 


THE  NEW  UESIOJi  OF  THE  48-INCH  AMERICAN  PLANER. 
THE   AMERICAN   TOOL  WORKS   COMPANY. 


formerly,    and    no   gears    are    disarranged    by   this    Improved 
method. 

The  bed  is  of  patent  drop-V  pattern  of  such  construction  as 
to  secure  the  greatest  rigidity.  The  headstock  is  massive  and 
the  driving  cone  is  mounted  on  its  own  spindle,  entirely  inde- 
pendent of  the  main  spindle  and  is  powerfully  geared.  Car- 
riage is  very  heavy,  especially  in  the  bridge,  due  to  the  drop- 
V  bed,  and  has  double  apron  extending  full  length.  All  gears 
are  cut  from  the  solid. 

THE     NEW     48-INCH     PLANER. 

The  illustration  presented  on  this  page  shows  the  new 
design  for  the  42  and  48-inch  sizes  of  the  "American"  planers, 
which  has  just  been  brought  out  by  the  American  Tool 
Works  Company.  This  concern  have  lately  redesigned  their 
entire  line  of  planers,  from  22  inches  to  48  inches  throughout, 
with  the  purpose  of  adapting  them  to  the  greatly  increased 
duties  imposed  by  the  new  tool  steels  and  modern  shop  prac- 


The  housings  are  of  the  double-webbed  cored-section  type, 
with  wide  bearings  for  the  cross  rail,  and  are  fitted  perfectly 
parallel  with  each  other  and  square  with  the  table.  The  heads 
on  the  rail  are  made  right  and  left  to  permit  of  planing  close 
together,  and  the  saddles  are  graduated  for  angular  planing. 
The  feeds  are  automatic  in  all  directions  and  can  be  operated 
from  either  side  of  the  machine;  the  down-feed  is  of  excep- 
tional length  and  is  equipped  with  a  micrometer  adjustment. 
The  side  heads  are  of  compound-slide  type,  giving  the  tool 
exceptional  range  of  travel,  and  are  counterbalanced  and  can  be 
run  below  the  level  of  the  table  when  not  in  use.  All  pinions 
are  of  steel  and  all  shafts  are  crucible  steel  of  large  diameter, 
each  arranged  so  as  to  be  readily  removed  when  necessary  with- 
out disturbing  the  rest  of  the  machine. 

Further '  detailed  information  regarding  these  interesting 
tools  will  be  cheerfully  furnished  by  the  American  Tool  Works 
Company. 
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RAILWAY    SHOPS. 


BY   B.    H.    SOULK. 


VII. 


The  Fkeight  Cab  Repair  Siior  and  Yauu. 


There  exists  a  growing  conviction  tliat  the  freight  car  de- 
partment of  a  railway  shop  should  include  a  building  in  which 
repair  work  may  be  carried  on  in  bad  or  extreme  weather; 
hitherto  on  many  roads  this  work  has  been  prosecuted  entirely 
in  the  open  air.  It  is  not  probable  that  a  shop  will  ever  be 
built  large  enough  to  take  care  of  all  work  of  that  character 
at  a  given  point,  and  a  considerable  amount  will  always  be 
done  out  in  the  open  as  now;  but  it  is  believed  that  it  does 
pay  to  be  able  to  concentrate  repair  forces  under  cover  when 


large,  will  usually  commend  Itself.  A  transverse  shop  of  very 
large  capacity  means  that  the  adjacent  yard  (constituting  the 
track  approaches  to  the  shop)  must  be  very  wide,  whereas  a 
longitudinal  shop  may  be  of  any  moderate  width,  and  as  long 
as  necessary  to  give  the  required  capacity.  Another  objection 
to  the  transverse  shop  is  the  increased  number  of  door  open- 
ings for  a  given  standing  capacity  and  the  greater  difficulty  of 
heating  on  that  account.  The  Internal  transportation  of  ma- 
terials can  be  more  readily  accomplished  in  the  longitudinal 
shop  by  hand  trucks  on  auxiliary  tracks,  whereas  In  a  trans- 
verse shop  such  auxiliary  tracks,  if  provided  at  all,  must  cross 
all  the  stall  tracks;  while  other  materials  may  with  difficulty 
be  distributed  throughout  a  transverse  shop,  the  handling  of 
mounted  wheels  can  be  easily  accomplished  only  in  the  longi- 
tudinal shop  on  tracks  specially  provided  for  the  purpose.  Tne 
largest  group  in  the  table  is  that  of  the  longitudinal  shops 
with  track  approaches  at  one  end  only,  and  these  are  also  shops 
and  yards  of  large  standing  capacity.  Under  this  plan  the 
stock  of  repair  materials  may  be  kept  at  the  stub  end  of  the 
shop  and  yard  tracks,  where  they  will  be  most  easily  reached 
for  distribution,  and  can  be  moved  down  the  spaces  between 
the  repair  tracks  by  a  system  of  intermediate  distribution 
tracks,  preferably  narrow  gauge.  In  a  large  yard  this  pro- 
vision might  naturally  be  supplemented  by  material  supplies 
at  lateral  or  central  points.  If  the  intermediate  distribution 
tracks  are  alternately  standard  and  narrow  gauge  they  may  be 


TABLE     13 BUILDINGS     FOR     FEEIGHT-CAH     KEPAIRS. 


Place.  Railroad.                    Type. 

Oelwein,  Iowa   C.  G.  W.  Transverse. 

Burlingtoa,    Iowa    . .  C,    B.    &    Q.  Transverse. 

Chicago,  111.    (old)..  C.    &    N.    W.  Transverse. 

Fond  du  Lac,  Wis..  W.  C.  Transverse. 

Collinwood.  Ohio   ...  L.   S.  &  M.  S.  Transverse. 

Concord.  N.  H B.  &  IVl.  Transverse. 

Pocatello.    Idaho    ...  O.  S.  L.  Transverse. 

.>maha,  Neb U.   P.  Transverse. 

Sayre,  Pa L.  V.  Transverse. 

Albany,  N.  Y N.  Y.  C.  Transverse. 

Chicago,   111.    (new) .  C.    &    N.    W.  Longitudinal. 

McKees'    Rocks,    Pa.  P.    &    L,.    E.  Longitudinal. 

Baring  Cross,  Ark..  M.   P.  Longitudinal. 

Montreal,   Can C.    P.  Longitudinal. 

Milwaukee,   Wis.    ...  C,  M.  &  St.  P.  Longitudinal. 

Memphis,   Tenn.    ...  I.  C.  Longitudinal. 

Topeka,    Kan A.,   T.  &   S.  F.  Longitudinal. 

Scranton,   Pa D.,  L.   &  W.  Longitudinal. 

Ellzabethport,   N.  J.  C.R.R.  ofN.J.  Longitudinal. 

Burnside,    111    I.  C.  Longitudinal. 

Oak  Grove,   Pa N.  Y.  C.  Longitudinal. 

Readville,  Mass.    .  .  .  N,  Y.,  N.  H.  &  H.  Longitudinal. 

Brainerd,    Minn.    ...  N.   P.  Longitudinal. 

Roanoke,    Va N.  &  W.  Roundhouse. 

Columbus,    Ohio    . . .  Penna.  Lines.  Roundhouse. 

Altoona,   Pa P.  R.  R.  Roundhouse. 


Method  of  Access. 
Transfer  table  only. 

Transfer  table  and  tracks  at  opposite  sides. 
Transfer  table  and  tracks  at  opposite  sides. 
Transfer  table  and  tracks  at  opposite  sides. 
Transfer  table  and  tracks  at  opposite  sides. 
Transfer  .table  and  tracks  at  opposite  sides. 
Transfer  table  and  tracks  at  opposite  sides. 
Tracks  at  both  sides. 
Tracks  at  one  side  only. 
Tracks  at  one  side  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  one  end  only. 
Tracks  at  both  ends. 
Tracks  at  both  ends. 
Tracks  at  both  ends. 
Tracks  at  both  ends. 

Lcmgitudinal  tracks  and  transfer  table  at  opposite  ends. 
Turntable. 
Turntable. 
Turntable. 


circumstances  justify  it.  To  make  such  an  arrangement  a 
success  it  is  necessary  that  the  stock  of  repair  materials  snould 
be  equally  accessible  from  both  the  shop  and  the  yara,  and 
that  cars  should  be  switched  in  and  out  more  frequently  when 
work  is  being  done  exclusively  under  cover  (as  in  bad  weather) 
than  when  being  done  in  both  shop  and  yard.  Unaer  these 
circumstances  increased  annual  output  may  easily  compensate 
for  the  increased  fixed  charges  which  would  represent  the  cost 
of  the  required  additional  buildings. 

When  the  most  suitable  type  of  building  for  freight  car  re- 
pairs is  considered,  it  is  found  that  existing  practice  is  not 
uniform  and  leaves  the  question  in  doubt.  Even  in  those 
places  where  the  type  of  building  is  the  same  the  method  of 
access  to  it  varies.  Table  13  gives  the  facts  for  several  well- 
known  shop  points. 

Examining  the  table,  it  is  noticed  that  Oelwein  is  the  single 
case  where  the  access  to  the  shop  (in  this  case  transverse)  is 
by  transfer  table  only,  and  it  is  extremely  doubtful  whether 
such  an  arrangement  can  be  made  to  yield  good  results.  It  is 
evidently  based  on  the  assumption  that  freight  cars  under  re- 
pairs should  be  handled  individually,  as  are  locomotives  and 
passenger  equipment  cars;  whereas  all  other  arrangements 
(except  the  roundhouse)  permit  of  handling  and  switching 
cars  in  strings,  which  is  evidently  conducive  to  economy  of 
operation  and  increase  of  output.  There  is  little  choice,  as 
regards  internal  working,  between  the  transverse  and  the 
longitudinal  shop,  if  the  two  have  the  same  standing  capacity; 
but  when  the  layout    is  considered,  the  longitudinal  shop,   if 


used  for  mounted  wheels  and  for  miscellaneous  supplies  re- 
spectively, and  such  an  arrangement  will  contribute  to  the 
quick  and  orderly  distribution  of  all  materials. 

The  longitudinal  shop  with  track  approaches  at  both  ends 
is  found  in  a  few  cases,  but  it  makes  the  distribution  of  repair 
materials  more  difficult  and  presents  no  compensating  advan- 
tage except  the  doubtful  one  of  being  able  to  switch  the  shop 
and  yard  from  both  ends. 

The  roundhouse  form  of  shop  is  excellently  adapted  to  the 
work  of  building  freight  cars,  especially  if  used  in  connection 
with  a  lOOtt.  turntable,  by  which  means  a  bob-tail  shifter  can 
handle  two  freight  cars  in  and  out  of  a  stall.  A  visit  to  Al- 
toona, Columbus  or  Roanoke  while  new  freight  equipment  cars 
are  being  built  is  very  convincing  in  this  respect,  but  the 
turntable  is  open  to  the  same  objection  as  the  transfer  table 
when  repair  work  (as  distinct  from  construction  work)  is 
undertaken  on  a  large  scale,  and  at  all  tnree  of  these  points 
more  cars  are  repaired  outside  of  these  roundhouse  shops  than 
in  them. 

The  only  recorded  investigation  and  report  on  the  best  ar- 
rangement of  tracks  in  a  freight  car  repair  yard  is  that  made 
in  1902  by  a  committee  of  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association;  that  committee  recom- 
mended that  the  tracks  should  be  connected  at  one  end  only, 
should  be  spaced  alternately  on'  24-ft.  and  16-ft.  centers,  with 
narrow  gauge  supply  tracks  running  down  each  24-ft.  space, 
materials  to  be  brought  in  from  the  stub  ends,  air  pipes  for 
testing  air  brakes  to  be  provided,  etc.     It  was  also  stated  that 
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3uch  a  yard  should  not  be  too  long,  and  the  one  shown  by  the 
diagram  which  accompanied  the  report  is  about  1,100  ft.  long, 
and  would  hold  106  cars,  allowing  50  ft.  of  track  per  car  (as 
also  recommended  in  the  report).  By  referring  to  Table  14 
it  will  be  seen  that  a  freight  car  repair  yard  to  hold  166  cars 
is  a  small  affair,  according  to  present  day  standards;  it  is 
therefore  evident  that  a  single  yard  (including  shop)  of  large 
capacity  must  be  much  more  than  1,100  ft.  long;  the  alterna- 
tive of  dividing  the  work  up  into  several  smaller  yards  is 
always  open,  however. 

A  novel  arrangement  of  tracks  in  a  freight  car  repair  yard 
is  found  at  the  West  Milwaukee  shops  of  the  Chicago,  Milwau- 
kee &  St.  Paul  Railway;  here  a  long  lead  track,  which  is 
parallel  to  the  general  line  of  tracks  in  the  yard,  has  a  series 
of  spur  tracks  leaving  the  lead  at  an  angle  of  perhaps  30  degs., 
and  each  capable  of  holding  about  eight  freight  cars  with 
proper  working  spaces  between;  this  arrangement  permits  of 
treating  cars  in  blocks  of  eight,  and  is  probably  laid  out  to 
avoid  having  longer  strings  of  cars  under  treatment  on  one 
track  at  one  time;  it  appears  to  combine  some  of  the  features 
of  the  transverse  system  with  those  of  the  longitudinal  system, 
and  in  that  respect  reminds  one  of  the  new  Rock  Island  erect- 
ing shop  at  Moline,  III.,  where  the  same  underlying  idea  is 
taken  advantage  of  in  handling  locomotives  when  under  re- 
pairs; the  West  Milwaukee  freight  car  repair  yard  has  been 
put  in  use  only  recently  and  output  results  are  not  yet 
definitely  known,  but  the  arrangement  promises  well  and  will 
be  watched  with  interest. 

A  tabulated  listing  of  some  25  freight  car  repair  yards  shows 
every  variety  of  practice  from  placing  tracks  at  15-ft.  centers 
without  any  intermediate  supply  track  up  to  24-ft.  centers 
with  an  intermediate  standard  gauge  supply  track,  and  the  up- 
to-date  freight  car  repair  yard  on  a  really  large  scale  is  some- 


TABLE    14 OnTPUT    OF    FBEIGHT-CAK 

REPAIR    PLANTS. 

(Shops  and  yards  considered  collectively.) 

Average 

Total 

Place. 

Railroad. 

No.  of  Cars 

Under 

Output  per  MontH. 

Repairs. 

Total. 

Per  Stall, 

Allston.   Mass. .  .  . 

B.   &  A. 

338 

744 

2.20 

Morris  Park.  N.Y. 

L.  I. 

34 

165 

4.85 

McKees'  R'ks.  Pa. 

P.  &  L.  E. 

728 

6,900 

9.48 

Milwaukee,  Wis.. 

C.  M.  &  St.  P. 

386 

4,377 

11.34 

Aurora.   Ill 

C,   B.   &  Q. 

84 

520 

6.19 

Roanoke,  Va.   .  .  . 

N.  &   W. 

95 

1.400 

14.74 

Sedalla.    Mo.    .  .  . 

M.,  K.  &  T. 

45 

222 

4.93 

Decatur,    111.    .  .  . 

Wabash. 

75 

1,141 

15.21 

Reading,   Pa.    .  .  . 

P.  &  R. 

247 

779 

3.15 

EMizabethp't.  N.  J. 

C.  R.  R.  of  N.J. 

72 

779 

10.82 

Detroit,  Mich.  ..  . 

M.   C. 

60 

244 

4.07 

Bloomington.   III. 

C.   &   A. 

40 

277 

6.92 

Oneonta,   N.   Y. .  . 

D.   &  H. 

50 

1,890 

37.80 

Chicago.    111.    .  .  . 

C,  R.  I.  &  P. 

60 

-1,300 

21.67 

Montreal,  Can.  ,  . 

G.    T. 

33 

146 

4.42 

Portsmouth.   Va.. 

S.  A.   L. 

51 

626 

12.27 

Brightwood.    Ind . 

C,  C.  C.  &  St.  L. 

132 

2,344 

17.76 

Concord,  N.  H. .  . 

B.    &   M. 

77 

308 

4.00 

Albany.    N.    Y.  .  . 

N.  Y.  C. 

175 

4,622 

26.41 

Oelwein.   Iowa   .  . 

C.  G.  W. 

42 

265 

6.31 

Topeka,  Kan.   .  .  . 

A..    T.    &    S.    P. 

125 

1,860 

14.88 

Middletown.  N.  Y. 

N.  Y..  0.  &  W. 

50 

1,000 

20.00 

Baltimore     Md. .  . 

B.    &    0. 

157 

5.048 

32.14 

Burnside,   111.   . .  . 

I.   C 

516 

2,927 

5.67 

Collinwood,   Ohio. 

L.   S.  &  M.  S. 

360 

6,300 

17.50 

Springfield.    Mo.  . 

St.   L.    &    S.    F. 

105 

850 

8.09 

thing  for  the  future  to  bring  forth.  It  is  doubtful  whether 
the  yard  recommended  by  the  committee  of  the  American 
Engineering  and  Maintenance  of  Way  Association  would  meet 
requirements  on  a  large  scale,  with  its  24-ft.  and  16-ft.  alternate 
track  spacing,  and  with  narrow  gauge  service  tracks  down  the 
24-ft.  space  only.  It  seems  probable  that  a  yard  with  tracks 
uniformly  22-ft.  centers,  with  a  light  rail  standard  gauge  wheel 
track  down  one  bay  and  a  single  or  double  line  of  narrow  gauge 
material  track  down  the  next  bay,  and  so  on  alternately,  would 
come  nearer  to  meeting  large  scale  requirements;  such  a  yard 
would  cover  10  per  cent,  more  ground,  but  net  results  would 
probably  be  in  its  favor. 

As  It  Is  impossible  to  have  a  very  extensive  repair  plant  and 
keep  it  close  to  the  smith  shop  it  will  almost  always  pay  to 
establish  a  forge  close  to  the  center  of  gravity  of  the  freight 
car  repair  work,  as  such  work  always  involves  more  or  less 
straightening  of  bent  forgings;  this  local  forge  is  wanting  in 
many  places,  but  it  is  certainly  false  economy  to  undertake  to 


do  without  it  As  the  materials  used  in  freight  car  repairs  at 
a  central  point  are  large  in  quantity  and  great  in  variety,  their 
proper  supervision  becomes  important,  and  good  talent  can  be 
profitably  engaged  in  keeping  up  the  stock  in  advance  of  re- 
quirements and  in  promptly  meeting  all  demands;  this  is  of 
first  importance  as  affecting  output,  but  of  course  must  be  sup- 
plemented by  proper  records  for  purposes  of  accounting. 

The  advent  of  the  steel  car  has  not  modified  the  practice  of 
freight  tar  repairs  as  much  as  was  predicted.  It  is  found  that 
ordinary  repairs  to  steel  cars  can  be  handled  by  the  same 
class  of  labor  that  has  hitherto  been  engaged  on  the  repairs  of 
wooden  cars;  the  only  special  plant  required  includes  a  heat- 
ing furnace,  straightening  blocks,  clamps,  a  supply  of  com- 
pressed air  and  compressed  air  tools  (riveting  hammers,  dolly 
bars,  etc.).  Since  the  more  general  use  of  electricity  as  a 
source  of  power  it  has  been  feasible  to  provide  an  electric 
traveling  crane  to  cover  a  few  tracks  where  steel  cars  are  to 
be  handled  for  repairs,  and  this  has  been  done  in  two  or  three 
instances  lately.  At  the  new  Montreal  shops  of  the  Canadian 
Pacific  an  electric  yard  crane  crosses  all  tracks  in  the  entire 
plant,  and  one  of  the  uses  to  be  made  of  it  is  the  unloading  of 
wrecked  car  material  which  has  been  sent  in  from  the  line  of 
the  road,  and  which  it  is  extremely  tedious  and  expensive  to 
unload  and  sort  by  hand. 

Although  a  special  paint  shop  building  is  quite  necessary  in 
connection  with  a  plant  which  is  engaged  exclusively  on  freight 
car  construction,  in  order  to  secure  good  and  durable  work, 
yet  no  special  provision  is  considered  necessary  in  connection 
with  a  repair  plant. 

A  special  and  separate  wheel  and  axle  shop  can  often  be 
provided  to  good  advantage;  although  this  class  of  work  is 
frequently  done  in  the  regular  machine  shop  of  a  general  rail- 
way reijair  plant,  yet,  unless  the  plant  is  small,  it  can  usually 
be  set  apart  and  located  more  conveniently  to  the  car  repair 
work  in  connection  with  which  it  is  principally  used;  the  class 
of  labor  employed  is  different  from  that  engaged  on  locomotive 
machine  work,  and  its  heavy  materials  (wheels,  axles,  etc.) 
usually  come  to  it  direct  from  outside  sources.  The  number 
of  pairs  of  wheels  used  under  freight  equipment  cars  at  any 
one  general  repair  point  is  always  so  very  much  greater  than 
the  number  used  for  locomotive  work,  that  the  wheel  and  axle 
shop  should  properly  be  located  and  arranged  with  reference 
to  the  needs  of  the  freight  car  repair  department.  Where 
new  cars  are  built  In  considerable  numbers  this  wheel  and 
axle  shop  may  be  enlarged  and  equipped  as  a  truck  shop,  or 
an  entirely  separate  but  contiguous  truck  shop  put  up;  a 
truck  shop  should  be  equipped  to  do  all  necessary  machine 
work  on  castings  as  received  from  the  foundry  and  forgings 
as  received  from  the  smith  shop;  a  number  of  such  truck 
shops  have  been  put  up  within  the  last  few  years. 

The  output  of  several  freight  car  repair  plants  is  given  in 
Table  14  on  the  basis  of  a  month's  work,  both  total  and  per 
stall;  the  returns  include  light,  medium  and  heavy  repairs, 
but  exclude  running  repairs;  as  the  classification  of  freight 
car  repairs  is  somewhat  indefinite  it  is  probable  that  these 
terms  are  differently  interpreted  in  different  localities,  and 
due  allowance  must  be  made  for  this  fact;  there  being  no 
definite  basis  of  judging  of  the  ouput  of  freight  car  repair 
yards,  and  it  being  necessary  to  have  one  for  purposes  of 
comparison,  it  was  assumed  that  the  output  of  repaired  cars 
per  month  per  stall  was  the  fairest  criterion,  and  it  has  there- 
fore been  used,  as  previously  done  in  the  case  of  locomotives 
and  passenger  equipment  cars.  The  table  shows  a  great  vari- 
ety of  repair  plants  with  standing  capacity  ranging  from  a 
minimum  of  33  to  a  maximum  of  728,  and  other  plants,  not 
here  listed,  can  best  be  compared  with  these  by  selecting  those 
which  correspond  most  closely  in  the  matter  of  standing 
capacity;  the  outputs  per  month  per  stall  also  vary  between 
very  wide  limits,  but  it  is  believed  that  when  attention  is  once 
directed  to  these  great  differences  it  will  be  possible  to  bring 
the  efficiency  of  the  less  productive  plants  up  to  the  basis  of 
the  better  ones. 

As  the  exceptional  results  shown  for  the  Oneonta  shops  of 
the  Delaware  &  Hudson  may  challenge  criticism,  It  should  be 
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stated  that  they  have  been  carefully  verified;  it  is  surprising 
to  find  that  a  shop  as  little  Ifnown  and  bo  seldom  visited  as 
Oneonta  should  head  the  list  for  unit  output.  The  showing  of 
the  Baltimorp  shop  of  the  Baltimore  &  Ohio  is  also  highly 
creditable.  It  is  not  known  what  proportion  of  steel  cars  are 
handled  at  Oneonta,  but  at  Baltimore  the  facts  are  as  fol- 
lows: Of  the  average  total  of  157  cars  standing  under  repairs, 
32  are  steel  and  125  are  wooden;  of  the  average  total  of  5,048 
cars  turned  out  per  month  (after  repairs),  472  are  steel  and 
4,570  are  wooden;  the  corresponding  outputs  per  stall  per 
month  are,  steel  14.75,  wooden  30.01;  the  ratio  of  these  two 
quantities  is  2.48,  which  means  that  under  present  conditions 
at  Baltimore  it  takes  between  two  and  three  times  as  long 
to  repair  a  steel  car  as  it  does  to  repair  a  wooden  car.  The 
figures  in  Table  14  should  be  followed  up  by  investigation  on 
the  ground  at  the  various  plants,  as  arrangements,  facilities, 
organization  and  supervision  all  have  a  bearing  on  the  results. 
The  outputs  (total  and  unit)  of  several  new  plants  have  been 
predicted,  but  it  is  considered  best  not  to  state  them  until 
they  can  be  verified  by  experience. 

(To  be  continued.) 


NEW  LOCOMOTIVE  AND  CAR  SHOPS. 


McKkes  Rocks,  Pa. 


WATER  SOFTENING    ON  A  LARGE  SCALE, 


With  the  installation  of  water  softening  plants  sufficiently 
numerous  to  provide  good  water  for  entire  divisions  or  entire 
railroads  the  opportunity  for  a  thorough  test  of  the  advan- 
tages of  chemical  treatment  in  roadside  plants  is  provided. 
Such  a  wholesale  and  thorough  equipment  as  that  of  the  ritts- 
biirgh  &  Lake  Erie  marks  what  seems  likely  to  be  a  new  epoch 
in  this  important  development.  In  this  issue  the  first  of 
several  articles  on  this  equipment  is  presented.  This  road 
entered  into  a  thorough  investigation  of  its  waters  and  of 
various  kinds  of  softening  apparatus,  and  when  satisfied  as 
to  the  right  course  to  pursue,  the  decision  to  make  the  appli- 
cation a  thorough  one  was  at  once  followed  by  actual  con- 
struction. The  officers  of  this  road  first  studied  and  then 
acted,  and  boldly.  .  As  to  the  wisdom  of  the  course  there  is 
no  doubt. 

An  exceedingly  interesting  statement  has  been  received  from 
the  railroad  officer  who  is  most  competent  to  judge  the 
value  of  water  softening  for  locomotive  purposes,  to  the  effect 
that  he  expects  to  be  able  to  show  that  the  reduction  in  the 
consumption  of  coal  on  divisions  which  are  equipped  with 
water  purifiers  will  more  than  balance  the  cost  of  chemicals 
used  in  the  treatment  of  the  water.  All  other  gains,  therefore, 
will  be  "velvet."  When  these  large  installations  have  been  in 
service  a  little  longer  we  hope  to  be  able  to  show  what  the 
other  gains  amount  to,  and  it  is  sure  to  be  a  very  fine  showing 
for  the  investments  in  purifying  apparatus. 

The  people  who  attempt  to  find  out  what  there  is  in  this 
question  of  water  purification  by  putting  up  a  single  softening 
plant  are  like  the  Irishman  who  judged  the  probable  comfort 
of  a  feather  bed  by  lying  upon  a  single  feather  upon  the  floor. 
He  found  it  very  hard.  Now  that  the  importance  of  providing 
"gainst  mixing  treated  and  untreated  water  in  locomotive 
tenders  is  appreciated,  we  shall  undoubtedly  make  great  strides 
toward  improvement  in  the  service  rendered  by  locomotive 
boilers. 


It  is  one  thing  for  the  head  of  a  department  to  issue  instruc- 
tions to  his  subordinates  and  quite  another  thing  to  know 
that  they  are  understood  and  carried  out.  One  motive  power 
superintendent  requires  from  his  master  mechanics  every  three 
months  a  letter  stating  that  they  understand  and  are  carrying 
out  the  instructions  given  in  the  form  of  "circulars  of  instruc- 
tion." in  this  way  hoping  to  keep  these  instructions  promi- 
nently in  the  minds  of  the  subordinates.  Thus  far  it  has 
worked  very  well  and  has  had  an  unexpected  eiTect  in  leading 
to  a  most  useful  method  of  issuing  instruction  circulars.  The 
number  in  force  has  been  greatly  reduced  and  they  are  now 
kept  up  to  date  and  consistently  consolidated  into  a  systematic 
code  of  working  rules.  This  effect  on  the  rules  themselves  is 
not  the  least  important  result  of  the  overhauling  the  matter 
has  received.  Others  might  find  advantage  in  a  plan  of  this 
kind. 


PITTSBUBGH  Si  LAKE  EHIE  BAII.KOAD. 


The  approaching  completion  of  the  new  locomotive  repair 
shops  of  the  Pittsburgh  &  Lake  Erie  at  McKeea  Rocks,  Pa.,  Is 
of  interest  and  importance  to  those  interested  in  railroad- 
shop  development,  as  many  radical  improvements  and  ad- 
vances have  been  incorporated  which  will  place  them  in  a 
prominent  position  as  representative  of  the  very  latest  prac- 
tice. It  Is  with  pleasure  that  we  are  permitted,  by  the  cour- 
tesy of  the  officials  in  charge,  to  present  a  description  of  the 
shop  equipment  and  buildings,  which  will  follow  in  a  series  of 
articles  as  the  different  departments  are  completed  and  go  into 
service. 

The  most  remarkable  feature  of  these  new  shops  is  the  mag- 
nitude of  the  locomotive  repair  department,  which  is  the  por- 
tion that  is  at  present  nearing  completion.  It  is  seldom  that 
a  railroad  having  less  than  200  miles  of  track  may  be  found 
operating  over  200  locomotives;  such  is  the  case,  however, 
upon  the  Pittsburgh  &  Lake  Erie,  which,  with  a  total  length, 
main  line  and  branches,  of  only  194  miles,  has  considerably 
over  200  locomotives  in  use.  The  result  of  the  very  heavy 
traflic  which  requires  so  large  an  equipment  is  to  impose 
peculiar  and  unusual  operating  conditions  which  are  not  to 
be  found  elsewhere.  This  accounts  for  the  installation  of  a 
locomotive  shop  of  sufllcient  size  to  handle  the  repair  work 
of  a  road  of  from  750  to  1,000  miles  in  length,  operating 
under  ordinary  conditions. 

CHARACTERISTICS    OF    THE    ROAr). 

The  Pittsburgh  &  Lake  Erie  operates  as  a  connecting  link 
between  the  steel-mill  and  coal  and  coke  industries  of  the 
Pittsburgh  region  and  the  large  trunk  railroads  and  lake  ship- 
ping interests  in  the  vicinity  of  the  Great  Lakes  to  the  north; 
it  also  serves  as  the  Pittsburgh  connection  of  the  New  York 
Central  lines.  The  most  important  freight  traffic  of  this  road 
is  the  movement  of  coal  and  coke  from  the  Youghiogheny  and 
Monongahela  divisions  of  the  road,  south  of  Pittsburgh,  to  the 
north  to  the  trunk  lines  and  lake  shipping,  this  traffic  compris- 
ing over  one-third  of  the  entire  freight  business  of  the  road. 
Another  very  large  proportion  of  the  freight  traffic  is  the 
heavy  shipments  of  iron  ore  from  points  on  Lake  Erie  to  the 
many  blast  furnaces  in  the  Pittsburgh  region. 

An  idea  of  the  magnitude  of  the  traffic  may  be  had  from  the 
fact  that  a  total  car  movement  of  9,000  cars  per  day  has  been 
reached,  for  a  maximum,  the  average  daily  movement  of  cars 
being  in  the  vicinity  of  7,000  cars.  The  total  car  mileage  for 
the  last  twelve  months  has  aggregated  98.789.694  miles.  The 
effect  of  these  enormous  movements  of  freight  both  north  and 
south,  together  with  that  of  a  heavy  passenger  traffic,  is  to 
make  necessary  the  maintenance  of  a  very  large  rolling  equip- 
ment. 

The  freight  equipment  of  the  road  consists  of  11,800  cars, 
and  the  heavy  passenger  traffic  requires  over  100  passenger 
cars.  Of  the  total  of  over  200  locomotives,  96  are  heavy  con- 
solidations; 52  of  these  have  total  weights  of  192.000  lbs.  and 
tractive  efforts  each  of  44,100  lbs.  The  rated  load  for  the 
heavy  consolidations  is  3.500  tons,  the  maximum  ruling  grade 
of  the  system  being  16  ft.  to  the  mile,  but  they  cannot  al- 
ways be  run  fully  loaded,  as  the  maximum  train  length  per- 
mitted is  80  cars.  To  handle  this  extremely  heavy  service 
over  350  engineers  and  about  the  same  number  of  firemen 
are  constantly  employed. 

The  road  is  double-tracked  throughout  its  length  and  is  four- 
tracked  in  many  of  the  sections  where  the  traffic  is  most  dense. 
The  entire  system  is  fully  protected  by  automatic  electric 
block  signals.  The  entire  equipment  of  the  road  is  most  com- 
plete and  modern,  and  the  effort  made  is  to  render  the  service 
more  efficient  and  productive  as  the  business  increases,  rather 
than  congested  and  delayed  in  periods  of  heavy  business.  This 
most  progressive  policy  is  due  to  the  efficient  management  of 
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Mr.  J.  M.  Schoonmaker,  vice-president  and  general  manager, 
and  the  results  of  his  progressive  management  tend  to  verity 
tne  saying  that  "the  best  is  the  cheapest  In  the  end,"  inasmuch 
as  the  last  annual  report  of  the  P.  &  L.  K.  indicated  a  gross 
earning  last  year  of  $54,000  per  mile  of  track  operated,  as 
against  the  average  earnings  of  $10,000  to  $20,000  per  mile 
upon  other  roads.  These  important  features  of  this  road  are 
phenomenal  and  rare. 

The  most  important  of  the  many  improvements  now  under 
way  upon  the  P.  &  L.  B.  is  the  new  repair-shop  Installation  at 
McKees  Rocks,  Pa.,  which  is  rapidly  approaching  completion. 
The  larger  buildings  of  the  locomotive-repair  department,  in- 


of  ground  available  has  been  utilized.  The  width  of  the  tract 
was  limited  by  the  main  line  on  the  east  and  other  railroad 
property  on  the  west,  and  the  length  is  limited,  but  a  most 
convenient  arrangement  of  building  has  been  worked  out. 

The  combined  locomotive  erecting  and  machine  shop  ii 
situated  to  the  north  of  the  roundhouses,  and  the  boiler  shop 
and  the  blacksmith  shop  are  located  beyond  it  and  adjacent  to 
the  trestle  which  carries  the  Pittsburgh,  Chartiers  &  Youghl- 
ogheny  Railway,  a  tributary  line,  across  the  shop  site.  The 
location  of  the  main  erecting  shop  provides,  by  virtue  of  the 
transverse  arrangement  of  the  pit  tracks,  easy  access  for 
engines   entering   from   the   roundhouses;    a   direct-connecting 
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eluding  the  combined  erecting  and  machine  shop,  the  boiler 
shop  and  the  blacksmith  shop,  are  ready  for  occupancy,  and 
the  necessary  machinery  is  being  installed.  The  power  plant 
has  been  in  operation  for  some  time.  It  will  be  several 
months,  however,  before  the  shops  will  be  ready  for  complete 
operation  in  all  departments;  the  storehouse  building  is  not 
yet  completed,  and  the  casting-house  has  only  the  foundation 
laid  at  this  time. 

LOCATION  OF  THE  SHOPS. 

In  rebuilding  the  shops  it  was  thought  best  to  locate  them 
upon  the  site  of  the  old  shops  at  McKees  Rocks,  as  the  most 
favorable  point  upon  the  road  for  the  purpose.  McKees  Rocks 
is  the  nearest  yard  and  roundhouse  site  available  to  the  Pitts- 
burgh terminal,  on  account  of  the  limiting  conditions  of  the 
country  in  the  vicinity  of  Pittsburgh.  The  Monongahela  River 
on  one  side  and  a  steep  bluff  several  hundred  feet  high  on  the 
other  side  absolutely  prohibited  locating  the  shops  nearer  the 
city,  but  the  distance  from  the  terminal  to  the  site  occupied, 
4%  miles,  is  not  prohibitive.  The  site  chosen  is  also  the 
natural  division  point,  as  the  main  line  and  the  Youghiogheny 
division  (which  includes  the  Monongahela  division)  center  at 
Pittsburgh,  with  81  miles  (the  main  line  and  branches)  to 
the  north  and  113  miles  (the  Youghiogheny  and  Monongahela 
divisions)  to  the  south.  Several  tributary  roads  for  which 
locomotive-repair  work  is  done  also  have  terminal  connec- 
tions with  the  system  at  Pittsburgh,  so  that  easy  access  is 
afforded  tc^  the  shop  site.  In  this  way  practically  all  of  the 
engines  of  the  system  pass  the  main  shop  on  every  round 
trip,  and  thus  no  time  can  be  lost  in  going  to  and  from  the 
shops. 

GBOIJND    PLAN. 

The  new  shops  are  being  rebuilt  upon  the  site  of  the  old 
shops,  the  new  locomotive-department  buildings  being  located 
upon  the  site  of  the  old  car-shop  buildings,  which  were  re- 
moved to  permit  the  new  construction.  The  old  locomotive-  ' 
department  buildings,  which  have  not  yet  been  entirely  va- 
cated, now  occupy  the  site  upon  which  the  new  car  shops 
will  be  built,  the  details  of  which  have  not  as  yet  been  defi- 
nitely decided  upon.  The  general  arrangement  of  the  loco- 
motive-shop buildings,  upon  the  south  end  of  the  shop  site, 
and  the  tracks  serving  them,  Is  indicated  in  the  accompanying 
full-page  ground  plan,  which  shows  how  well  the  limited  tract 


FLOOK  AREAS   OF    THE   BUILDINGS. 

Square  Feet. 

Erecting  shop    (530  x  70) =    37,100 

Machine   shop    (530  x   100) =    53,000 

Boiler  and  tank  shop   (275  x  100) =    27,500 

Blaclismith  shop   (200  x  75) =    15,000 

Total    locomotive    shops =  132.600 

Square  Feet. 

Storehouse    (100   x   75) =    7.500 

Casting  house   (90  x  40) =    2,800 

Power  plant    (100  x  77) =    7.700 

Paint  shop    (205  x  85) =17,425 

Color  shop    (60  x  30) —    1.800 

PERCENTAGES     OF     LOCOMOTIVE     DEPABTMENT     SHOPS. 

(Total,  132,600  Sq.  Ft.) 

Erecting    shop     28.0% 

Machine  shop    40.0% 

Boiler  and  tank   shop 20.7% 

Blacksmith    shop    .; 11.3% 

100. 

FLOOE    ABEA   OF    VARIOUS    DEPARTMENTS    PEE    PIT    IN    THE    ERECTING    SHOP. 

(Total  number  of  erecting  pits,  22.) 

Square  Feet. 

Erecting    shop    1,686 

Machine    shop    2.409 

Boiler  and  tank  shop 1.250 

Blacksmith  shop    681 

DISTANCES    OF    TRAVEL.    BETWEEN    CENTERS    OF    SHOP 

BUILDINGS. 

Feet. 

Erecting  shop  to  machine  shop 85 

Erecting  shop  to  boiler  and  tank  shop 450 

Erecting  shop  to  blacksmith  shop 275 

Erecting  shop  to  storehouse 295 

Totals     1105 

Machine  shop   to  erecting   shop 85 

Machine  shop  to  boiler  and  tank  shop 365 

Machine  shop  to  blacksmith  shop 190 

Machine  shop   to   storehouse ■  210 

Totals    850 

Boiler  and  tank  shop  to  erecting  shop 450 

Boiler  and  tank  shop  to  machine  shop 365 

Boiler  and  tank  shop  to  blacksmith  shop 1"5 

Boiler  and  tank  shop  to  storehouse 325 

Totals    1,315 

Blacksmith    shop  to    erecting    shop 275 

Blacksmith    shop  to   machine   shop 190 

Blacksmith   shop  to  boiler  and  tank  shop 175 

Blacksmith  shop  to   storehouse 150 

Totals    T90 

Storehouse  to  erecting  shop 295 

Storehouse   to    machine    shop 210 

Storehouse  to  boiler  and  tank  shop 325 

Storehouse   to   blacksmith   shop 150 

Totals    980 
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track  leading  in  from  eitlier  roundhouse.  The  boiler  and  smith 
shops,  as  well  as  the  casting  house,  have  direct  track  con- 
nections with  the  main  shop,  and  the  storehouse  is  liberally 
provided  with  track  facilities.  The  result  of  the  arrangement 
chosen  is  to  render  the  distances  for  moving  material  much 
shorter  and  more  direct  than  is  possible  with  most  shop  lay- 
outs, and  still  ample  space  and  convenient  passageways  be- 
tween the  buildings  are  provided. 

The  power  plant  is  located  very  close  to  the  center  of  power 
consumption,  which  lies  in  the  locomotive  erecting  and  ma- 
chine shop  (always  the  governing  factor  in  the  railroad 
shop  problem),  and  also  is  most  conveniently  arranged  for 
operating  the  water  supply  system  and  the  new  hot-water 
boiler  washing  system  to  be  installed  in  the  roundhouses. 
In  this  way  its  location  is  ideal.  This  location  also  pro- 
vides easy  access  for  the  side-track  leading  to  the  coal  and 
ash-handling  apparatus  for  the  power  house,  which  is  so  ar- 
ranged as  to  avoid  all  manual  handling. 

OAPACITT     AND     EXTENSION     OF     PLANT. 

The  capacity  for  which  the  locomotive  shops  were  intended 
was  that  of  taking  care  of  the  heavy  repairs  for  all  the  loco- 
motive.s  of  the  system,  over  200  in  all,  each  of  which  is  to 
pass  through  the  shops  once  per  year.  This  has  been  amply 
provided  for,  inasmuch  as  there  are  22  pits  in  the  erecting 
shop,  constantly  available  for  repair  work  (the  other  two 
pits  of  the  24  being  reserved  as  entering  tracks),  and,  as  may 
be  noted  in  the  accompanying  table,  a  very  large  proportion 
(40  per  cent.)  of  the  total  locomotive  department  shops  is  de- 
voted to  machine  shop  work.  This  will  permit  the  entire 
locomotive  equipment  to  be  taken  care  of  very  easily,  as  with 
the  present  number,  only  about  10  locomotives  will  need  to  be 
repaired  per  pit  per  year,  to  pass  all  of  them  through  the 
shop;  this  is  equivalent  to  about  33  days  in  the  shop  for  each 
locomotive,  which  is  a  very  liberal  allowance  with  the  modern 
conveniences  in  repair  shop  work.  It  is  expected,  however, 
that,  with  the  facilities  that  will  be  provided,  about  one-half 
of  this  time  will  be  required  per  engine. 

A   system   of   standardization   of   locomotive   parts   and    de- 


tails is  gradually  being  worked  into  the  motive-power  depart- 
ment of  this  road,  which  will  greatly  facilitate  the  work  of 
effecting  repairs  to  locomotives.  Many  of  the  older  locomotives 
of  the  small  sizes  are  being  disposed  of.  and  the  new  loco- 
motives purchased  are  carefully  designed  to  conform  to  the 
standard  designs  of  parts  and  details  that  are  now  being 
worked  to.  This  system  of  standardization  is  to  be  extended 
later  to  cover  the  storage  of  duplicate  parts  for  all  locomotives 
in  the  storehouse,  where  they  will  be  kept  always  in  stock 
ready  to  be  drawn  out  upon  proper  requisition.  In  this  way, 
after  a  locomotive  is  stripped  for  general  repairs,  it  need  only 
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wait  for  the  repair  parts  to  be  drawn  out  of  the  storehouse 
upon  requisition  for  re-erecting,  and  no  delay  is  caused  by 
waiting  for  repairs  to  dismantled  parts,  which,  after  necessary 
repairs,  are  merely  returned  to  the  storehouse. 

This  method  of  handling  the  work  of  repairing,  involves  in 
itself  a  reserve  capacity  for  the  shop,  the  extent  of  which  it  is 
hard  to  estimate.  It  is  safe  to  say,  however,  that  the  time 
required  per  engine  on  the  pit  may  be  cut  down  sufficiently 
to  permit  double  the  present  locomotive  equipment  to  be 
handled  by  the  repair  shop  facilities  now  being  installed — thus, 
it  may  be  seen  that  the  general  scheme  of  the  shops  provides 
repair  facilities  adequate  to  take  care  of  an  ejicrmous  growth 
of  the  road. 
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I.ONMTCDINAL    SECTION    THROUGH    BOILER. 
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THE    HEAVIEST    LOCOMOTIVE    EVER    BUILT. 


Atchison,  Topeka  &  Sante  Fe  Railway. 


SANTE    FE     (2-10-2)     TYPE,    TANDEM    COMPOUNDS. 

Because  of  their  enormous  proportions  and  the  large  number 
ordered  this  is  the  most  remarlcable  locomotive  design  of  the 
year.  A  photograph  and  table  o£  dimensions  appeared  on  page 
372  of  our  October  number.  The  type  of  wheel  arrangement 
is  believed  to  be  new.  The  engines  are  similar  in  many  re- 
spects to  the  decapod  or  2-10-0  type,  illustrated  on  page  190 
of  our  issue  of  June  1902,  with  the  addition  of  a  pair  of  trail- 
ing wheels,  an  addition  of  about  20,000  lbs.  in  total  weight  and 
some  changes  in  the  boiler.  These  engines  are  capable  of 
exerting  a  tractive  effort  of  69,500  lbs.  in  starting  and  62,800 
lbs.  when  runring  as  compounds.  They  are  equivalent  to 
simple  locomotives  with  25.44  and  24.22  in.-cylinders  re- 
spectively, in  starting  and  in  running.  In  the  construction 
of  the  cylinders  no  material  changes  have  been  made  from  the 
decapod  design.  By  aid  of  the  accompanying  table  compari- 
sons may  be  made  between  this  and  other  recent  heavy  loco- 
motives. 

In  the  table  will  be  found  two  2-10-0  design  of  tandem  com- 
pounds built  for  this  road  by  the  Baldwin  and  American  loco- 
motive works.  Three  of  these  engines  have  been  in  service 
for  a  year  and  a  half.     They  have  232,000  and  237,000  lbs.  on 
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COMPAHATIVE    TABLE    OF   DIMENSIONS    OF    HEAVIEST    FREIGHT   LOCOMOTIVES. 


Type — Drivers     

Type — Name    

Name  of  railroad 

Number  of  road  or  class .  . 

Builder 

Simple  or  compound 

When  built    

Weight,   engine  total,   lbs 

Weight,  on  drivers,  lbs 

Weight, on  leading  truck,  lbs.... 
Weight,  on  trailing  truck,  lbs.  .  . 
Weight  of  tender  (loaded),  lbs.. 
Wheel  base,  driving,  ft.  and  ins. 
Wheel  base,  total,  engine,  ft.  &  ins 
Wheel  base,  total   engine  and 

tender,  ft.  and  ins 

Driving  wheels,   diameter,   ins.  .  . 

Cylinders,   diameter,   ins 

Cylinders,    stroke,    ins 

Heating  surface,  firebox,  sq.  ft.  . 
Heating  surface,  arch  tubes,  sq.  ft 
Heating  surface,  tubes,  sq.  ft.  .  .  . 
Heating  surface,  total,  sq.  ft.  .  .  . 

Firebox,    length,    ins 

Firebox,   width,    ins 

Grate   area.    sq.   ft 

Boiler,  smallest  diameter  of,  ins. 
Boiler,   height   of  center    above 

rail,  ft.  and   ins 

Tubes,  number  &  diameter  in  ins 

Tubes,  length,  ft.  and  ins 

Steam  pressure,  lbs.,  per  sq.  In.  . 

Type  of  boiler 

Fuel    

Reference  in  American  Engineer 
and  Railroad  Journal 


4-8-0 

Mastodon 
111.  Cent. 

640 
Brooks 

Simple 

1899 

221.450 

181,400 

40,050 


147,600 
15-9 
26-6 

60-2  H 
57 
23 
30 
263 


3.237 

3.890.6 

3.500 

4,105.6 

132 

120 

41% 

108 

37.5 

90 

80% 

80 

9-8 

8-7% 

424-2 

511-2 

14-8% 

14-7% 

210 

200 

Belpalre 

Wootten 

Sltum.    coal 

Ant.  coal 

Oct.,  1899 

Dec.,  1898 

P.  315 

P.  395 

2-8-0 

Cousol. 

L.  V. 

Baldwin 
Vauclain 
Compound 

1898 
225.082 
202,232 
22.850 


121,000 
15-0 
23-10 

BS-OH 

55 
18&30 

30 
215 


2-8-0 

Consol, 

N.  Y.  C 

G-4 

American 

Tandem  C 

1903 

227,000 

201,000 

26,000 


133,850 
15-0 
23-7 

59-1 

51 

16&30 

30 

201 

26 

3,915 

4.142 

105 

79 

58 

77 

9-3 

507-2 

14-9 

210 

Extended 

"Wagon  top 

Bitum.    coal 

May,  1903 

P,  174 


2-8-0 

Consol, 

Union 

95 

Pittsburgh 

Simple 

1898 

230.000 

208,000 

22,000 


104,000 
15-7 
24-0 

54-9% 
54 
23 
32 
205 


3,116.5 
3.321.5 

120 

40.5 

33.5 

80 

9-3% 

355-214 
15-0 
200 

Straight 

Bitum.    coal 

Nov..  1898 

P.  365 


2-8-0 

Consol. 

B.  &L.  E. 

150 
Pittsburgh 

Simple 

1900 

250,300 

225,200 

25.100 


141.100 
15-7 
24-4 

57-11  &4 
54 
24 
32 
241 


2-10-0 

Decapod 

A..  T.  &  S.  F. 

989 

.American 

Tandem  C 

1902 

259.800 

232,000 

27,800 


3,564 

3,805 

132 

40.25 

36.8 

84 

9-11% 

406-2 14 
15-0 
220 

Straight 
Bitum.    coal 
July.  1900  I 
P.  214 


134.900 
20-0 
28-11 

62-0 

57 

17%  &30 

32 

205.4 


4.476.5 

4.681.9 

108  1-16 

7914 

59.5 

78% 


413-2% 
18-6 
225 
Extended 
Wagon  top 
Feb.,  1902 

on 

P,  38 


2-8-2 

Mikado 

A..  T.  &  S.  F. 

900 

Baldwin 

Vauclain 

Compound 

1902 
261,720 
199,670 
27,250 
34,800 
162,000 

16-0 
31-6% 

62-0 

57 

18&30 

32 
210.3 


5.155. 8 
5.366.1 
108 
78 
58.5 
78% 
9-10 

463-2>4 
19-0 
225 

Wagon  top 
Bitum.  coal 
Jan..  1903 
P.  16  and 
Mar..  1903 
P.  109 


2-10-0 

Decapod 

A.,  T.  &  S.  F, 

987 

Baldwin 

Tandem 

Compound 

1902 
267.800 
237.800 
30,000 


20-4 
29-10 

59-6 

57 

19&32 

32 

210.3 

23.9 

5.155.8 

5.390 

108 

78 

58.5 

78.75 


463-2 H 
19-0 
225 

Wagon  top 

Bitum.    coal 

June.  1902 

P.  192 


2-10-2 

Santa  Fe 

A.,  T.  &  S.  F. 

915 

Baldwin 

Tandem 

Compound 

1903 
287.240 
234,580 
23,420 
29.240 
162.000 
19-9 
35-11 

66-0 

57 

19  &32 

32 

210.0 


4.586 
4.796 

108 
78 

58.5 
78.75 


391-2% 
20 
225 

Wagon  to» 

Bitum.    coal 

Nov..  1903 
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driving  wheels,  and  are  giving  most  satisfactory  results  ex- 
cept that  they  will  not  run  backward  down  a  curved  hill  with- 
out derailing.  This  is  because  of  the  lack  of  trailing  wheels 
to  guide  them.  Later  the  2-8-2  type  appeared.  These  origin- 
ally had  200,000  lbs.  on  the  8  driving  wheels,  which  was  raised 
by  traction  increasers  to  230,000  lbs.  In  the  new  engines  the 
latter  weight  on  drivers  was  dpsired,  but  without  resorting  to 
the  use  of  traction  increasers.    Hence  the  new  2-10-2  design. 

SANTE  FB  TYPE  TANDEM  COMPOUND  LOCOMOTIVE. 


Atchison,  Topeka  &  Sante  Fe  Railway. 


KATIOS. 

Heating  surface  to  volume  of  high  pressure  cylinders =  456. 

Tractive  weight  to  heating  surface —     49. 

Tractive   weight   to   tractive   effort =       3.73 

Tractive  effort  x  diameter  of  drivers  to  heating  surface =  746. 

Heating  surface  to  tractive  effort,  per  cent. . .  * ~       7.6 

Total  weight  to  heating  surface =     59.89 

This  table  shows  that  the  new  design  is  20,000  lbs.  heavier 
in  total  weight  than  the  2-100  already  referred  to,  while  the 
weight  on  driving  wheels  is  a  trifle  less.  Instead  of  5,390  sq. 
ft.  of  heating  surface,  the  new  one  has  4,586  sq.  ft.,  the  diameter 
of  the  boilers  being  the  snme.  But  the  new  boilers  are  longer, 
the  tubes  are  20  ft.  long  and  of  the  same  diameter,  2%  in.  In 
the  new  boiler  there  are  391  tubes  as  compared  with  463  of  the 
earlier   engine.^    This   should   result   in   freer   circulation.     In 

AN  EXTENTIVE  WATER  SOFTENING  INSTALLATION 

TOTAL  CAPACITY  348,000  GALLONS  PER  HOUR. 

PiTTsiiUKGH  &  Lake  Erie  R.ui.road. 


the  new  boiler  the  water  spaces  in  front,  sides  and  back  of  the 
firebo.K  are  iV:i,  5  and  4  in.  respectively.  This  additional  space, 
particularly  at  the  sides  is  a  commendable  improvement. 
While  there  seems  to  be  a  considerable  sacrifice  of  heating 
surface  in  these  new  boilers  the  step  toward  providing  better 
circulation  is  undoubtedly  in  the  right  direction,  especially  on 
a  road  having  such  bad  waters  as  the  Sante  Fe.  These  boilers 
are  supported  by  plates  at  the  back  end,  and  by  sliding  supports 
on  cross  frame  braces  at  the  front  end  of  the  firebox.  The 
longitudinal  seams  are  welded  for  14  in.  at  the  front  end  and 
9  in.  at  the  back  end  of  the  first  course;  9  in.  at  each  end  of 
the  taper  course  and  the  whole  seam  is  welded  on  top  of  the 
third  course.  The  drawings  show  that  there  are  14,  1%-in. 
stays,  1,322,  1-in.  stays  and  272  special  1-in.  stays  with  in- 
terrupted threads.     These  boilers  have  two  firedoors. 

In  the  cylinder  construction  and  the  arrangement  of  valves 
the  previous  design  has  been  closely  followed.  The  engravings 
of  these  parts  are  not  repeated,  for  this  reason.  The  center 
line  of  the  cylinders  is  inclined  1  in.  in  24  in.,  the  line  meeting 
the  center  line  of  the  driving  wheels  at  a  point  7-in.  back  of 
the  fourth  driving  axle.  For  the  joint  between  the  high  and 
low  pressure  steam  chests  a  packed  gland  is  used  as  before. 
This  also  applies  to  the  steam  pipe  connection  for  the  high 
pressure  cylinders. 

In  auoUier  issue  detail  drawings  of  the  frames,  crossheads, 
crank  pins,  rods  and  driving  wheels  will  be  presented. 


There  is  at  this  time  no  problem  directly  connected  with 
the  operation  of  railroads  so  vitally  important  to  transijorta- 
tion  and  which  so  intimately  affects  desired  results  as  that  of 
supplying  satisfactory  water  for  locomotive  boilers.  This 
came  to  be  appreciated  when  the  abnormal  conditions  of  busi- 
ness during  the  past  three  years  taxed  to  the  utmost  all  facil- 
ities for  moving  traffic.  There  is  now  no  feature  of  locomo- 
tive operation  and  construction  which  constitutes  so  great  a 
problem  as  the  maintenance  of  boilers,  and  this  is  intimately 
associated  with  and  affected  by  the  character  of  the  feed- 
water.  The  trouble  is  serious  and  justifies  elaborate  and  nec- 
essarily expensive  measures  for  improvement.  The  time  for 
imperfect  and  incomplete  methods,  such  as  by  using  "boiler 
compounds"  in  any  form,  or  by  using  any  treatment  wherein 
the  precipitation  of  the  scale-forming  solids  is  not  accom- 
plished and  the  material  removed  from  the  water  before  the 
water  is  delivered  to  the  locomotive  tender  has  passed  and 
important  roads  with  heavy  traffic  must  meet  the  issue 
squarely.  This  the  Pittsburgh  &  Lake  Erie  officers  have  done, 
and  it  is  a  privilege  to  place  on  record  tne  bold  and  broad- 
minded  plan  which  is  now  nearly  consummated  on  this  road. 

The  tendency  in  general  has  been  to  make  trial  or  sporadic 
applications.  This  road,  after  a  complete  and  thorough  study 
of  the  chemistry  of  its  waters,  and  after  becoming  satisfied  as 
to  the  means  to  be  employed,  determined  to  equip  at  once  the 
entire  road,  so  that  no  locomotive  would  take  other  than  treated 
water.  Such  a  step  has  never  been  taken  before,  and  the 
results  already  obtained  show  the  wisdom  of  the  decision  and 
of  the  methods  employed. 

This  road,  with  a  total  of  194  miles  of  track,  has  more  than 
one  locomotive  per  mile  and  deals  with  a  dense  traffic  in  coal, 
ore  and  steel  products,  centering  in  Pittsburgh,  which  is  best 
shown  by  the  statement  that  the  car  mileage  for  the  last 
twelve  months  has  aggregated  98,789,694  miles. 

For  water  supply  it  is  dependent  chiefly  upon  the  Ohio,  the 
Monongahela  and  the  Youghiogheny  rivers.  The  difficulty 
with  the  waters  is  due  not  only  to  excessive  sediment,  but 
also  to  scale-forming  salts,  and,  in  some  cases,  to  free  sul- 
phuric acid.  The  result  of  the  use  of  this  water  in  boilers  in 
the  enormous  quantities  required  to  haul  the  train  loads  of 
3,500  tons  rendered  the  problem  a  serious  one.    Large  num- 


bers of  locomotives  were,  as  a  consequence,  out  of  service 
because  of  flue  and  firebox  leakage  and  other  bad-water  trou- 
bles. New  flues  in  new  locomotives  had  under  these  condi- 
tions to  be  replaced  on  an  average  after  ten  months'  service. 
At  times  from  30  to  50  per  cent,  of  the  total  locomotive  equip- 
ment would  be  laid  off  at  one  time  for  flue  work.  During  the 
tad-water  season  quite  frequently  locomotives  would  "die"  on 
the  road,  due  to  excessive  firebox  leaks.  This  resulted  in  seri- 
ous interference  with  traffic.  This  is  not  surprising,  in  view 
of  the  fact  tnat  the  water  supplied,  for  example,  from  the 
Youghiogheny  River  contained  15  to  20  grains  of  free  sul- 
phuric acid  per  gallon,  and  other  waters  contained  much 
scale-forming  solids. 

'iae  crisis  in  the  water  question  came  during  the  freight 
congestion  of  last  year  and  proved  an  incentive  for  investiga- 
tion of  the  possibilities  o||bhemical  treatment  for  the  removal 
of  acid  and  of  the  scale-forming  impurities  from  the  water 
before  it  entered  the  boilers. 

This  work  was  undertaken  by  employing  an  expert  chem- 
ical engineer  to  determine  the  treatment  necessary  to  trans- 
form the  available  water  supply  into  good  boiler  feed-water, 
and  then  to  devise  or  to  find  a  treating  plant  that  would 
measure  up  to  the  requirements.  With  this  object  in  view,  the 
different  plants  on  the  market  designed  for  this  purpose  were 
examined,  analyses  of  "raw"  and  of  "treated"  waters  in  each 
ease  were  made  to  determine  the  work  being  done,  and  a  com- 
prehensive report  was  made  in  each  case,  measuring  up  each 
plant  with  the  ideal  plant,  thereby  showing  clearly  the  good 
and  the  bad  points  of  each. 

It  may  be  said  that  in  treatment  of  waters  for  the  removal 
of  scale-forming  solids,  all  chemical  engineers  agree  on  the 
use  of  lime  water  for  the  removal  of  carbonate  of  lime  and  of 
magnesia,  and  of  soda  ash  for  the  removal  of  sulphates  of 
lime  and  of  magnesia,  and  most  of  them  advocate  the  use  of 
soda  ash  to  neutralize  sulphuric  acid.  Therefore,  in  choosing 
between  the  different  purifying  plants  on  the  market  it  was 
not  a  question  of  difference  in  treatment,  but  entirely  a  ques- 
tion as  to  merit  in  mechanical  design  to  accomplish  certain 
fixed  chemical  results.  Some  of  these  requirements  may  be 
stated  as  follows: 

1. — The  delivery  of  the  chemicals  used  in  solution  at  desired 
rates  in  proper  proportions  to  variations  in  volume  of  raw 
water  pumped.  The  chemicals  should  be  so  delivered  that 
the  proportions  will  hold  accurately  through  variations  from 
"no  flow"  to  maximum  capacity  of  plant,  so  that  the  operator 
who  has  charge  of  the  pumping  plant,  as  well  aB  of  the  puri- 
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tying  plant,  may  start  and  stop  the  pump  without  interfering 
with  the  proper  purification  oi;  the  water. 

2._The  chemicals  and  the  raw  water  must  be  thoroughly 
mixed. 

3.— A  sufficiently  large  chamber  must  be  furnished  to  hold 
the  water  while  the  chemical  reactions  are  taking  place. 

4. — The  sedimentation  chamber  must  be  large  enough  to 
allow  time  in  the  "continuous  process"  for  good  precipitation, 
which  should  be  in  the  presence  of  old  sediment. 

5  —Proper  precautions  must  be  taken  to  prevent  the  water 
at  any  stage  in  the  treatment  from  "by-passing"  or  going 
ahead  of  water  previously  delivered  in  any  of  tne  chambers— 
that  is,  each  unit  of  water  should  bo  made  to  follow,  as  far 
as  possible,  the  preceding  unit  continuously  through  the  plant. 

6. — The  water  should  be  passed  through  an  easily  cleaned 
filter  before  leaving  the  plant. 

7. — As  small  a  quantity  of  purified  water  as  possible  should 
be  wasted  when  the  filter  is  washed. 

8,_Tlie  plant  should  have  good  construction  details,  easily 
protected  from  frost.  No  parts  not  easily  kept  in  repair, 
should  be  compact,  and  occupy  small  ground  area. 

The  purifying  plant  chosen  for  use  on  this  railroad  by  the 
above  method,  as  measuring  up  most  nearly  to  the  ideal  re- 
quirements, was  that  manufactured  and  erected  by  the  Ken- 
nicott  Water  Softener  Company,  of  Chicago. 

An  idea  of  the  character  of  the  waters  to  be  dealt  with  may 
be  had  by  examining  the  results  of  analyses  of  some  of  the 
"raw"  water  to  be  treated. 

AMALVSI.S     OF     WATER — M'KKliS     ROCKS. 

Parts  per  100,000. 
"Raw." 

Carbonate  of  lime 18.57 

Carbonate   of   magnesia    1.62 

Carbonate    of    soda    None 

Sulphate    of    lime    21.78 

Chloride    of    lime    87 

Chloride  of  magnesia   1-02 

Chloride  of  soda    3,71 

Sulphate    of    soda    None 

Total    ,•    47.57 

ANALYSIS     OF     WATER NEW     CASTLE     JUNCTION. 

, Parts  per  100  000 — -> 

"Well."  "River." 

Carbonate  of  lime    6.61  3.75 

Carbonate    of    magnesia    1.51  1.34 

Carbonate  of  soda    1-69  3.77 

Sulphate  of   lime    • 8.51  1.94 

Sulphate  of  magnesia    4.02  1.75 

Sulphate  of  soda    00  .00 

Chloride  of  magnesia    00  .64 

Chloride   of   soda    3.31  .73 

ANALYSIS    OF    WATER PITTSBURGH    POWER    HOUSE. 

•.  , Parts  per  100,000 , 

"Well."  "River." 

Oxide  of  iron    1.64  0.48 

Carbonate  of  lime   24.59  Trace 

Carbonate    of   magnesia    1.51  .... 

Carbonate  of  soda    1,71  0.42 

Sulphate   of   lime    7.51 

Sulphate  of  magnesia    10.32  2.93 

Sulphate  of  soda    6.89  1.50 

Chloride   of   lime 9.58  .... 

Chloride  of  soda   20.42  0.99 

Nitrate  of  sodium Present  In  small  amount 

Total     76.66  13.83 

In  treatment  of  water  containing  carbonates  by  use  of  lime 
water,  the  carbonates  are  removed  and  nothing  remains  in  the 
water;  but  in  the  action  of  soda  ash  on  the  sulphates  of  lime 
and  magnesia,  and  also  on  sulphuric  acid,  each  grain  of  sul- 
phate or  of  sulphuric  acid  removed  is  replaced  by  a  grain  of 
sulphate  of  sodium,  which  salt  is  soluble  and  remains  in  the 
w,ater.  This  soluble  salt  does  not  produce  any  scale,  but  as  it 
is  concentrated  in  the  boiler  by  evaporation,  "foaming"  or 
"priming"  results.  The  amount  of  concentration  that  will 
cause  this  trouble  depends  in  a  large  degree  on  physical  con- 
ditions. It  has  been  found  that  when  treated  water  is  used 
exclusively  in  a  boiler,  and  where  no  impurities  in  suspension 
are  present  (either  dirty  water  or  disintegrated  scale),  the 
concentration  may  be  very  high  before  trouble  will  result;  on 
the  other  hand,  where  solids  in  suspension  are  mixed  with 
treated  water  in  a  boiler,  foaming  will  result  much  more 
quickly.  For  this  reason  it  was  decided  that  best  results  could 
be  had  only  by  treating  all  the  water  used. 

Following  out  this  Idea,  treating  plants  have  been  built  at 


all  the  water  stations  where  "road"  engines  are  supplied  with 

water.    Those  plants  are  located  as  follows: 

Capacity  In 
Loiatlon.  QallonB  Per  Hour. 

McKeca  Rocks   ?2'2?2 

Ilasolton    42,000 

New  Castlo   Junction    *2-592 

Rock    Point    f ?'9S2 

Stobo    42.000 

Oroveton     J2,000 

Williamsburg    ?}'2XX 

Bucna    Vista    sJ'XXX 

Whitsett  Junction    ?l?Sx 

Pittsburgh   Terminal   Station    15,000 

At  McKees  Rocks,  Haselton,  Williamsburg  and  Whitsett 
Junction  the  plants  have  been  completed  and  in  operation  for 
some  time,  while  those  at  Stobo  and  Rock  Point  and  Buena 
Vista  have  just  gone  into  service.  The  remaining  three  plants 
will  be  completed  and  ready  for  operation  before  winter. 

This  indicates  the  magnitude  of  this  installation  and  also 
the  importance  of  the  results  to  be  expected.  Thus  far  the 
results  have  been  far  beyond  expectations,  and  in  many  ways 
they  are  surprising.  Details  of  the  plant  and  methods,  to- 
gether with  observed  effects  upon  the  condition  of  the  boilers, 
will  be  presented  in  other  articles  on  this  interesting  subject. 
The  plant  also  includes  a  new  method  of  washing  out  the 
boilers. 

{To  be  continued.) 


EFFECT    OF    HEAT    ON    STAYBOLT    BREAKAGES. 

In  one  of  the  discussions  before  the  recent  Master  Mechan- 
ics' Convention,  Professor  Hibbard  referred  to  some  interest- 
ing staybolt  experiments  as  follows: 

I  would  like  to  tell  of  some  tests  we  made  recently  regard- 
ing the  effect  of  increasing  temperatures  upon  the  life  of  stay- 
bolts.  The  reason  why  we  started  these  tests  was  because  it 
is  a  well-known  fact  that  if  you  bend  the  metal  or  hammer  it, 
or  do  anything  else  of  the  sort  to  it  while  it  is  at  the  blue 
temperature,  which  is  commonly  considered  to  be  the  tem- 
perature between  that  of  boiling  water  and  that  at  which  if 
you  sprinkle  hardwood  sawdust  on  the  metal  it  will  Ignite — 
we  wanted  to  carry  out  some  tests  on  staybolts  to  see  whether 
the  increasing  steam  pressures  up  to  300  pounds  per  square 
inch  would  cause  the  staybolts  to  become  more  brittle,  because 
of  their  being  at  the  blue  temperature,  as  we  supposed.  I  had 
for  some  years  imagined  that  the  increasing  pressures  of  mod- 
ern boilers  would  cause  staybolts  to  be  somewhere  near  the 
blue  heat,  and  thus  cause  them  to  be  more  brittle  and  per- 
haps make  staybolts  more  likely  to  break  as  we  increased 
boiler  pressures.  We  rigged  up  a  machine  to  test  them  and 
we  endeavored  to  come  close  to  making  the  test  correspond 
in  the  various  conditions  to  the  actual  working  conditions  of 
staybolts  in  locomotive  boilers;  namely,  we  took  a  thin  piece 
of  boiler  steel  and  a  thick  piece,  to  represent  the  Inner  and 
outer  sheets.  We  screwed  a  staybolt  into  these  two  sheets  and 
riveted  it  there  so  it  would  be  like  service  conditions.  Then 
we  immersed  the  staybolt  in  a  bath  of  hot  oil.  the  temperature 
of  which  we  controlled  by  a  gas  flame,  and  found  Its  tempera- 
ture by  a  thermometer,  continuously,  then  put  the  staybolt  In 
it.  the  tension  corresponding  to  the  tension  at  the  different 
steam  pressures  at  which  we  wished  to  test  the  various  stay- 
bolts,  and  then  vibrated  the  two  sheets  so  that  the  staybolt 
would  bend  14  in.  up  and  U^  In.  down,  like  the  tests  commonly 
carried  out  on  staybolt  iron  at  Altoona.  We  furthermore  fas- 
tened the  sheets  in  such  a  way  that  the  space  for  the  staybolts 
would  be  about  4  ins.  apart,  taking  that  as  a  standard.  This 
much  for  the  description.  On  testing  the  staybolts  at  temper- 
atures corresponding  to  atmospheric  steam  pressure,  with  a 
long  jump  up  to  160  lbs.  of  steam,  and  then  varying  by  small 
increments  of  steam  pressure  up  to  300  lbs.,  we  found  what  to 
me  was  a  surpising  fact,  namely,  that  the  Increase  of  steam 
pressure,  resulting  in  an  Increase  of  heat,  did  not  cause  the 
stavbolts  to  become  more  brittle  as  you  increased  the  steam 
r,^/,o=„ro  but  caused  them  to  be  more  ductile,  just  the  reverse 
of  what  we  expected. 


Mr.  A.  L.  Robinson  has  been  appointed  master  mechanle 
of  the  Southern  Railway,  with  headquarters  at  Princeton,  Ind. 
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STEEL    CAR    DEVELOPMENT. 


Pennsylvania  Railboad. 

n. 


(For  Previous  Article  see  Page  352.) 


Because  of  the  influence  of  its  design  upon  present  practice 
in  steel  coal  cars,  tlie  wooden  Gc  car  is  illustrated  for  the 
purpose  of  placing  it  in  this  record.  This  was  a  very  success- 
ful design  and  many  cars  of  this  type  are  now  running.  It 
has  twin  hoppers  and  a  total  cubical  capacity  of  1,108  cu.  ft.. 


As  a  backbone  the  Gm  car  has  a  box  girder  14  ins.  wide, 
open  at  the  bottom  and  built  of  two  pressed  steel  channels 
with  the  flanges  facing  each  other.  At  the  center  of  the  car 
this  girder  has  a  depth  of  18  ins.  At  the  hopper  doors  it  be- 
gins to  taper  in  a  curve  toward  the  bolsters,  where  the  depth, 
for  a  straight  portion  23  ins.  long,  is  10  ins.  At  the  body 
bolsters  the  center  sills  are  interrupted,  the  bolsters  being  con- 
tinuous across  the  car. 

The  bolster  construction  of  this  car  is  worthy  of  special 
notice.  The  bolster  is  an  inverted  pressed  steel  trough,  con- 
tinuous across  the  car.  Below  the  bolster  is  a  large  cross- 
shaped  bottom  cover  plate  taking  in  the  bottom  flanges  of  the 


Class  Gg  wooden  oar. 


the  weight  being  35,200  lbs.  The  drawing  shows  the  under- 
frame,  the  form  of  the  hoppers,  the  arrangement  of  the  doors 
and  other  features  to  which  it  is  not  necessary  to  direct  at- 
tention in  detail. 

The  transition  from  this  to  a  similar  car  in  steel  was  a 
simple  and  easy  one,  but  on  the  Pennsylvania  there  was  an 
intermediate  design,  the  Gm  cars,  of  which  five  were  built  by 
Mr.  Schoen  in  1896.  This  is  an  exceedingly  interesting  car 
from  a  structural  point  of  view,  because,  being  the  first  steel 
car  for  the  Pennsylvania,  it  embodied  what  are  now  considered 


bolster  and  center  sills,  extending  along  the  bolster  to  form 
the  upper  side  bearings  and  reaching  toward  the  end  of  the 
car  to  secure  the  short  draft  sills.  Toward  the  center  of  the 
car  this  cover  plate  extends  under  the  center  sills  to  a  point 
18  ins.  from  the  center  of  the  bolster.  This  construction  is 
shown  in  the  engraving  of  the  draft  gear.  In  later  designs 
the  diaphragm  construction  of  bolsters  was  used  and  the  cen- 
ter sills  were  made  continuous.  From  the  bolsters  to  the  ends 
of  the  car  the  center  sills  are  continued  by  short  sections  of 
pressed  plate  construction  with  a  sloping  top  to  suit  the  slant 

2g'6'/nside 

fSi 


Class  Gm  steel  cab. 


as  the  most  advanced  ideas  as  to  the  omission  of  side  sills  and 
the  utilization  of  the  sides  of  the  car  as  plate  girders  to  aid 
in  carrying  the  load.  Undoubtedly  this  fact  has  been  rather 
generally  forgotten,  because  the  Gm  car  did  not  become  a 
widely  used  standard  on  this  road.  The  reason  had  to  do  with 
traflSc  rather  than  construction.  A  self-clearing  car  was 
wanted  in  coal  service,  and  before  the  Pennsylvania  Railroad 
was  ready  with  a  design  of  the  same  sort  for  that  form  of 
car,  the  pressed  steel  car  presented  itself  and  found  ready 
acceptance  in  the  form  of  the  Gl  car,  which  will  be  presented 
in  another  article.  The  Gm  car  weighed  less  than  any  50ton 
cars  which  have  ever  been  built.  Its  cubical  capacity  and 
weight  were  statad  in  the  table  on  page  354. 


of  the  floor  at  the  ends  of  the  car.  Within  these  is  the  draft 
gear. 

The  sides  of  the  car  are  7  ft.  ly-i  ins.  high,  of  14-ln.  plate, 
stiffened  by  pressed  steel  posts  riveted  to  the  plate,  making 
panels  3  ft.  6%  ins.  long.  At  the  top  of  the  sides  and  ends 
the  side  plates  have  an  outward  flange  of  3V4  ins.  to  serve  as  a 
top  chord.  Three  pressed  steel  struts  of  inverted  V  section 
tie  the  side  across  the  car  at  the  top.  The  floor  of  this  car 
rests  directly  on  the  sills. 

The  end  sill  is  a  %-in  plate  of  pressed  steel,  giving  a  plat- 
form 11  ins.  wide  at  each  end  of  the  car.  This  is  not  cut  for 
the  draft  gear  because  of  the  slope  to  the  floor  at  the  ends  of 
the  car.    In  order  to  illustrate  the  interesting  end  construction 
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and  that  of  the  bolster  a  dntail  drawing  has  been  reproduced. 
This  also  shows  the  draft  gear  which  employed  a  single  spring. 
The  Gm  cars  were  mounted  on  the  Vogt  trucks,  having  side 
frames  of  the  diamond  type,  of  pressed  steel. 
(To  be  continued.) 


NEW     LOCOMOTIVE    SHOPS. 
READING,  PA. 


I'liii.ADioLi'iiiA  &  Reading  Rau-wat. 


VIII. 


(Continued  From  Page  358.) 


CAPACITY  OF  THE  GENEBATING  APPABATU8. 


An  important  feature  of  the  problem  of  designing  the  electrl- 
|"n  •■if  cal  equipment  for  the  Reading  locomotive  shops  was  that  of 
choosing  the  total  and  Individual  capacities  of  generator  units 
to  be  used  for  the  electrical  generating  equipment  of  the  power 
plant.  The  applicability  of  the  method  used  for  determining 
their  capacities,  as  well  as  also  the  successful  results  In  opera- 
tion of  the  sizes  chosen,  reflects  very  favorably  upon  those  re- 
sponsible for  the  design. 

The  method  employed  in  determining  the  total  generator 
capacity  was  that  of  making  a  careful  estimate  of  all  the  power 
that  should  be  required  for  the  operation  of  the  shops — the 
result  was  used  as  a  basis  from  which  to  select  the  total  and 
individual  capacities  for  the  generator  units  to  be  installed. 
For  accuracy  this  estimate  was  divided  between  the  constant 
load   and    variable   load   classes   of   power   consumption.     The 
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Class  Gm  Car— Center  Sill,  End  Sill,  Bolster  and  Draft  Gear  Cokstetjction. 


k- 2'2/l ^ J'oi- 

Class  Gm  Steel  Car. 


Mr.  J.  R.  Skinner  has  been  appointed  assistant  superintend- 
ent of  motive  power  of  the  Delaware  &  Hudson,  with  head- 
quarters at  Oneonta,  N.  Y.,  being  promoted  from  the  position  of 
division  master  mechanic  at  that  point. 


constant  load  division  included  all  of  the  power  required  for 
all  classes  of  lighting,  both  arc  and  incandescent,  and  for  all 
motors  operating  fans,  blowers,  pressure  blowers,  pumps  and 
other  classes  of  machinery  which  have  a  constant  load;  due 
allowance  was  also  made  in  this  estimate  for  all  motor,  trans- 
former and  line  losses.  The  variable  load  division  included  all 
motors  operating  machinery  and  tools  whi<h  were  arranged 
to  work  at  varying  loads. 

In  providing  for  the  constant  load  division,  generator  capa- 
city was,  of  course,  allowed  for  the  full  amount  expected;  but 
for  the  variable  load,  generator  capacity  was  provided  for  only 
33  per  cent,  of  the  total  capacity  of  variable-speed  motors 
to  be  connected  up  for  use.  This  factor  of  33  per  cent,  was 
determined  upon  by  Mr.  E.  E.  Brown,  the  Electrical  Engineer 
in  charge  of  the  design,  after  a  very  careful  investigation  of 
the  subject.  The  operating  conditions  met  in  running  vari- 
able-speed motors  at  the  Baldwin  Locomotive  Works,  Philadel- 
phia, Pa.,  and  at  the  works  of  the  General  Electric  Co.,  at 
Schenectady,  N.  Y.,  of  the  New  York  Shipbuilding  Co.,  at 
Camden,  N.  J.,  and  of  the  Westinghouse  Air  Brake  Co.,  at  Wil- 
raerding.  Pa.,  were  carefully  studied  by  him.  with  the  result 
that  factor  of  33  per  cent,  was  chosen.  In  the  above  mentioned 
shops,  the  load  factor  of  variable-speed  motors  varied  from  20 
to  30  per  cent.,  23  per  cent,  being  a  fair  average.  Consider- 
ing the  factor  of  23  per  cent,  to  be  good  practice,  the  factor 
of  33  per  cent.,  which  was  chosen,  allows  a  considerable  mar- 
gin for  growth. 

In  the  first  preliminary  work  of  determining  the  amount 
of  power  to  be  required  in  the  shops,  an  interesting  method  of 
testing  was  resorted  to  in  ascertaining  the  amounts  of  power 
to  be  demanded  by  the  different  tools  in  the  machine  shop, 
in  order  that  the  estimate  of  the  power  to  be  required  in 
this  department  might  be  accurately  formed.  A  50-h.p.  motor, 
with  accurately  calibrated  Weston  measuring  instruments, 
was  taken  through  the  old  shop  for  a  complete  canvass  of  the 
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power  required  by  it  to  drive  every  tool  large  enough  for  in- 
dividual driving.  Also  a  test  was  made  of  one  typical  ma- 
chine tool  of  each  land  and  class,  without  regard  to  the  man- 
ner in  which  it  was  to  be  driven,  in  order  to  determine  the 
power  necessary  to  operate  it,  and  in  cases  where  numbers  of 
the  tools  were  then  grouped  together  in  substantially  the  same 
layout  as  they  would  be  arranged  in  the  new  shop  plan  the 
power  required  to  drive  them  as  a  unit  was  determined  by 
group  driving.  In  each  test  readings  were  taken  of  the  power 
required  by  the  motor  to  operate  the  machines  at  average 
and  maximum  capacities,  and  also  the  power  required  to  drive 
separately:  the  line  shaft,  the  tool  empty,  the  tool  loaded  and 
the  motor  running  free,  the  latter  reading  being  taken  after 
each  of  the  other  tests.  These  tests  established  a  basis  which 
greatly  facilitated  the  accurate  determination  of  the  generator 
capacity  to  be  provided  for  the  machine  tool  department  of  the 
shops. 

SIZES    OF    THE    GENERATING    UNITS. 

As  stated  in  the  previous  article,  in  connection  with  the 
considerations  governing  the  choosing  of  the  type  of  gener- 
ators, it  was  found  after  a  careful  investigation  that  150-K  W 


units,  as  in  such  cases  the  200-K.W.  unit  will  take  its  full 
share  of  the  load,  causing  all  the  units  to  operate  at  their 
maximum  efficiency.  The  200-K.W.  unit  can  also  act  as  a  re- 
serve unit  and,  in  operating  with  an  overload  upon  itself  in 
conjunction  with  two  of  the  larger  units  also  overloaded,  would 
enable  the  station  to  deliver  the  total  capacity  of  1200-K.W.,  in 
case  of  failure  of  a  single  one  of  the  larger  units. 

For  supplying  the  150-K.W.  of  direct  current  required,  which 
was  to  be  transformed  by  rotary-convertors  from  the  two-phase 
alternating  current,  it  was  found  advisable  to  install  two  150- 
K.W,  rotaries.  each  of  which  would  be  capable  of  carrying  the 
full  load.  In  this  way  one  of  the  converters  is  alwavs  in  re- 
serve for  immediate  use  in  case  of  failure  of  the  other,  and, 
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would  have  to  be  supplied  in  the  form  of  direct  current  and 
1.0.50-K.W.  in  the  form  of  two-phase  alternating  current  As 
:t  was  decided  to  generate  the  entire  amount  in  the  form  of 
the  alternating  current,  the  direct  current  to  be  supplied  by 
transformation,  it  was  found  that  the  aggregate  capacity  of 
the  generating  apparatus  would  have  to  be  slightly  over 
1. 200-K.W.  (allowing  for  rotary  transformer  losses  in  generat- 
"ig  the  direct  current.) 

A  careful  study  of  the  nature  of  the  service  to  be  called  for 
■  ■ii  to  the  adoption  of  three  generating  units,  of  400-K  W  ca- 
pacity each,  for  supplying  the  total  of  1200-K.  W  alternating 
-nd  also  it  was  thought  best  to  provide  an  additional  reserve 
'init  of  one-half  the  size  of  the  larger  units,  namely— 200-K  W 
in  order  to  more  economically  take  care  of  the  night  and  holi- 
day loads.  This  made  a  total  generating  capacity  1400-K  W 
Which  is  now  available  in  the  power  plant,  thus  furnishing  an 
ample  margin  for  future  growth. 

The  advantages  of  providing  the  odd  200-K.W  generating 
unit  are  several.  Besides  being  able  to  more  economically 
supply  the  night-lighting  load  for  the  yards,  depots,  etc.,  as 
well  as  for  any  departments  of  the  shop  that  might  be  required 
to  operate  at  night  for  emergency  work,  this  unit  will  also  be 
very  useful  for  operation  together  with  the  large  generators 
when  the  total  output  of  the  station  equals  one  and  one-half 
or  two  and  one-half,  times  the  capacity  of  one  of  the  400-K  w' 
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furthermore,  in  case  of  any  possible  abnormal  demand  for 
direct  current  above  150-K.W.,  both  rotaries  may  be  operated 
in  parallel  and  supply  any  demand  up  to  300-K.W  over  This 
makes  a  very  flexible  and  desirable  arrangement  for  the  direct- 
current  supply. 

METHOD  OF  DRIVING  THE  TOOLS. 

The  considerations  which  led  up  to  the  adoption  of  group 
driving  for  the  operation  of  the  greater  number  of  the  machine 
tools  are  particuladly  important  in  view  of  the  great  interest 
that  IS,  at  present,  being  taken  .in  the  question  of  power  dis- 
tribution  in  machine  shops.  Owing  to  the  nature  of  the  loco- 
motive repair  work,  as  it  had  been  carried  out  at  the  Reading 
shops,  the  tools  in  the  machine  shop  were  what  might  in 
general,  be  classed  as  light  tools,  and  for  this  class  of  tool's  it 
was  considered  that  only  in  special  cases  could  any  advantage 
be  gained  from  individual  motor  driving.  The  individual 
driving  system,  although  having  many  advantages,  offered  the 
disadvantages  of  introducing  a  large  number  of  motors  to  re- 
quire attention  apd  repairs,  high  first-cost,  and  necessarily 
lower  efficiency  of  power-transmission  than  the  larger  motors 
that  would  be  used  for  group  driving. 

There  were  found  cases  where  the  advantages  of  individual 
driving  would  more  than  offset  the  above-mentioned  disad- 
vantages, each  of  which  required  to  be  separately  considered 
by  itself.    But  in  this  installation  the  following  factors  weighed 
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against  the  adoption  of  indiviual  motor-driving  for  all  the 
machine  tools  in  the  shops: 

(a.)  The  tools  were  comparatively  small  in  size  and  each 
was  run  almost  constantly  upon  one  class  of  worlc; 

(b.)  The  cost  of  power  is  very  low  as  a  low-grade  of  coai 
is  used  which  is  obtained  from  mines  owned  by  the  railroad 
company. 

(c.)  No  additional  strength  would  be  required  in  the  struc- 
tural iron  work  to  which  the  line  shaft  would  be  secured,  as  the 
columns  must  necessarily  be  very  heavy  on  account  of  support- 
ing the  locomotive  crane  runways,  so  that  an  excess  strength 
would  be  provided. 

(d.)   In   most   cases   the   tools    were   already   supplied    with 


above  the  floor,  and  furthermore,  the  alternating  current  (con- 
stant-speed) induction  motor  can  be  used — a  motor  of  the 
most  simple  construction,  having  no  sliding  contacts  and  no 
wearing  parts,  except  the  bearings,  and  which  requires,  much 
less  attention  than  the  direct-current  motor;  ".he  induction 
motor  also  permits  a  distribution  voltage  of  fr^^m  400  to  500 
volts,  with  freedom  from  motor  or  wiring  troubles. 

A  careful  consideration  of  the  foregoing  factors  led  to  the 
adoption  of  the  group-drive  method  of  operating  the  greater 
part  of  the  machine  tools  in  the  machine  shop.  In  this  parti- 
cular instance  it  is  interesting  to  note  that,  with  the  induction 
motors  using  no  compensators  and  operating  with  thf  i.i8trl- 
bution  voltage  of  480  volts,  the  saving  in  starting  boxdS,  wlr- 
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countershafts,  belts  and  shifting  rigging,  so  that  the  adoption 
of  individual  driving  would  mean  a  loss  in  this  direction. 

(e.)  In  case  individual  driving  were  used,  the  exposed  posi- 
tions of  the  variable-speed,  direct-current  motors,  that  would 
have  to  be  used,  would  practically  require  the  use  of  a  distri- 
bution voltage  not  higher  than  220  to  250  volts,  iu  order  to 
avoid  motor  and  wiring  troubles;  whereas,  with  group  driving, 
the  motors  and  wiring  can  be  placed  at  a  considerable  height 
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ing  and  number  of  spare  parts  to  be  kept  in  reserve,  as  com- 
pared with  direct-current  motor  and  distribution  at  250  volts, 
fully  compensated  for  tlie  increased  first  cost  of  the  alternating 
current  apparatus,  not  to  seak  of  giving  a  much  simpler  system. 

GROUP  DRIVING. 

The  accompanying  engravings  illustrate  typical  arrangements 
of  group  driving  motors,  and  their  bracket  supports,  as  they 
have  been  installed  for  operating  machinery  in  the  shop  build- 
ings. The  motors  used  for  this  purpose  are  the  two-phase 
induction  motors  (constant-speed),  all  of  which  were  furnished 
by  the  General  Electric  Company,  Schenectady.  N.  Y. 

The  first  two  engravings  illustrate  group  motors  operating 
tools  in  the  machine  shop.  In  this  department,  the  motors 
are  mounted  upon  standard  brackets  fastened  to  the  crane  col- 
umns, from  which  they  drive  by  belts  the  line  shafting  located 
further  up  on  the  columns.  Then,  as  may  be  seen  in  the 
views,  the  countershafts  for  the  machine  tools  are  carried 
upon  framework  supported  upon  long  plate-steel  brackets,  set 
on  the  opposite  side  of  the  columns  from  the  motor-support 
brackets,  from  which  position  they  are  driven  from  the  line 
shaft  with  facility.  In  this  way  all  shafting  and  ttelting  is 
concentrated  along  the  lines  of  crane  columns  separating  the 
machine  shop  bay  from  the  two  outside  erecting  shop  bays,  and 
thus  the  crane  service  is  not  interfered  with  except  directly 
beneath  the  overhanging  countershafting  framework  in  the 
machine  shop  bay. 

The  main   line   shaft  hangers  are  supported   upon   wooden 
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strips  bolted  to  the  lower  sides  of  the  crane  runways,  which 
places  this  stafting  up  entirely  out  of  the  way.  The  line  shaft 
pulleys  which  the  motors  drive  are  in  all  cases  60  ins.  in  dia- 
meter, any  adjustment  of  line  shaft  speed  in  relation  to  the 
motor  speed  being  made  by  changing  the  motor's  pulley.  The 
line  shafting  is  practically  continuous  along  the  length  of  the 
shop,  but  is  easily  broken  up  into  groups  as  there  are  shaft 
couplings  at  each  crane  column;  in  this  way  if  one  group  motor 
becomes  overloaded,  a  section  of  its  line  shaft  may  be  uncoupled 
from  it  and  coupled  onto  the  group  next  to  it  on  either  side. 
The  effort  has  been  to  locate  the  group  motors  as  near  as  pos- 
sible to  the  centers  of  their  distribution  of  driving.  The  larg- 
est group  drive  embraces  180  ft.  of  line  shaft. 


The  countershafting  framework  is  built  up  of  I-beams  sup- 
ported upon  the  plate  brackets  projecting  into  the  machine  bay 
as  shown.  The  details  of  attachment  to  the  columns,  as  well  as 
the  details  of  the  standard  cast-iron  motor  bracket  are  shown 
in  the  drawings  reproduced.  Where  motor  and  countershaft 
brackets  are  located  on  opposite  sides  of  the  same  column,  ad- 
ditional strength  is  given  them  by  tying  together  by  through 
plates  on  top.  In  all  the  hangers  for  shafting  the  Hyatt  roller 
bearings  are  used  which  reduces  the  friction  to  a  minimum; 
in  fact,  the  shafting  can  easily  be  turned  by  hand. 

We  are  greatly  indebted  to  Mr.  B.  E.  Brown,  electrical  en- 
gineer for  the  Philadelphia  &  Reading  Ry.,  for  this  interesting 
information. 


WHAT  MOTIVE   POWER   OFFICERS   ARE   THINKING 
ABOUT. 


EDITOBIAL  COERESPONDENCE. 


Apprenticeship  continues  to  be  an  interesting  subject  among 
motive  power  men.  Whether  or  not  the  editorial  treatment 
of  the  subject  in  this  journal  has  increased  the  interest  in  it  is 
not  important,  but  something  has  evidently  set  people  to 
thinking  about  it. 

One  superintendent  of  motive  power  expressed  the  opinion 
that  courses  of  apprenticeship  for  college  men  are  wrong  in 
principle  and  ineffective.  He  has  decided  to  offer  college  grad- 
uates places  as  helpers  in  the  roundhouse  instead  of  starting 
them  in  the  shop.  He  reasons  that  they  should  not  consider 
the  railroad  work  as  a  school  in  any  sense,  but  that  they 
should  be  placed  at  once  where  they  become  a  part  of  the 
organization  and  where  they  can  do  work  for  which  their 
training  fits  them.  Furthermore,  he  would  have  them  take 
the  hardest  and  most  distasteful  work  first.  The  roundhous* 
he  considers  the  weakest  part  of  the  motive  power  organiza- 
tion. It  is  also  one  of  the  most  important  parts  and  on* 
which  cannot  be  understood  by  observation.  To  a  greater 
extent  shop  practice  has  been  reduced  to  routine  and  its 
principles  may  be  obtained  by  observation  combined  with 
experience.  A  good  roundhouse  man  is  often  a  good  shop 
man,  but  it  is  not  so  often  that  a  good  shop  man  is  good  in 
the  roundhouse,  where  every  hour  has  its  emergency  and 
where  very  little  system  can  be  employed.  The  roundhouse 
offers  many  opportunities  for  intelligence,  and  it  is  here 
that  a  thoughtful,  earnest  young  man  can  best  obtain  experi- 
ence and  gain  confidence  as  well  as  show  his  capabilities. 
This  officer  has  tried  this  plan  and  his  roundhouse  foremen 
say  that  they  cannot  do  without  these  young  men  when  they 
have  once  had  them.  In  connection  with  the  roundhouse  th« 
boys  naturally  find  themselves  fitting  into  places  of  real 
importance  in  times  of  business  stress.  They  study  failures 
and  learn  to  appreciate  the  meaning  of  the  forces  with  which 
they  must  deal.  At  the  roundhouse  they  get  a  view  of  the 
relations  between  the  locomotive  and  the  operating  depart- 
ment. On  this  road  the  college  men  are  paid  the  wages  of 
helpers  and  are  engaged  exactly  as  other  helpers  are  en- 
gaged. They  have  no  privileges  and  no  promises,  but  are  nat- 
urally employed  from  time  to  time  in  special  investigations 
and  tests.  In  this  work  they  are  given  responsible  charge 
and  are  assisted  by  the  regular  shop  apprentices.  This  Is 
done  In  order  to  encourage  the  regulars  to  study  and  to 
become  ambitious  to  make  the  best  use  of  their  opportunities. 
The  college  boys  are  given  to  understand  that  they  are  put 
where  they  will  be  of  the  most  value  to  their  employers  and 
that  they  must  be  promoted,  if  at  all,  because  of  their  value 
and  their  ability  to  take  up  more  important  work.  This 
officer  does  not  consider  shop  experience  unnecessary;  he 
would  have  the  boys  spend  time  in  the  shops,  but  not  until 
after  they  have  considerable  knowledge  and  experience  with 
the  locomotive.  His  views  are  printed  without  comment. 
These  opinions  must  be  considered  significant  of  a  careful 
study  of  the  apprentice  problem  and  there  can  be  no  more 
important  subject  before  railroad  men. 


Discussion  of  labor  troubles  is  usually  approached  in  hushed 
tones  and  with  furtive  glances.  That  there  is  good  reason 
for  this  must  be  apparent  to  anyone  who  talks  with  any 
employer  of  men,  and  particularly  one  who  sounds  the  views 
of  a  large  number  of  railroad  officials.  The  labor  problem  on 
railroads  is  particularly  difficult,  and  is  likely  to  become 
very  much  more  so.  Without  assuming  to  offer  any  more 
or  less  wise  solution,  a  note  of  warning  can  and  should  be 
sounded  where  it  will  be  heard.  The  labor  problem  is  one 
requiring  the  utmost  knowledge  of  men,  complete  under- 
standing of  their  work  and  Its  conditions  and  their  environ- 
ment; positive  information  as  to  what  may  be  properly 
expected  of  them,  combined  with  consummate  tact  and  up- 
right dealing.  The  warning  needed  is  against  a  flippant  and 
shallow  view  of  the  situation.  Those  who  appreciate  the 
labor  problem  have  no  difficulty  with  it.  The  flippant  view 
la  exhibited  by  officers  who  boast  of  their  victories — and  there 
are  many  who  do  this — and  also  sometimes  by  managements 
and  highest  executive  officers.  The  latter  have  shown  It  to 
our  representative  by  an  apparent  disregard  of  the  funda- 
mental necessity  of  establishing  a  definite  and  logical  policy 
with  reference  to  the  management  of  their  subordinates.  To 
build  up  a  satisfactory  condition  of  a  large  number  of  em- 
ployees requires  time  and  confldence  born  of  a  long  period 
of  just  and  fair  treatment,  yet  we  find  a  railroad  president 
calmly  discussing  radical  changes  in  administration  and  per- 
sonnel which,  if  enacted,  will  upset  the  labor  of  years  and 
create  a  state  of  unrest  and  uncertainty  which  will  easily 
lead  to  disturbances.  A  well-balanced,  confidence-inspiring  and 
broad-minded  policy  for  dealing  with  men  was  never  so 
greatly  needed  as  it  is  now.  For  the  proper  treatment  of  this 
matter  experienced,  clear-headed  and  able  officers  are  needed, 
men  who  have  studied  the  past  and  understand  the  ten- 
dencies enough  to  know  what  can  be  done  and  what  cannot 
be  done  with  labor.  Railroads  need  a  warning  because  they 
are  not  sufficiently  careful  to  consider  these  things  In  their 
preparation  of  young  men  for  important  positions  and  In  their 
estimate  of  the  value  of  older  men  who  have  served  faithfully 
and  long. 

An  immense  artificial  cascade  has  been  determined  upon  by 
the  authorities  of  the  Louisiana  Purchase  Exposition  as  the 
centerpiece  of  the  semi-circular  lay-out  of  the  principal  build- 
ings. The  cascade  itself  will  be  divided  into  three  parts:  a 
large,  middle  cascade  with  a  smaller  one  at  each  side,  the 
water  flowing  directly  into  the  head  of  the  grand  basin.  In 
all,  about  90,000  gals,  of  water  per  minute  will  be  supplied  at 
a  head  of  159  ft.,  forming  the  greatest  artificial  water  effect 
ever  attempted.  The  water  will  be  taken  from  the  grand  basin 
itself  and  will  be  raised  to  the  top  of  the  cascade  by  a  pumping 
station  located  under  festival  hall.  The  pumping  machinery 
will  consist  of  three  36-in.  single-stage  turbine  centrifugal 
pumps,  purchased  from  Henry  R.  Worthington,  of  New  York 
City,  each  driven  by  a  2,000-h.p.  Westinghouse  alternating  cur- 
rent motor.  The  total  horse-power  utilized  will  thus  be  6,000, 
making  this  the  largest  electric  pumping  station  in  the  world. 
'iiie  pumps  and  other  pieces  of  machinery  for  this  plant  are 
now  being  installed  at  St.  Louis. 
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Mr.  Herbert  P.  Moore,  mechanical  engineer,  has  resigned  as  in- 
structor in  machine  de.sign  at  Cornell  University  to  accept  a  posi- 
tion as  mechanical  engineer  at  Kiehle  I'.ros.  Testing  Machine  Com- 
pany, 1424  North  Ninth  street,  Philadelphia. 


NEW  STEEL  CARS  ON  THE  BURLINGTON. 


Mr.  Stephen  P.  Sullivan,  sale.s  agent  for  the  Ewald  Iron  Com- 
pany at  Chicago,  has  been  appointed  general  sales  agent  for  that 
company,  with  headquarters  in  that  city. 


100,000    LBS.   CAPACITY. 

The  first  order  of  steel  cars  for  this  system  Is  now  being  built 
by  the  Cambria  Steel  Company  for  the  Chicago,  Burlington  ft 
Quincy,  and  the  number  Is  to  be  1,000.  The  following  table 
presents  the  leading  dimensions : 

Capacity    100,000   Ibg. 

Length  over  end  Bills 41  (t.  8  las. 

Length  Inside    40   ft. 

Width  over  all  10  ft.  ^4  Id. 

Width  Inside   9  ft.   6  Ins. 

Height  of  box,  Inside 4  ft.  3Vi  ln». 

Height  over  sides   8  ft.   >4   Is. 

Height  over  staff 8  ft.  6V4  Inn. 

Distance,  truck  centers 29  ft.  8  Ins. 

Wheel  base,  trucks   5  ft.  2  Ins. 

Cubical  capacity   1,615  sq.   ft. 

These  cars  have  no  side  sills,  the  sides  being 
stiffened,  in  3  ft.  10%  in.  panels,  with  angles 
and  surmounted  by  coping  angles.  The  center- 
sills  are  15  in.,  33  lb.  channels,  which  are  con- 
tinuous from  end  to  end  and  these  receive  the 
draft  attachments.  With  cover-plates,  top  and 
bottom,  the  center  sills  form  a  box  girder  as  far 
as  the  bolsters.  Opposite  all  the  panel  points 
in  the  sides,  cross  bearers  of  8  in.  11%  lb.  chan- 
nels pass  across  under  the  floor  from  the  sides 
to  the  center  sills,  to  which  they  are  secured  by 
angle  connections. 

The  bolsters  are  built  up  of  riveted  plate  con- 
struction with  cover  plates  reaching  to  the  side 
bearings.  In  the  engravings  the  sizes  of  all  the 
angles  and  the  thickness  of  floor  and  side  plates 
are  given.  At  every  alternate  panel  point  the 
center  sill  channels  are  braced  by  a  short  sec- 
tion of  channels  riveted  between  them.  Light 
corner  bracing  is  provided  in  the  form  of 
3  X  2  X  Vt  in.  angles  at  the  corners  of  the  car. 

These  cars  have  the  Caswell  drop,  doors,  eight 
on  each  side.  By  means  of  these  16  doors,  each 
3  ft.  2%  in.  X  3  ft.  2  in.,  the  entire  floor,  be- 
tween the  bolsters,  except  over  the  center  sill, 
may  be  dropped  to  discharge  the  load.  A  wind- 
ing shaft  extends  along  each  side  of  the  car, 
from  bolster  to  bolster,  and  the  doors  are  oper- 
ated by  chains.  The  doors  close  against  the 
sides  of  the  car,  being  hinged  at  their  Inner 
edges,  toward  the  center  sills.  These  cars  are 
similar  in  size  to  composite  cars  of  the  same 
type  and  using  the  same  door  arrangement, 
which  were  built  for  this  road  by  the  Standard 
Steel  Car  Company.  All  of  them  are  equipped 
with  friction  draft  gear  divided  between  the 
Miner  and  Westinghouse  types. 
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PAINT    SHOP    LOOKING    NORTH    AND    SHOWINO    ENDS    OF   THE  OTHER  LARGE  BUILDINGS. 


NEW    LOCOMOTIVE    AND    CAR    SHOPS. 


COLLINWOOD,  OHIO. 


Lake  Shore  &  Michigan   Southern  Railway. 


XIL 


general  plan  of  the  car  shops  and  yard. 


These  car  shops  are  specially  interesting  for  their  conveni- 
ence and  complete  appointments  rather  than  for  size,  yet  they 
are  not  small  in  size  as  they  will  maintain  all  of  the  passen- 
ger equipment  cars  of  the  Lake  Shore  proper,  and  a  large 
proportion  of  freight  equipment,  including  steel  cars.  Ac- 
cording to  Mr.  George  N.  Dow,  master  car  builder,  in  charge 
at  Collinwood,  the  shops  will  at  once  turn  out  60  coaches  per 
month.  These  will  include  varnishing  and  the  annual  over- 
hauling of  from  50  to  55  cars  per  month,  and  complete  repairs 
to  from  5  to  10  cars.  When  running  at  full  capacity  the  out- 
put will  be  from  75  to  90  cars  per  month,  or  540  cars  in  nine 
months.  When  new  equipment  is  needed  6  or  8  baggage  cars 
may  be  built  per  month,  and  from  15  to  20  cabooses.  Cabooses 
will  come  in  once  in  two  years  for  general  repairs  and  from  15 
to  20  will  be  handled  per  month.  Four  steel  cars  per  day 
will  be  the  capacity  tor  that  equipment  at  present,  and  of 
ordinary  freight  cars  69  are  now  handled  per  day.  This 
capacity  will  soon  be  increased  to  100  per  day.  For  all  of 
this  work  480  men  are  now  employed,  and  the  ultimate 
capacity  of  the  plant  will  require  about  550.  Besides  the 
general  repairs,  all  wheel  work  at  Collinwood,  except  on 
driving  wheels,  will  be  done  in  the  car  shops,  the  capacity 
being  500  pairs  of  wheels  per  month.  The  locomotive  wood- 
work and  painting  is  also  handled  by  the  car  department.  In 
the  paint  shop  60  coaches  will  be  turned  out  per  month,  with 
a  capacity  of  thirty  on  the  paint-shop  tracks.  For  repair- 
ing steel  cars  9  cars  will  be  provided  for  in  the  shop,  and  light 
repairs  will  be  made  on  the  outside  tracks. 

A  remarkable  record  was  made  in  moving  into  these  shops 
from  the  old  plant  in  Cleveland.  The  old  plant  was  closed 
Saturday,  August  29,  and  the  new  shops  opened  at  7  A.  M.  on 
Monday,  August,  31.  A  train  of  16  coaches  carried  the  tools 
of  the  men,  and  the  last  of  the  material  was  loaded  on  87  cars 
in  the  two  days  prior  to  the  closing  of  the  old  shop.  The 
entire  transfer  constituted  423  carloads,  of  which  365  cars 
were  loaded  in  five  days  by  the  men  of  this  department, 
under  the  energetic  direction  of  Mr.  Dow. 

On  page  304  of  our  October  number  of  last  year  a  table  of 
areas  and  other  comparative  dimensions  of  the  car  shops  was 
given,  but  as  these  figures  have  been  somewhat  changed  as 
the  work  progressed,  a  revised  statement  is  now  necessary. 
The  plan  of  tracks  and  the  smaller  buildings  have  also  been 
changed  in  some  respects,  which  necessitates  the  presentation 
of  the  ground  plan  In  revised  form.      In  accordance  with  the 


purpose  of  presenting  this  plant  accurately,  the  car-shop  plans 
are  brought  down  to  date  in  the  accompanying  engravings. 

FLOOR    AREAS    OF    CAS    SHOP    BUILDINGS. 

Sq.  Ft. 

Passenger  coach  repair  shop   (335  x  100) 33.500 

Passenger  coach  paint  shop    (335  x  160) 53.600 

Cabinet  shop    (125  i  80)    10,000 

Total  passenger  coach  shop 97,100 

Frelghtcar  repair  shop    (255   x   125) 31,875 

Wood  mill    (300  x   70)    21,000 

Car  department  machine  shop    (120  x  80) 9,600 

Paint  and  oil  storage    (70  x  40)    2.800 

Upholstery,  pipe  and  tin,  cleaning  and  drying  and  brass  fur- 
nishing   (100  X  80)    8.000 

Varnishing  and  cleaning  (160  x  60)    9,600 

Percentages  of  total  passenger  shops    97,100 

Passenger  paint  shop    55.2% 

Passenger   repair  shop    34.5% 

Cabinet    shop     10.3% 

100.0% 

Upholstery,  pipe.  tin.  cleaning,  drying  and  brass  flnisblDg  sec- 
tion in  per  cent,  of  total  passenger  shop 23.9% 

Varnishing  and  cleaning  sections  in  per  cent,  ol  total  passenger 

coach  paint  shop    17.9% 

DISTANCES     OF     TRAVEL     BETWEEN     CENTERS     OF     SHOP     DEPARTMENTS. 

Passenger  coach  repair  shop  to  cabinet  shop =  320  ft. 

Passenger  coach  repair  shop  to  wood  mill =  650  ft. 

Passenger  coach  repair  shop  to  car  machine  shop =  840  ft. 

Passenger  coach  repair  shop  to  blacksmith  shop =  740  ft. 

Passenger  coach  repair  shop  to  mounted  wheel  storage    =  1.175  ft. 

Passenger  coach  repair  shop   to   storehouse =  395  ft. 

Passenger  coach  repair  shop  to  paint  shop =  240  ft. 

Freight  car  repair  shop  to  wood  mill =  500  ft. 

Freight  car  repair  shop  to  cabinet   shop =  170  ft. 

Freight  car  repair  shop  to  car  machine  shop —  690  ft. 

Freight   car  repair  shop  to   blacksmith   shop =  590  ft. 

Freight  car  repair  shop   to  mounted  wheel   storage =  1,025  ft. 

Freight  car  repair  shop  to  storehouse ^  710  ft. 

Freight  car  repair  shop  to  freight  repair  stores =  405  ft. 

Freight  car  repair  shop  to  paint  and  oil  storage =  810  ft. 

Wood  mill  to  passenger  coach  repair  shop =  650  ft. 

Wood  mill   to  cabinet  shop —  335  ft. 

Wood  mill  to  freight  car  repair  shop —  500  ft. 

Wood  mill  to  dry  kiln =  *00  ft. 

Wood  mill  to  dry  lumber  shed —  ""oO  ft. 

In  the  plan  the  location  of  the  car-department  machine  shop 
at  the  end  of  the  blacksmith  shop  will  be  noted.  This  places 
the  machine,  as  well  as  blacksmith  work  for  the  car-repair 
yards,  as  well  as  the  car-shop  buildings,  within  easy  communi- 
cation with  all  of  the  work. 

The  passenger-car  paint  shop  is  exclusively  for  the  use  of 
painters,  and  no  repair  work  whatever  is  to  be  done  here. 
This  rule  is  not  everywhere  followed,  but  it  should  be  observed. 
in  order  to  avoid  dust  in  the  shop.  The  intended  capacity,  when 
worked  at  its  limit,  will  be  75  per  month.  The  drying  of  paint 
and  varnish  will  be  accelerated  by  the  fan  system  of  ventila- 
tion and  heating.  In  order  to  return  the  air  to  the  heating 
system  from  the  entire  shop,  the  return-ducts  are  placed  under 
the  floor,  and  the  openings  are  covered  by  registers.  The  heat- 
ing system  is  guaranteed  to  heat  the  building  to  60  degs.  in 
zero  weather.  There  are  15  tracks,  long  enough  for  two  cars 
each.  The  floor  is  of  concrete  on  cinders  and  topped  with  a 
special  composition  made  by  the  Granitoid  Company  of  Cin- 
cinnati for  the  prevention  of  abrasion  and  the  raising  of  dust. 
A  slope  of  3  ins.  between  tracks  is  provided,  and  a  gutter  with 
a  grating  runs  the  full  length  of  the  tracks  to  catch  the  water 
dripping  from  the  ears  in  cleaning.     For  holding  the  ia«h  and 
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blinds  special  racks  have  been  designed.  These  and  other 
details,  such  as  the  post  tubs  for  use  in  washing  cars,  will  be 
illustrated  later.  The  car-shop  buildings  are  fitted  with  in- 
candescent lamps  between  the  tracks  and  arc  lamps  over  the 
tracks.  The  daylight  lighting  is  unusually  good,  as  will 
appear  in  the  description  of  the  construction  of  the  buildings 
next  month.  This  part  of  the  design  of  the  buildings  has  re- 
ceived an  unusual  amount  of  careful  attention. 

At  the  north  end  of  the  freight-car  repair  shop  a  space  is 
reserved  for  the  cabinet  shop,  and  it  is  understood  that  these 
spaces  in  the  ends  of  these  buildings  may  be  used  later  for 
extensions,  and  the  small  departments  provided  for  elsewhere, 
when  the  space  may  be  required.  Each  track  in  this  shop 
holds  three  cars.  Three  shop  tracks  will  be  used  for  steel  cars 
and  the  remainder  for  heavy  repairs  to  wooden  cars.  At  the 
south  end  three  tracks  will  be  used  for  caboose  cars. 

The  air  and  steam  hose  for  all  cars  on  the  Lake  Shore  road 
is  supplied  from  the  Collinwood  storehouse,  and  it  is  all  fitted 
up  and  tested  at  this  plant.  In  the  material  supply  building 
in  the  freight  repair  yard  the  triple  valve  testing  eqiupment 
has  been  installed  and  the  fitting  up  of  air  and  steam  hose  is 
done  here. 

In  the  passenger  repair  shop  each  track  provides  for  a  single 
car  only.  At  the  north  end  three  tracks  are  used  for  truck 
work  only,  and  these  are  provided  with  cranes  and  air  hoists 
for  handling  steel  trucks.  The  remainder  of  the  shop  ii 
occupied  with  heavy  repairs,  and  at  the  south  end  15  cabooses 
are  now  in  process  of  building.      For  testing  purposes  this 


shop  is  fitted  with  steam,  water  and  air  connections,  and  all 
cars  will  be  thoroughly  tested  in  all  three  ways.  The  steam- 
heater  pipes,  air-brake  system  and  water-raising  equipment 
are  tested  on  the  cars  before  they  leave  this  building. 

In  the  freight-car  repair  yard  the  repairers'  shed  is  con- 
veniently located,  and  for  the  convenience  of  the  men  the 
entire  yard  is  piped  for  air,  with  connection  boxes  located  as 
indicated  in  the  plan.  All  of  the  piping,  including  the  heating 
system  and  returns  for  the  repairers'  shed,  is  laid  in  trench- 
ing, with  expansion  loops  placed  250  ft.  apart.  Near  the  end 
of  the  passenger-car  paint  shop  is  the  storage  space  for 
mounted  wheels,  and  close  at  hand  is  a  drop-pit  for  use  on 
cars  which  are  not  taken  into  the  shop.  This  is  operated  by 
air-jaclv3  and  is  a  great  convenience.  For  the  convenience 
of  the  men  about  half  of  the  repair  yard  has  been  completely 
planked  over,  which  is  an  unusual  provision  and  one  which 
contributes  greatly  to  the  easy  movement  of  material. 

Electric  lights  are  distributed  all  over  the  repair  yard,  so 
that  work  may  be  pushed  at  night  as  well  as  day  if  necessary. 
A  feature  of  the  track  arrangement  is  the  provision  of  a  receiv- 
ing and  delivering  track  for  coaches. 

At  the  east  end  of  the  yard  is  the  lumber  storage,  which  is 
served  by  special  tracks,  over  which  a  Garry  pneumatic  un- 
loader  travels  and  greatly  reduces  the  amount  of  labor  in 
handling  lumber.  This  machine  is  served  by  a  pipe  line  laid 
along  the  main  tracks  and  provided  with  hose  connections 
50  ft.  apart.  The  plant  also  has  a  10-ton  Brown  locomotive 
crane  for  handling  heavy  material  and  trucks. 


THE  APPLICATION    OF  INDIVIDUAL   MOTOR    DRIVES 
TO  OLD  MACHINE  TOOLS. 


McKees  Rocks  Shops. — Pittsburg  &  Lake  Erie  Railroad. 


BY  B.  V  WRIGHT,   MECHANICAL  ENGINEER. 


IV. 


In  locating  the  controller  for  a  motor  drive  upon  a  machine 
tool,  care  must  be  taken  to  place  it  in  as  convenient  a  position 
for  the  operator  as  is  passible.  If  this  is  not  done  a  certain 
amount  of  time  will  be  lost  in  making  necessary  speed  changes, 
and  it  is  possible  that  the  operator,  rather  than  inconvenience 
himself,  especially  if  not  working  by  the  piece-work  system, 
will  not  take  full  advantage  of  the  opportunities  presented  by 
the  close  speed  regulation  available  with  the  variable-speed 
motor. 

On  an  engine  lathe  the  most  convenient  position  for  the 
controller  handle  for  operating  the  motor  is,  of  course,  upon 
the  tool  carriage,  or  apron,  although  it  is  not  possible  to  locate 
the  controller  itself  in  that  position  on  account  of  its  large 
size;  and,  even  if  it  could  be  so  placed,  the  question  of  taking 
care  of  the  wires,  which  must  be  attached  to  it  to  connect 
with  switches,  motor,  etc.,  would  be  troublesome  on  account  of 
the  necessary  traveling  back  and  forth  of  the  carriage.  The 
usual  practice  is  to  place  the  controller  at  some  point  which 
is  out  of  the  way  and  arrange  a  connection  to  the  controller 
handle  on  the  lathe's  apron  by  means  of  a  spline  shaft  and 
one  or  two  sets  of  bevel  gears.  This  is  the  method  that  was 
used  in  the  applications  of  motor  driving  to  the  old  lathes  at 
the  McKees  Rocks  shops,  several  examples  of  which  are  here- 
with illustrated. 

Fig.  18  shows  such  a  controller  application  to  an  old  42-in. 


Niles  engine  lathe.  The  controller  is  in  this  case  bolted  firmly 
to  the  side  of  the  lathe  bed  and  the  spline  shaft  is  connected 
directly  to  the  controller  shaft  by  means  of  a  special  double 
wrought-iron  collar,  as  shown  in  the  accompanying  detail  sketch. 
A  simple  cast-iron  bracket  is  used  to  provide  bearings  for  the 
vertical  shaft  which  carries  the  controller  wheel,  and  also  for 
the  spline  shaft.  On  account  of  the  distance  which  the  apron 
projects  out  from  the  lathe  bed  the  controller  could  be  applied, 
as  shown,  with  the  use  of  only  one  set  of  bevel  gears,  which  is, 
of  course,  a  distinct  advantage,  since  additional  gears  Increase 
the  friction  and  add  to  the  lost  motion. 

At  times  in  the  operation  of  a  lathe,  it  is  necessary  for  the 
workman  to  stop  the  spindle  suddenly  as  the  tool  approaches 
a  certain  point.  In  such  a  case  he  must,  of  course,  watch  his 
work  closely  and  will  not  be  able  to  give  much  attention  to 
the  controller.  If,  in  stopping  the  motor,  the  controller  wheel 
is  turned  backward  too  far  the  motion  of  the  spindle  and  tool 
will  be  reversed.  To  guard  against  this  the  upright  handle  is 
placed  upon  the  rim  of  the  controller  wheel,  as  shown.    This 


rh 

-V4 — >'-<-H'- 

n 

yi  Set  Screws 

9 

1-  m 

^^^V^ 

/     , 

A 

t 

\      i    (( 

] 

' IH- 

-> 

< — 1^^ 

\  V 

^) 

Keyw»y 
!!  Keyway 


DETAILS  OF  DOUBLE-WROUGHT  IRON  COLLAR  FOR  CONNECTING  SPLINED 
CONTROLLER  ROD  TO  CONTROLLER. 


][  Operator's  Controller---"^ 


HeadstockEnd  \ 


Carriajie 


Special  Bracket 


V^^-jU^'     Wheel  and  Handle  C 


Apron 
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—^  '  ^B?C)r  Details  of  tliis  Collar  Coupling,  see  detail  Engraving: 
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FIQ.    18 COMPACT  ARRANGEMENT  OF   MOTOR  CONTROLLER    (OROOKER-WHEELEB   MULTIPLE-VOLTAOE    SYSTEM)     UPON    THE    42-INOH    NILES     LATHE. 
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projecting  handle  will  always  be  in  the  same  relative  position 
when  the  motor  is  at  rest,  so  that  the  operator  will,  with  a 
little  practice,  be  able  to  stop  quicltly  at  a  given  point.  If  the 
controller  is  so  placed  that  the  operator  cannot  see  the  dial 
on  the  end  (which  indicates  the  motor  speed  for  each  position 
of  the  handle)  while  using  the  handle  on  the  apron,  a  set  of 
figures  can  be  stamped  on  the  wheel  and  a  pointer  placed  on 
the  carriage  or  apron,  near  the  edge  of  the  wheel,  and  so  that 
it  will  not  interfere  with  the  handling  of  the  wheel. 

Fig.  19  shows  another  controller  application  to  a  smaller 
lathe.    The  spline  shaft,  in  order  to  pass  behind  the  apron  and 


Last  month  a  demonstration  of  the  posBlblllties  of  modern 
passenger  transportation  was  made  in  moving  the  Dowie  cru- 
saders from  Chicago  to  New  York.  Forty-one  coaches  and  20 
sleeping  cars  were  required  for  the  host.  They  were  handled 
in  eight  trains  on  eight  different  railroads  at  a  cost  of  $40,000. 
They  were  all  loaded  at  one  point  near  Chicago  and  proceeded 
to  New  YorI{  in  perfect  order  and  without  delays  or  accidents. 


A   10,000-h.p.    steam    turbine,   according  to   Engineering,   of 
London,   is   being   constructed   by   Messrs.   Brown,   Boverl   & 
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FIG.    19. — AKRANGEMENT  OF  MOTOR  CONTROLLER    (CROCKER-WHEELEB)    UPON   THE   FLOOR   FOB   USE   WITH   A   SMALL  REED   LATHE. 


be  out  of  the  way,  must  be  carried  close  to  the  bed.  In  this 
case  the  controller  is  arranged  to  stand  on  its  end  on  the 
floor,  and  is  well  braced  so  that  it  is  rigid.  It  stands  partly 
under  the  bed  beneath  the  headstock  and  is  thus  out  of  the 
way.  The  objection  to  this  arrangement  is  that  oil  and 
meinl  cuttings  will  fall  upon  it,  but  the  controller  can  be  pro- 
tected from  this  at  a  small  expense  by  placing  a  sheet-iron 
guard  over  it 

The  handle  Is  placed  at  the  lower  right-hand  corner  of  the 
apron  because  it  is  about  the  only  point  where  it  would  not 


Headstoek. 


Co.,  of  Baden,  Switzerland,  for  service  in  Frankfort,  Germany, 
with  a  guarantee  of  a  steam  consumption  of  15.4  lbs.  of  steam 
per  kw.  hour,  which  is  claimed  to  be  equivalent  to  8.8  lbs.  of 
steam  per  Indicated  h.p.  hour.  This  is  the  largest  steam  tur- 
bine unit  thus  far  attempted. 


A  perfect  balance  of  anything  is  difficult  to  obtain.     This 
is  particularly  true  of  new  shops.    There  may  be  Bald  to  be 


FIG.    20. — THE    MOST    CONVENIENT    AEEANGEMENT    FOB    THE    MOTOB   CONTROLLER CONTROLLER  BOLTED  TO  END  OF  LATHE  BED. 


be  in  the  way  or  Interfere  with  other  parts.    It  is  not  too  low, 
however,  for  convenience. 

Fig.  20  shows  still  another  controller  application  to  an  old 
lathe.  The  controller  is  here  bolted  firmly  to  the  rear  end 
of  the  lathe  bed.  At  this  point  it  is  entirely  out  of  the  way, 
and  furthermore.  Is  not  open  to  the  objection  cited  against  the 
arrangement  shown  in  PMg.  19 — it  is  located  where  no  chips 
are  liable  to  fall  and  is  not  liable  to  injury.  This  la  undoubt- 
edly the  best  possible  arrangement  for  a  controller  for  use 
upon  a  lathe  and  is  to  be  recommended  wherever  possible. 
{To  6e  continued.) 


four  chief  factors  in  a  complete  shop  plant,  viz.,  buildlnga, 
equipment,  personnel  and  management.  Any  lack  In  one  of 
these  affects  the  usefulness  and  efficiency  of  all  of  the  others. 
In  these  days  of  improved  buildings  and  machinery  It  is 
necessary  that  the  importance  of  the  other  two  factors  should 
not  be  forgotten.  Railroad  shops  are  growing  In  a  remark- 
able way.  The  officers  in  charge  of  them  should  have  every 
encouragement  to  put  them  upon  the  plane  of  the  most  »&- 
cient  manufacturing  establishments  and  to  obtain  the  perfect 
balance  of  the  four  factors  mentioned.  To  be  succeesfnl  this 
must  be  done. 
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At  the  Master  Mechanics'  and  Master  Car  Builders'  conven- 
tions, held  in  Saratoga  last  June,  the  railroad  friends  of  Mr. 
G,  M.  Basford,  editor  of  this  journal,  entirely  without  my 
knowledge,  quietly  developed  a  plan,  to  surprise  him  with  an 
opportunity  for  a  trip  to  Europe.  The  suggestion  originated 
with  Mr.  W.  S.  Morris,  of  the  Erie  Railroad,  and,  without 
attempting  to  include  more  than  a  few  of  Mr.  Basford's  close 
personal  friends,  fifty-eight  responded,  and  the  list  includes 
the  names  of  the  men  who  are  best  known  in  connection  with 
railroad  matters  in  the  country.  By  a  carefully  conducted 
correspondence,  Mr.  C.  A.  Seley,  of  the  Rock  Island,  brought 
the  plans  to  conclusion  October  7,  when  Mr.  Basford  was  in- 
vited to  a  lunch  at  the  Lawyers'  Club  in  New  York  City,  where 
he  met  a  committee  consisting  of  Messrs.  W.  S.  Morris,  J.  F. 
Deems,  C.  A.  Seley,  L.  R.  Pomeroy  and  myself.  Mr.  Morris 
presented  Mr.  Basford  with  personal  letters  from  all  concerned, 
handsomely  bound,  and  also  a  substantial  check  sufficient  for 
a  two-months'  trip  abroad.  The  first  letter,  which  was  signed 
by  the  entire  number,  reads  as  follows: 

"To  Mr.  Basford: 

"Your  friends  in  railroad  circles  cannot  find  time  to  go  across 
the  water  and  study  the  late  developments  in  locomotive  prac- 
tice. We  therefore  delegate  you  to  do  the  work  and  tell  us 
all  about  it  in  the  columns  of  your  valuable  paper.  We  hope 
the  execution  of  this  commission,  together  with  the  ocean  trip, 
will  be  pleasant  and  mutually  profitable.  With  our  best  wishes 
accompanying  you,  and  hoping  that  the  trip  may  give  you  a 
full  return  of  health  and  strength,  we  are 

"Very  sincerely  your  friends." 

The  intent  of  the  plan  is  best  expressed  in  the  presentation 
by  Mr.  Morris,  wh'ch  was  made  in  the  following  words: 

"Mr.  Basford: 

"The  gentlemen  around  you  are  not  only  your  personal 
friends,  but  they  ai'e  here  to  represent  a  host  of  admirers, 
whom  you  can  with  pride  claim  also  as  friends.  We  are  here 
to  tender  not  only  our  admiration  of  the  efforts  God  has  in- 
fused within  your  character  and  ambition,  but  to  thank  you 
in  behalf  of  the  many  who  have  been  instructed  and  benefited 
by  your  industry  and  faithfulness  to  the  science  through 
which  we  all  claim  kin  to  one  another. 

"In  all  probability  this  is  the  first  time  in  the  history  of 
this  generation,  at  least,  that  one  has  been  so  honored  by 
the  mechanical  fraternity  of  this  country,  and  we  assure  you 
it  is  extended  with  every  thought  of  true  manliness  and  abso- 
lute worthiness  on  the  part  of  him  to  whom  these  words  are 
addressed. 

"To  be  plain,  Mr.  Basford,  your  friends  feel  that  you  have 
well  earned  some  token  of  recognition  at  their  hands,  and  we 
beg  that  you  will  accept  this  volume,  which  contains  the  sen- 
timents, individually,  of  those  whom  the  gentlemen  here  pres- 
ent have  the  honor  to  represent,  and  this,  which  is  intended 
to  give  you  a  much-needed  rest  in  the  way  of  an  extended  trip 
to  Europe;  and,  also,  although  perhaps  selfishly,  we  hope  that 
you  may  find  some  time  to  tell  us  of  your  travels  and  give 
some  hints  of  interest  which  may  be  found  on  the  other  side. 

"We  wish  you  a  prosperous  trip,  a  safe  journey,  and  a 
return  denoting  the  fact  that  your  friends  have  done  the  right 
thing." 

After  the  presentation  Messrs.  Deems,  Seley  and  Pomeroy 
endorsed  and  supplemented  the  remarks  of  Mr.  Morris  in  a 
manner  which  was  both  genuine  and  touching. 

As  proprietor  of  the  American  Engineer  and  Railroad 
Journal,  I  endorse  the  sentiments  expressed  in  this  tribute 
to  Mr.  Basford  with  all  my  heart,  and  wish  to  thank  each 
contributor  for  this  mark  of  appreciation  of  one  who  has  so  in- 
defatigably  labored  day  and  night  in  the  interests  of  the 
associat'ons  and  the  motive-power  departments  of  our  rail- 
roads.    Mr.  Basford  will  sail   in  November. 

R.  M.  Van  Arsdale. 
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To  My  Friends: 

Until  Mr.  Morris  banded  me  the  volume  of  letters  I  had  no 
inkling  of  this.  That  such  an  honor  should  come  to  me  in 
such  a  way  is  overwhelming,  and  I  cannot  understand  It. 
That  such  men  should  unite  in  a  word  of  friendly  interest  is 
the  greatest  honor,  but  that  they  should  have  and  express  the 
feeling  which  prompted  these  letters  is  the  greatest  joy  of  my 
life. 

I  cannot  help  saying  that  what  success  has  attended  my 
efforts  is  due  to  the  support  which  friends  have  accorded  and 
to  the  broad-minded  policy  of  Mr.  Van  Arsdale  in  giving  me 
the  opportunity  to  work  for  them. 

Most  of  the  letters  are  inscribed  "My  Dear  Basford."  They 
are  sacred,  and  my  proudest  possession.  Not  the  least  pleas- 
ing feature  is  that  they  come  not  only  from  railroad  men  and 
those  who  serve  them,  but  also  from  the  newspaper  friends 
whom  I  most  admire.  Truly,  no  one  has  such  cause  for  grati- 
tude or  such  an  inspiration  for  the  future.  With  a  heart  full 
of  love  and  gratitude  for  my  many  friends,  I  gratefully  accept 
this  token  of  their  appreciation  of  my  bumble  efforts,  and  I 
thank  God  for  the  opportunity  to  know  and  serve  such  men. 

G.  M.  Basfobd. 


"HAND   HOLDS"  ON   LOCOMOTIVES. 


HOW    TO    BECOME    A    SUCCESSFUL    MACHINIST. 


A  boy  of  16  was  ambitious  to  become  a  machinist  and  had 
secured  a  position  as  machinist  apprentice  in  a  small  plant 
consisting  of  a  foundry  and  general  machine  shop.  The  night 
before  he  was  to  start  to  work  he  sought  the  counsel  and  ad- 
vice of  a  friend  of  the  family,  a  man  whose  ripe  judgment  and 
years  of  successful  practice  gave  weight  to  his  words.  The  ad- 
vice, much  different  from  what  the  young  man  expected,  was: 

"Young  man,  if  you  see  a  piece  of  work  on  the  floor  that  has 
to  be  lifted  and  it  takes  more  than  one  man  to  lift  it,  always 
be  the  first  to  take  hold  of  it,  don't  let  anybody  get  ahead  of 
you;  if  you  follow  the  spirit  of  this  advice  for  four  years  you 
will  come  out  a  good  mechanic." 


SPACES  BETWEEN   SHOP  BUILDING$  AND  FIRE  RISKS. 

Locomotive  erecting  shops  over  1,000  ft.  long  are  big.  When 
the  other  buildings  of  the  plant  are  in  proportion  and  a  car 
department  for  building  as  well  as  repairing  cars  is  added, 
the  establishment  becomes  enormous.  Designers  of  such  shops 
have  great  responsibilities.  The  problem  of  planning  a  shop 
is  not  in  direct  proportion  to  the  size  of  the  plant.  It  is  more 
difficult  to  design  a  large  than  a  small  one,  because  new 
questions  arise  in  the  large  one  which  are  much  more  impor- 
tant than  the  increased  cost  because  of  the  size  of  the  build- 
ings. The  matter  of  handling  materials  becomes  a  vital  one 
in  very  large  plants.  Not  only  is  it  difficult  to  provide  for 
material,  but  supervision  such  as  is  necessary  in  a  railroad 
shop  is  difficult.  A  point  has  now  been  reached  which  justifies 
the  question  of  how  large  it  is  profitable  to  bv'.ild  shops  and 
how  far  it  is  advisable  to  concentrate  work.  The  limit  has 
been  approached,  if  it  has  not  been  reached,  tjless  a  radical 
change  in  the  arrangement  of  buildings  is  adopted.  Isolated 
buildings  have  been  favored  on  the  basis  of  supposed  reduc- 
tion of  fire  risks.  It  is  now  in  order  to  consider  connected 
buildings  with  the  type  of  fire  protection  which  has  been  so 
thoroughly  developed  in  modern  mill  construction.  In  this 
connection  attention  is  directed  to  the  fact  that  the  new  shops 
of  the  Locomotive  and  Machine  Company  of  Montreal,  which, 
while  arranged  so  that  the  buildings  are  connected  are  accepted 
for  insurance  in  the  New  England  Manufacturers'  Mutual 
Insurance  Company,  with  an  arrangement  whereby  an  annual 
saving  of  over  $G,000  per  year  is  effected  in  the  premium  rates, 
making  the  rates  that  much  lower  than  would  be  charged  with 
the  usual  construction.  That  this  conservative  concern  con- 
siders this  connected  arrangement  of  buildings  such  a  good 
risk  indicates  the  possibility  that  a  mistalte  has  been  made 
in  railroad  shops  having  wide  spaces  between  the  principal 
buildings.  This  subject  is  worthy  of  attention.  The  shops 
referred  to  will  be  illustrated  in  this  journal,  when  this  sub- 
ject will  be  more  fully  discussed. 


The  Interstate  Commerce  Commlslon  is  in  an  interesting 
situation  with  reference  to  the  law  requiring  hand  holds  on 
the  front  ends  of  locomotives.  Stated  briefly,  the  circumstances 
are  these: 

The  safety  appliance  law  requires  hand  holds  on  the  ends 
and  sides  of  all  cars  except  passenger  cars.  An  amendment  to 
the  law  passed  last  April  classified  locomotives  as  cars  with 
respect  to  safety  appliances.  The  question  of  standard  location 
of  hand  holds  on  locomotives  and  tenders  is  now  up  for  dis- 
cussion. 

The  commission  has  already  waived  the  requirement  as  to 
the  hand  holds  on  the  sides,  near  the  ends,  of  locomotives, 
which  indicates  the  fact  that  the  whole  matter,  as  far  as  loco- 
motives are  concerned,  may  be  waived  at  their  discretion. 
It  therefore  appears  that  the  law  need  not  be  enforced  as  to 
the  front  hand  holds  on  the  pilots. 

As  indicated  in  public  discusions,  many  railroad  officers 
wish  to  discourage  riding  on  the  pilots  of  locomotives  and 
object  to  the  hand  holds  on  the  ground  that  they  would  en- 
courage a  dangerous  practice.  If  the  railroad  men  are  right 
in  this  and  if  the  law  is  enforced,  the  commission  may  place 
itself  in  the  attitude  of  increasing  the  hazard  of  the  men  by 
enforcing  the  safety  appliance  law,  which  was  intended  to 
decrease  the  dangers  of  their  occupation.  In  such  a  case 
the  moral  responsibility  would  appear  to  rest  upon  the  com- 
mission. We  shall  be  glad  to  print  opinions  of  our  readers 
upon  this  subject. 


TWO  LEAKY  TUBE   SUGGESTIONS. 


Flue  troubles  are  everywhere  apparent.  They  do  not  seem 
to  be  confined  to  any  particular  road  or  type  of  firebox,  and 
yet  with  the  introduction  of  wide  fireboxes  there  seems  to 
have  been  an  increase  of  the  amount  of  difficulty.  When  fire- 
boxes were  always  deep  and  the  fires  were  also  deep  on  the 
grates,  lube  leakage  was  not  as  serious  as  it  is  with  larger 
grates  and  shallower  fireboxes.  The  matter  of  distance  of  the 
tubes  above  the  fire  has  something  to  do  with  this.  If  the 
distance  is  sufficient  the  heat  of  the  fire  will  evaporate  a  cer- 
tain amount  of  leakage  and  it  will  not  deaden  the  fire,  as  is 
the  case  when  the  water  runs  directly  upon  the  coal.  Again, 
if  the  fire  is  thick  a  little  water  will  not  quench  it,  as  is  the 
case  when  it  is  very  thin.  But  this  has  nothing  to  do  with 
the  trouble  itself. 

Tubes  leak,  and  this  should  be  prevented  if  possible.  At 
least  two  things  can  be  done  at  once,  and  both  seem  likely  to 
afford  relief.  The  first  is  to  camber  the  tubes,  giving  them 
an  even  curve,  with  the  center  of  the  tube,  say,  1  in.  off  that  of 
the  ends.  This  has  been  done  in  England,  but  the  degree  of 
cambering  may  not  have  been  exactly  this.  Such  curving  of 
the  tubes  may  provide  a  means  for  taking  up  expansion  and 
contraction  without  affecting  the  sheets.     It  is  worth  trying. 

The  other  precaution  relates  to  the  handling  of  injectors  when 
the  engine  is  not  using  steam.  Experiments  on  a  Western 
road  have  shown  that  when  an  engine  is  standing  at  a  station 
or  in  the  roundhouse,  and  not  using  steam,  it  is  possible  by 
using  the  injectors,  under  such  conditions,  to  produce  a  dif- 
ference of  temperature  of  100  degs.  between  the  water  at  the 
crownsbeet  and  that  at  the  mud  ring.  If  the  same  difference 
exists  at  the  tubes,  the  lower  tubes,  if  about  18  ft.  long,  may 
be  expected  to  be  %  in.  shorter  than  the  upper  ones.  This 
is  sufficient  to  account  for  some  of  the  flue  troubles.  When 
the  engine  blows  off  or  for  any  reason  the  natural  circulation 
is  restored,  the  feed-water  mixes  thoroughly  and  the  wide 
range  of  temperatures  is  destroyed.  This  suggests  the  im- 
portance of  feeding  boilers  only  when  the  water  is  in  active 
circulation.  This  cannot  always  be  done,  but  by  liberally 
educating  engineers  and  hostlers,  a  marked  improvement  is 
possible. 

These  suggestions  are  not  new  but  the  reader  will  not  object 
to  being  reminded  of  them. 
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COMMUNICATIONS. 


THE  HEAVIEST  LOCOMOTIVE. 


ILLINOIS  CENTRAL  SUBURBAN   CARS. 


To  the  Editor: 

On  page  372  of  your  current  number  you  give  credit  to  the  new 
"Santa  Fe"  type  locomotives,  built  by  the  Baldwin  Locomotive 
Works  for  the  Achison,  Topeka  &  Santa  Fe,  as  being  the  heaviest 
locomotives  in  the  world.  These  engines  have  a  total  weight  oi" 
287,240  lbs.,  of  which  234,580  lbs.  are  on  driving  wheels.  Your 
statements  are  generally  correct,  but  here  you  are  wrong.  The 
Shay  locomotive,  which  you  illustrated  in  August,  1902,  weighs 
291,000  lbs.,  all  of  which  comes  upon  the  driving  wheels. 

Accuracy. 

[The  geared  machine  referred  to  was  called  a  locomotive  in  this 
journal  with  misgivings  at  the  time.  It  is  really  not  a  locomotive 
at  all,  but  a  movable  steam  capstan  on  wheels  with  a  locomotive 
boiler. — Editok.] 


GOOD  WORK   OUT  OF  AN  OLD  SHOP. 


To  the  Editor: 

Some  months  ago  a  progressive  and  bright  master  mechanic  said 
to  the  writer :  "You  have  been  illustrating  and  describing  new  and 
modern  shops,  now  write  something  explaining  how  to  get  the 
requisite  amount  of  work  out  of  an  old  shop  at  the  minimum  of 
cost." 

This  master  mechanic  was  on  a  large,  important  road  that  had 
two  shops — one  quite  new  and  modern,  the  other  small,  crowded, 
badly  equipped  and  lacking  important  tools  and  appliances.  The 
old  shop  was  turning  out — thanks  to  this  master  mechanic's  ability 
- — pretty  nearly  as  much  per  month  as  the  new  one,  and  was  doing 
it  at  about  the  same  average  cost,  but  as  soon  as  the  organization 
of  the  new  shop  is  perfected  the  old  shop  will  not  be  able  to  compete. 

There  are  several  important  rules  to  be  observed  to  get  the  maxi- 
mum amount  of  work  at  the  minimum  of  cost. 

First,  the  superintendent  of  motive  power  must  take  an  active 
interest  and  be  open  to  suggestions  from  his  subordinates ;  second, 
the  master  mechanic,  the  superintendent  of  shops  and  the  general 
foreman  should  also  be  alert  and  alive  and  should  graciously  receive 
suggestions ;    third,  a  good  organization  should  be  perfected. 

As  to  this  last,  it  may  be  said  that  this  is  the  secret  of  it  all. 
The  general  foreman,  the  machine  shop  foreman,  his  assistant ;  the 
floor  or  erecting  shop  foreman,  his  assistants ;  the  gang  foreman, 
the  boiler  maker  foreman,  his  assistant ;  the  blacksmith  foreman, 
the  chief  electrician,  the  foreman  of  the  mill,  the  tool  room  fore- 
man, the  pattern  maker  foreman  and  the  foundry  foreman  should 
be  called  together  in  a  meeting,  the  superintendent  of  shops  or  gen- 
eral foreman  acting  as  chairman.  The  purposes  and  plans  of  the 
meeting  should  be  explained  and  discussed.  These  meetings  should 
be  made  enthusiastic,  the  work  outlined,  opinions  should  be  asked 
of  each  general  and  other  foreman,  according  to  their  seniority. 

Right  here  it  is  well  to  say  that  the  writer  believes  that  a  gang 
foreman  should  be  a  salaried  man.  He  should  be  a  carefully  se- 
lected young  man,  who  should  be  given  to  understand  that  it  is 
"up  to"  him  to  hold  the  men  in  line,  by  enthusing  them ;  also  that 
he,  the  gang  foreman,  being  made  a  salaried  officer  and  belonging 
to  the  official  stafE  of  the  shop,  must  take  a  big  interest  in  the  suc- 
cess of  the  shop  and  in  turning  good  work  out  at  a  minimum  of  cost. 
If  he  carmot  hold  his  end  up  another  should  be  tried.  This  fore- 
man should  be  made  to  feel  that  he  will  be  promoted  to  the  posi- 
tion of  general  foreman  if  satisfactory,  and  that  other  responsible 
positions  will  be  open  to  him  if  he  is  successful. 

The  meetings  of  these  foremen  should  be  held  once  every  week, 
an  hour  or  so  before  quitting  time.  A  general  shop  meeting  of  all 
that  are  interested  might  be  held  three  times  a  year  and  an  ad- 
dress made  by  the  superintendent  of  motive  power. 

The  superintendent  of  shops  or  chairman  of  meeting  should  have 
all  engines  or  cars  booked  each  week  and  should  give  notice  when 
they  are  coming  into  the  shop.  The  man  in  charge  of  stripping 
should  be  told  that  only  a  certain  number  of  hours  at  the  most 
would  be  allowed.  The  storekeeper  should  be  advised  and  should 
keep  in  stock  everything  that  is  needed.  The  machine  shop  fore- 
man and  floor  foreman  should  call  for  what  is  needed  in  time  so 
that  he  can  procure  the  material  if  it  is  not  in  stock. 

All  foremen  should  be  earnestly  advised  to  take  an  interest  in 
the  railway  clubs,  and  it  should  be  insisted  upon  that  they  read 
and  sub-scribe  for  some  good  mechanical  railway  paper.  Finally, 
all  should  study  plans  for  new  and  better  arrangements  of  tools, 
to  try  to  impress  the  management  with  the  necessity  for  traveling 
cranes  if  they  are  not  alreay  provided,  and  also  plan  to  drive  their 
old  tools  by  electric  motors.  Geoboe  B.  Shank. 


To  the  Editor : 

I  note  with  considerable  surprise  your  fulsome  praise  of  the  new 
Illinois  Central  suburban  cars  on  the  editorial  page  of  your  October 
number.  There  is  nothing  new  about  these  cars,  and  I  fail  to  see 
how  you  can  say  that  they  are  likely  to  influence  future  construction 
except  unfavorably.  In  the  first  place,  these  are  English  cars,  and 
therefore  old  in  principle.  They  are  inordinately  heavy,  and  this  is 
a  step  in  exactly  the  wrong  direction.  Furthermore,  they  require 
station  platforms  raised  to  the  level  of  the  car  floors.  This  may  be 
convenient  for  such  a  road  as  the  Illinois  Central,  but  it  will  not  do 
at  all  for  Eastern  roads  where  the  suburban  and  through  service 
must  be  handled  on  the  same  tracks.  I  fail  to  see  the  point  of 
your  pleasant  remarks  about  these  cars,  and  do  not  believe  this 
type  of  car  will  ever  appeal  to  railroad  men,  either  those  in  charge 
of  surface  or  elevated  lines ;  in  fact,  looking  at  the  car  from  the 
standpoint  of  a  practical  superintendent,  I  can  see  nothing  in  it 

SUPEEENTENDENT. 

[The  frank  disapproval  of  this  correspondent  indicates  that  he  has 
not  watched  the  retrograde  movement  of  the  past  ten  years  In  sub- 
urban traffic  on  steam  lines  with  sufficient  care.  He  must  be  told 
that  the  methods  of  these  lines  must  be  revolutionized  or  suburban 
business  will  soon  be  irretrievably  lost  to  electric  lines  where  the 
principles  of  convenience  are  understood.  These  cars  are  new  and 
are  not  "English."  The  combination  of  the  aisles  and  transverse 
seats,  with  doors  opposite  the  seat  spaces,  is  new  and  necessary. 
The  capacity  of  suburban  trains  is  not  now  limited  by  acceleration 
or  by  speed  between  stops,  but  by  the  rapidity  of  loading  and  un- 
loading of  passengers  at  stations,  and  here  is  where  the  Illinois 
Central  cars  surpass  those  of  all  other  types.  As  to  the  weight, 
let  us  ask  our  correspondent  to  point  to  any  other  suburban  car  of 
this  length  or  any  other  length,  having  a  capacity  to  seat  100  passen- 
gers. Per  unit  of  weight  per  passenger,  this  is  now  a  light  car. 
Let  us  ask  him  to  point  to  a  stronger  car  than  this,  and  remind  him 
of  the  way  in  which  ordinary  suburban  cars  of  wood  are  crushed  in 
collisions.  The  Illinois  Central  cars  are  not  as  light  as  they  may 
be  built.  They  may  be  constructed  almost  entirely  of  steel,  and  un- 
doubtedly this  is  the  direction  which  the  lirst  improvements  will 
take.  This  journal  stands  pat  on  the  "fulsome  praise"  already 
given,  and  advises  railroad  officers  to  take  a  leaf  out  of  the  Illinois 
Central  book  as  to  methods  of  handling  large  numbers  of  suburban 
passengers.  If  this  business  is  to  be  retained,  other  roads  must 
follow  this  leadership  until  something  better  appears. — The 
Editob.] 


SOME   CAUSES  OF  BREAK-IN-TWOS. 


To  the  Editor: 

The  following  figures  may  be  of  interest  in  connection  with  the 
figures  shown  in  the  digest  of  the  proceedings  of  the  Traveling 
Eugineers'  Association,  published  in  your  October  issue,  concern- 
ing the  cause  of  break-in-two's. 

Record  of  break-in-two's — from  January  1,  1900,  to  October 
10,  1903: 

Running  between  stations,   air  not  in  use 25% 

Air  applied  and  released    17% 

Air  applied,  rear  cars  going  into  emergency 6% 

Starting  train    48% 

You  will  note  that  practically  one-half  of  the  break-in-two's 
occur  in  "taking  up  the  slack"  when  starting  the  train ;  also  that 
the  failures  while  "running  between  stations,  air  not  in  use,"  are 
50  per  cent,  greater  than  the  failures  caused  by  delayed  release  in 
long  trains. 

The  number  of  cars  in  a  train  ranges  from  20  to  75;  the  average 
being  over  40.  The  air-brakes  are  used  in  most  cases  on  all  the 
cars  in  the  train ;    except  when  there  are  over  50  cars. 

In  228  cases  where  the  direct  cause  was  not  obscured  by  subse- 
quent "running  together,"  the  causes  were  as  follows  : 

Broken    coupler    61 

Brolten   l^nuckle  lock    , .■ .  .  4 

Broken  yoke,  stem,  or  stem  key '. 24 

Worn  out  knuckle    1 

Worn    out   Itnuckle  pin    1 

Knuckle  came  open,  old  coupler  or  creeping  of  lock 29 

Contour    line   worn    3 

Broken   draft  timbers    10 

Broken   draft   rods    1 

Broken   knuckle    44 

Broken  knuckle  pin    5 

Broken  yoke  bolts  or  rivets 5 

Wort  out  knuckle  lock   9 

Couplers   under  standard   height 1 

Knuckles    sliding    by 12 

Defective    brakes    7 

Wrong  use  of  brakes 11 

A.  M.  Obb. 
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HEAVY  FREIGHT   LOCOMOTIVE. 


Lake  Shore  &  Michigan  Southebn  Rau-way. 


2 — 8—0  TYPE. 


lue  proprietor  and  editors  oi  lliis  journal  take  special  pleas- 
ure iu  preseuliug  tins  loLomotivu  because  it  is  tlie  tirst  to  be  lil- 
ted witli  a  stack  m  accordance  witii  the  torniula  derived  by  irol. 
uoss  iroiu  tlie  Amebican  IiInuineeb  tests,  (bee  Amiikicaa  ii.iN- 
GiwELK,  June,  ia03,  page  itu.j  it  is  too  early  to  state  tlie  re- 
sults in  steaming  qualities,  but  llie  first  locomotive  to  go  lulo 
service  lias  done  well  tnus  lar.  We  illustrate  tlie  stack  and 
Iront  end  arrangement  in  this  issue. 

In  the  Lake  ahore  classilication  this  is  known  as  a  "130  per 
cent,  engine"  and  is  designated  as  Class  C.  The  "100  per  cent." 
engine  oi  this  road  is  the  one  illustrated  on  page  a7  ol  tuis 
journal  lor  February,  1900.  A  locomotive  having  a  weight  o£ 
:i07,000  lbs.  on  driving  wheels  is  a  large  one,  and  is  probably 
large  enough  lor  any  ordinary  road  to  use  lor  the  present,  un- 
til the  necessity  for  Improving  rounu  house  and  shop  laciliiies 
is  better  appreciated  than  is  the  case  at  present,  mat  the 
"l^ake  Shore"  should  build  five  such  engines  will  surprise  many 
who  are  lamiliar  with  the  early  traditions  o£  this  road  with  re- 
spect to  light  locomotives.  On  the  low  grade  division  such 
heavy  units  are  not  needed.  These  are  to  be  used  in  pusher 
service  on  the  hills  at  Youngstown  and  Ashtabula,  on  the 
Franklin  division.  This  division  has  a  low  grade  line  o£  about 
0.3  per  cent,  with  the  exception  ol  the  hills  at  each  terminal, 
where  the  grades  are  such  as  to  require  three  road  locomotives  to 
handle  a  train  which  is  easily  handled  by  one  ol  them  between 
terminals.  They  are  also  to  be  used  to  push  freight  trains  trom 
Cleveland  to  West  Park,  on  the  Toledo  division.  Further  work 
lor  which  they  are  adapted  will  appear  in  the  new  gravity  or 
"hump"  yards  at  CoUinwood  and  Elkhart  when  these  yai  us  are 
completed.  At  present  they  will  not  be  used  in  main  line  serv- 
ice on  the  Franklin  division,  but  when  steel  cars  ol  100,000  lbs. 
capacity  are  sufliciently  numerous  on  that  division  to  bring 
4,000  ton  trains  down  to  a  reasonable  length  they  will  be  put 
into  regular  road  service,  lor  which  they  are  admirably 
adapted.  This  division  handles  coal  to  Ashtabula  and  ore 
toward  the  south  to  Youngstown. 

These  locomotives  were  built  at  the  Brooks  Works  o£  the 
American  Locomotive  Company.  They  are  specially  interest- 
ing because  of  the  attention  which  was  given  to  the  details,  and 
for  which  credit  is  due  Mr.  H.  H.  Vaughan,  assistant  superin- 
tendent of  motive  power  of  the  road,  and  also  to  the  builders. 
These  are  the  first  locomotives  having  6-in.  frames  throughout. 
This,  however,  Is  but  one  feature  of  the  frame  system  which 
will  be  brought  out  in  the  presentation  of  some  of  the  details 
of  construction  in  our  next  issue.  Considering  the  fact  that  the 
designer  was  required  to  work  within  positive  limits  of  weight, 
height  and  width,  and  that  the  engines  are  to  work  in  excep- 
tionally severe  service,  this  production  is  a  remarkable  one. 
These  engines  have  cylinders,  23  x  30  in.,  drivers  57  In. 
diameter  and  weigh  in  working  order  235,400  lbs.,  207,000  of 
which  is  on  the  drivers.  The  boiler  Is  a  radial  stayed  wagon 
top  with  wide  firebox,  109  in.  long  by  74  in.  wide,  the  dia- 
meter at  the  front  end  of  the  boiler  80  in.  and  diameter  at 
largest  course  87%  in.,  and  is  provided  with  460  tubes,  2  in. 
diameter  by  15  ft.  6  in.,  long  spaced  with  15-16  in.  bridges. 
The  water  space  in  the  throat  sheet  leg  especially  is  made 
very  wide  so  as  to  provide  ample  means  for  circulation,  the 
feature  in  the  design  of  this  boiler  being  not  so  much  to  pro- 
vide an  abnormal  amount  of  heating  surface  as  to  furnish  a 
sufficient  amount  properly  arranged  so  as  to  give  ample  means 
for  circulation  and  thus  secure  greater  efficiency.  One  of  the 
features  in  the  design  of  this  boiler  is  the  use  of  very  large 
radius  In  the  upper  corners  of  the  flue  sheet  and  door  sheet. 
The  frames  are  of  cast  steel,  made  solid  throughout  without 


splices;  the  front  end  consisting  of  a  combination  casting 
forming  a  bed  plate  for  the  cylinders  and  eSgine  truck  spindle 
guide  and  frame  bumper  bracket  all  in  one  piece,  this  being 
securely  bolted  between  the  frames  and  to  the  cylinders;  th« 
frames  being  6  in.  wide  throughout,  but  being  only  finished 
on  such  portions  as  absolutely  required  on  the  frame  and  the 
unfinished  portions  being  made  narrower,  so  as  to  permit  of 
continuous  finish.  The  frames  are  braced  together  at  inter- 
vals throughout  their  length  by  heavy  steel  castings,  the  for- 
ward one  of  which  at  the  rear  of  the  front  pedesUl  being  ar- 
ranged vertically  so  as  to  absorb  any  thrust  or  twisting 
strains. 

The  link  motion  is  of  the  central  direct  type  with  double 
hangers,  the  transmission  bar  being  coupled  to  an  Inverted 
rocker,  attached  to  the  guide  yoke,  the  rocker  having  external 
bearings.  The  engine  truck  is  of  new  design  and  will  be  illus- 
trated in  detail.  It  consists  of  a  cast  steel  frame  with  coll 
springs  on  top  of  the  boxes,  thus  dispensing  with  the  usual 
equalizers  and  side  springs,  and  enabling  the  frame  to  be 
made  much  lower  and  provide  more  clearance  for  the  engine 
frame.  The  swing  beam  is  also  of  new  design,  providing  for 
long  three-point  suspension  hangers  on  either  side  of  the  axle 
thus  insuring  ample  motion  to  the  truck,  without  too  great 
resistance.  The  dry  pipe  is  9  in.  diameter,  and  is  pro- 
vided with  an  improved  top  opening  throttle  of  ample  capacity. 
The  smoke  box  arrangement  is  somewhat  peculiar,  consisting 
of  a  solid  horizontal  partition  below  the  tee  head,  the  smoke 
stack  being  extended  down  through  the  arch  and  bolted 
solid  to  this  horizontal  diaphragm,  the  usual  smoke  box  ar- 
rangement being  provided  for  underneath  this  diaphragm. 
This  arrangement  enables  the  use  of  a  fairly  long  stack  with- 
out having  the  bottom  extend  below  the  solid  surface  of  the 
smoke  box. 

The  cab  is  of  steel  proportioned  to  suit  the  other  dimen- 
sions of  the  engine,  and  having  the  front  doors  set  on  an 
angle  opening  inwards  in  order  to  provme  sufficient  opening 
with  the  extremely  wide  firebox  used.  Brake  reservoirs  are 
located  underneath  the  forward  running  boards  on  either 
side.  The  feed  water  is  supplied  through  two  No.  11  non- 
lilting  injectors,  it  being  impracticable  to  apply  two  lifting 
injectors  and  provide  suitable  room  in  the  cab.  The  water 
from  the  injectors  is  delivered  through  a  special  tee  fitting 
attached  to  the  bottom  of  the  boiler  waist  at  the  front  end, 
this  being  provided  with  a  horizontal  discharge  elbow  facing 
towards  the  firebox,  the  delivery  of  feed  water  thus  being  ar- 
ranged as  nearly  as  practicable  in  the  line  of  proper  circulation, 
furthermore,  the  cooler  feed  water  from  the  injectors  haa  a 
tendency  to  keep  down  the  temperature  ol  the  firebox  flue 
sheet  and  the  back  end  of  the  flues  .especially  when  the  en- 
gine is  working  hard.  The  back  end  of  the  frames  is  dropped 
down  so  as  to  bring  the  line  of  draught  as  nearly  as  practic- 
able in  line  with  the  centers  of  the  axles;  the  tender  frame 
also  is  made  extremely  low  for  a  tender  of  this  size,  thus  keep- 
ing down  the  center  of  gravity  of  the  large  tank  used  as  well 
as  keeping  the  center  of  the  draught  at  the  rear  end  inside  the 
line  of  the  frame,  instead  of  below  as  is  usually  the  case. 
In  order  to  accomplish  this  a  special  design  of  frame  as 
illustrated  on  the  drawings  together  with  special  design  of 
tender  truck  having  low  cast  steel  bolster  is  used.  There  are 
many  features  of  design  differing  somewhat  from  other  heavy 
engines,  one  of  the  most  noticeable  being  that  notwithstanding 
the  enormous  size  and  proportions  of  the  engine,  yet  all  parts 
are  as  readily  accessible  for  inspecUon,  repairs  or  renewals  as 
upon  engines  of  half  the  weight,  whilst  the  cab  is  fully  as 
roomy,  and  the  arrangements  just  as  convenient  as  upon 
smaller  engines. 

In  describing  the  details  of  the  design  next  month  attention 
will  be  directed  to  many  interesting  features,  among  which  are: 
13-in.  piston  valves  with  internal  admission,  English  links,  a 
new  construction  of  roclters  and  rocker  boxes,  the  Player  4- 
rhamber  exhaust  pipe,  unusually  careful  frame  construction 
and  bracing  and  an  excellent  new  ash  pan  construction.  The 
accompanying  tables  present  the  ratios  and  principal  dimen- 
sions of  these  locomotives. 
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THE   STACK DESIGNED   IN    ACCORDANCE   WITH   AMERICAN    EN- 
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SHOWING  FOBil   OF  FIREBOS. 
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FREIGHT    LOCOMOTIVE — LAKE    SHOBE    &    MICHIGAN    SOUTHERN    RAILWAY. 


Lake  Shore  and  Michigan  Southern  Ry. 
2 8 0  freight  locomotives. 

RATIOS. 

Heating  surface  to  cylinder  volume =  274.8 

Tractive  weight  to  lieating   surface =  52.3 

Tractive  weight  to  tractive  effort =  4.37 

Tractive  effort  to  heating  surface =  11.95 

Tractive  effort  +  dia.  of  drivers  to  heating  surface =  681.3 

Heating  surface  to  tractive  effort =  8.4% 

Total  weight  to  heating  surface :=  59.48 

GENERAL  DIMENSIONS. 

Gauge    4   ft.    8V2    in. 

Fuel Bituminous  Coal. 

Weight    in   working   order 235,400  lbs. 

Weight  on  driver.s 207,000  lbs. 

Weight  Engine  and  Tender  in  working  order 386,400  lbs. 

Wheel  Base,  Driving 17  ft,  3  in. 

Wheel  Base,  Rigid 17  ft.  3  in. 

Wheel  Base,  Total 26  ft.  B  in. 

Wheel  Base,  Total,  Engine  and  Tender 57  ft,  10  in, 

CYLINDEBS, 

Diam,  of  Cylinders 23    in. 

Stroke  of   Piston 30    in. 

Horiontal  thickness  of  Piston 7  in, 

Diam,  of  Piston  Rod 4  %    in. 

Kind  of  Piston  Rod  Packing U.  S. 

Size  of  Steam  Ports 29%   in  X  2  in. 

Size  of  Exhaust  Ports 65  sq.  in. 

Size  of  Bridges 4  In. 

VALVES. 

Kind  of  Valves Piston. 

Greatest  Travel  of  Valves 5   7-16   in. 

Outside  Lap  Valves 1   in. 

Lead  of  Valves  in  full  gear , 1-16   in. 

Kind  of  Valve  Stem  Packing U.  S. 

WHEELS.    ETC, 

No,  of  Driving  Wheels 8 

Diam.   of  Driving  Wheels  outside  of  Tire 57  in, 

Mat'l  of  Driving  Wheel,  Centers Cast  Steel 

Thickness  of  Tire 3%   in. 

Driving   Box   Material Cast    Steel 


Diam.  and  Length  of  Driving  Journals 9  Vi  X  10  in,  dia.  X  12. 

Diam.  and  Length  of  Main  Crank  Pin  Journals 71/.   in,  dia,  X  7, 

Diam,  and  Length  of  Side  Rod  Crank  Pin  Journals,  . .  .8%  In,  dia,  X  5^, 

Engine  Truck,  journals 6  in,  dia,  X  12, 

Diam,  of  Engine  Truck  Wheels 331/3   in, 

BOILER, 

Style   Radial  Stayed  Extended  Wagon  Top, 

Outside  diam.  of  first   ring 80    in. 

Working   Pressure    200    lbs. 

Thickness  of  plates  in  barrel  and  outside  of  fire  box, 

13-16,   %,  15-16.   %,  9-16,   %   in. 

Fire  Box,  length 109  in. 

Fire  Box,  width 74   in. 

Fire  Box,  depth,  Front 83%   in.  Back 69%   in. 

Fire  Box  plates,  thickness,  sides, 

%   in,  back,   %   in,  crown,  %   in,  tube  sheet,  %   in. 

Fire  Box,  Water  Space front,  4%   in,,  sides,  41/2  in,,  back,  4%   in. 

Fire  Box,  Crown  Staying 1   in. 

Fire  Box,  Stay  Bolts 1  in. 

Tubes,  material   and  gauge Steel, 

Tubes,   number    460 

Tubes,    diam 2    in. 

Tubes,  length  over  tube  sheets 15 — 6%    in. 

Fire  Brick.  Supported  on Four  3-in.  Tubes, 

Heati  ig  surface,  tubes   3,725  sq,  ft. 

Heating  surface,  water  tubes 29  sq.  ft. 

Heating  surface,  fire  box 203  sq.   ft. 

Heating  surface,  total 3  957  sq.  ft. 

Grate  surface    55   sq.   ft. 

Grate,    Style    Rocking, 

Ash  Pan,   Style    Hopper, 

Exhaust  Pipes    Single, 

Exhaust  Nozzles 6%    In, 

Smoke   Stack,   inside  diameter 20   X    24   In, 

Smoke  Stack,  top  above  rail 15  ft  2  %    in. 

Boiler  supplied  by Two  No.  11  New  Nathan  Injectors, 

TENDER, 

Style    Eight-wheeled, 

Weight,    empty    56,580    lbs. 

Wheels,  number    8 

Wheels,  diam 33  In. 

Journals,  diam.  and  length 5%   in,  dia.  X  10  in. 

Wheel  Base 18  ft.  0  In. 

Tender  Frame    13-in.    Channel   Steel. 

Water  Capacity   7,500  U.  S.  gallons. 

Coal    Capacity    16    tons. 


POWER  TO  DRIVE  MACHINE  TOOLS. 


To  the  Editor: 

It  is  by  no  means  a  rare  thing  to  find  in  your  journal  some- 
thing that  gives  us  food  for  thought.  This  time  it  is  that 
cylinder  borer  of  which  you  gave  an  account  in  the  October 
number.  It  is  said  that  he  who  causes  two  blades  of  grass 
to  grow  where  but  one  grew  before,  is  doing  good  work;  but 
here  some  one  has  done  more,  they  have  caused  about  four 
cylinders  to  be  bored  where  but  one  was  bored  before.  The 
increase  of  output  in  this  instance  is  somewhat  remarkable. 
What  particularly  interests  me  Is  to  know  how  much  power 
is  required  to  do  the  work  mentioned?  You  state  that  a  5- 
h.p.  motor  ran  rather  warm.  I  believe  it.  A  few  figures  show 
that  with  a  cut  %  in.  deep  and  a  feed  of  5-16  in.,  about  35 
cu.  ins.  of  metal  were  removed  per  minute.  Upon  this  basis, 
and  upon  the  assumption  that  the  machine  requires  but  a 
small  amount  of  power  to  run  it  light,  and  also  assuming  that 
the  tools  are  kept  in  well-sharpened  condition,  I  have  esti- 
mated that  about  9  h.p,  are  required.  This  is  from  an  arbit- 
rary formula,  which  has  held  good  in  a  few  Instances,  but  is 
not  of  universal  application.    Another  formula  would  Indicate 


that  a  power  of  17,5  h,p,  would  be  required  for  this  work. 
Prom  another  authority  we  learn  that  21.9  h.p.  are  needed. 
These  figures  show  quite  a  variation,  but  here  is  another  one 
which,  when  worked  out  seems  to  think  that  about  19,2  h,p, 
will  answer,  and  upon  reference  to  a  well  known  pocket  book, 
16,5  h,p.  looks  to  be  the  proper  thing.  Four  of  these  results 
are  from  published  formula.     Now  who  is  guessing? 

There  is  truth  somewhere  in  this  problem,  and  we  would 
like  to  find  it,  for  if  the  operator  can  do  twice  the  present 
amount  of  work,  if  given  a  larger  motor,  then  how  large 
should  it  be,  18  h.p.  or  44h.p.,  and  he  should  have  it  quickly  to 
make  up  for  lost  time.  Evidently  the  motor  now  in  use  is 
under  rated.  It  would  be  of  interest  to  have  reliable  read- 
ings that  would  show  what  is  being  done,  and  how  close  some 
of  us  are  guessing.  Another  thought — with  the  reduction  of 
time,  has  a  high  quality  of  work  been  retained?  Are  the 
cylinders  true  In  diameter  and  of  uniform  size  through  the 
length  of  bore?  Are  they  smooth  and  easy  upon  the  piston? 
If  so,  then  well  and  good,  but  if  not,  then  perhaps  it  would  be 
better  to  ease  up  a  little  on  the  time  and  improve  the  quality. 
Other  thoughts  have  suggested  themselves— but  I  fear  that 
waste  basket.  M.  ES. 
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ACTION    OF    THE    NEW    TOOL    STEELS, 


THE     VALUE    OF    TECHNICAL    TRAINING. 


The  new  tool  steels  contain — In  addition  to  Iron  and  carbon 
— chronium,  tungsten,  and  sometimes  titanium  and  molybde- 
num, and  Mr.  SpuUer's  view  is  that.  In  the  point  of  the  tool, 
the  excessive  heating  causes  a  portion  of  the  carbon  to  leave 
the  iron  and  form  high  carbides  of  chromium  and  tungsten. 
These  higher  carbides  exist  in  the  form  of  needie-lil^o  crystals 
of  intense  hardness,  which  are  embedded  in  the  soft  iron  car- 
bide as  in  a  matrix,  and  which  form  the  real  cutting  portions 
of  the  tool.  This  view  is  supported  by  the  fact  that  the  points 
of  these  tools  harden  in  use,  and  also  by  the  form  assumed  by 
the  tool  points  after  heavy  service;  but  It  cannot  be  said  to  be 
absolutely  proved,  and  the  assumption  that  the  formation  of 
the  crystals  of  chromium  and  tungsten  carbides  Is  due  to  the 
heating  alone  does  not  seem  to  satisfactorily  explain  the  dif- 
ference which  apparently  exists  between  the  point  and  the  Im- 
mediately adjacent  portions  of  one  of  these  tools.  There  Is, 
however,  another  action  going  on  which  may,  I  think,  exert 
an  important  influence,  and  that  is  the  extremely  Intense 
pressure  to  which  the  point  of  such  a  tool  must  necessarily  be 
subjected^  Of  course,  this  is  merely  a  suggestion,  but  I  think 
it  not  improbable  that  further  research  may  show  that  Intense 
pressure  and  heat  in  combination  can  produce  an  effect  which 
would  not  result  from  heating  alone. 

However  this  may  be,  the  fact  remains  that  we  have  In 
these  new  steels  a  series  of  materials  which  promise  to  revo- 
lutionize a  very  important  percentage  of  our  machine  work, 
and  to  necessitate  very  material  alterations  in  the  propor- 
tions of  our  machine  tools,  involving  very  heavy  outlay,  if  we 
wish  to  advance  with  the  times.  Now,  these  are  facts  pointing 
to  the  necessity  for  extensive  research  conducted  in  a  thor- 
oughly systematic  way.  Of  course,  such  an  inquiry  as  this 
would  involve  considerable  expenditure;  but  the  interests  in- 
volved are  enormous,  and  it  cannot  be  doubted,  that  the  results 
attained  would  not  only  be  of  great  immediate  value  to  both 
steel  makers  and  steel  users,  but  would  also  lead  to  Important 
advances  in  the  early  future. — ^W.  H.  Maw,  before  the  Institu- 
tion of  Civil  Engineers. 


FROM    MR.    FORNEY. 


Mr.  M.  N.  Forney  recently  handed  a  clipping  to  the  editor 
of  this  journal  without  comment,  hut  comments  may  be  forth- 
coming.    The  clipping  contained  the  following: 

"Edison  abhors  cigarettes.  Recently  one  of  his  clerks 
dropped  a  package  just  outside  the  private  oflBce  door.  Next 
morning  the  offending  box  of  cigarettes  was  found  impaled 
with  a  nail,  from  which  was  suspended  the  following  notice: 

"  'A  degenerate  who  is  retrograding  toward  lower  animal 
life  has  lost  his  packet.' 

"There  was  no  mistaking  the  familiar  handwriting.  It  hung 
there  all  day. 

"Next  morning  the  cigarettes  were  gone,  but  a  big  black 
plug  of  chewing  tobacco  was  there  instead.  But  not  for  very 
long. 

"Edison  chews  tobacco." 


Mr.  Howard  Elliott  has  been  elected  president  of  the  North- 
ern Pacific  to  succeed  Mr.  C.  S.  Meilen,  who  recently  resigned 
to  succeed  Judge  Hall  as  president  of  the  New  York,  New 
Haven  &  Hartford.  Mr.  Elliott  leaves  the  position  of  second 
vice-president  of  the  Chicago,  Burlington  &  Quincy. 


The  Northern  Railway  of  France  has  put  into  service  a  steel 
car  having  a  capacity  of  50  metric  tons.  This  is  the  first  large 
capacity  car  in  France.  It  is  of  steel  plate,  of  the  Fox  type, 
and  constructed  by  M.  P.  Arbel,  the  licensee  for  this  construc- 
tion In  France. 


Professor  Robert  H.  Thurston,  Dean  of  Sibley  College,  Cor- 
nell University,  died  suddenly  at  his  home  in  Ithaca  Sunday 
night,  October  25. 


Commenting  upon  the  field  for  the  educated  engineer  In 
manufacturing  establishments,  Prof.  J.  J.  Flather,  of  the 
University  of  Minnesota,  made  the  following  remarks  before 
the  North  West  Railway  Club: 

"I  am  reminded  that  a  number  of  years  ago  there  used  to 
attend  the  Boston  'Tech.'  a  young  man  who  got  acquainted 
with  an  old  manufacturer  whom  he  met  daily  going  to  and 
from  the  school.  This  old  gentleman,  who  had  been  In  the 
manufacturing  business  for  some  forty  years,  was  very  much 
interested  in  my  young  friend  and  followed  his  career  through 
college.  When  the  young  man  graduated  he  went  out  to  the 
factory  and  wanted  to  hire  out  as  a  mechanical  engineer.  He 
had  just  had  his  sheep-skin  and  felt  very  wise,  as  he  un- 
doubtedly was.  The  old  man  said  he  had  been  in  business  for 
forty  years;  he  had  made  money;  was  then  making  money; 
he  had  never  needed  a  mechanical  engineer;  he  didn't  see  what 
the  use  of  such  a  being  was,  and  he  had  no  use  for  his  services. 
'But,'  said  the  boy,  'your  valves  aren't  working  right;  look 
at  your  exhaust  and  listen  to  it;  your  line  shaft  is  out  of  line; 
there  are  lots  of  things  here  that  need  a  mechanical  engineer; 
you  could  make  money.'  He  said,  'I  am  making  money,  I 
have  been  making  money  for  forty  years;  I  don't  need  a 
mechanical  engineer.'  Said  the  young  man:  'I  don't  suppose 
you  have  any  objection  to  my  working  for  nothing.  I  would 
like  to  go  to  work  and  adjust  things;  I  would  like  to  overhaul 
your  valves;  I  think  I  can  show  your  firemen  how  to  save 
coal;  I  think  I  can  get  you  better  results.  I  am  willing  to 
make  this  proposition:  I  won't  ask  any  salary,  and  if  I  can  save 
you  anything  just  turn  it  over  to  me.'  Well,  the  old  gentleman 
said  that  was  fair  enough,  so  met  the  proposition  of  the  young 
man  that  he  shoud  have  what  he  saved  during  the  first  year. 
The  young  man  came  down  to  the  shop  and  began  his  work  of 
overhauling  and  bricked  up  the  fire-grate  and  made  it  a  little 
smaller,  and  he  gave  the  firemen  some  orders  about  firing  and 
looked  after  the  shafting  and  the  pulleys,  and  the  old  man 
saw  that  his  coal  bill  was  not  quite  so  great  as  it  used  to  be 
and  he  gave  the  young  man  an  allowance  of  the  amount,  and 
at  the  end  of  the  first  year  the  young  man  drew  out  |6,000, 
which  had  been  saved  in  fuel  and  other  expenses  that  had  been 
expended  previously.  It  is  not  necessary  to  say  that  at  the 
end  of  the  year  the  young  man  was  engaged  as  mechanical 
engineer.  He  started  In  on  the  second  year  not  at  |6,000,  but 
at  $2,500  per  year,  and  Is  now  a  partner  in  the  firm." 


A     NOVEL   METHOD    OF    PIPE    THREADING, 


The  method  of  pipe  threading  referred  to  Is  no  doubt  better 
"honored  in  the  breach  than  in  the  observance";  however,  it 
points  a  valuable  moral,  as  will  be  seen. 

The  reminiscence  Is  related  by  a  one-time  superintendent  of 
water  service,  the  incident  occurring  some  twenty-five  years 
ago  on  a  road  entering  Chicago.  Receiving  advice  that  the 
water  pipe  was  leaking  at  an  important  water  station,  the 
superintendent  of  water  service  went  at  once  to  the  scene, 
with  such  men  and  tools  as  he  had  with  him.  Arriving  at  the 
water  station  he  found  the  4-in.  wrought-iron  water  pipe  bro- 
ken squarely  off,  only  2  ft.  of  water  in  the  tank,  and  no  means 
of  getting  a  piece  of  pipe  from  any  shop  cut  to  length  and 
threaded  Inside  of  twenty-four  hours.  Unwilling  to  interrupt 
the  water  supply  and  determined  not  to  acknowledge  defeat 
until  the  last  resource  was  tried,  he  cut  a  piece  of  pipe  to 
length  with  cold  chisels,  chalked  the  unthreaded  end,  placed 
It  In  line  end  to  end  with  a  threaded  old  piece  of  the  same 
size  pipe,  and  with  two-pointed  tram,  one  point  engaging  In  the 
thread  of  the  old  pipe,  the  other  scribing  on  the  chalked  end 
of  the  blank  pipe,  he  followed  the  thread  with  one  point, 
always  keeping  the  tram  parallel  with  the  axis  of  the  pipe. 
The  path  of  the  right  pitch  thread  was  thus  scribed  by  the 
tram  point  on  the  chalked  surface  of  the  blank  end  of  pipe 
requiring  thread.  The  spiral  scribe  mark  thus  made  was 
nicked  with  chisels,  deepened  and  made  continuous,  luitU  a-t 
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the  end  of  an  hour  and  a  half  a  good  thread  was  cut,  the  job 
put  up  without  a  drop  of  leakage  and  without  the  interrup- 
tion of  the  water  service. 

The  above  incident  was  modestly  related  on  its  own  merits 
as  an  ingenious  little  mechanical  makeshift,  but  it  is  of 
greater  interest  as  symbolizing  that  high  attribute  of  general- 
ship which  shrinks  not  in  the  face  of  difficulties,  but  which 
with  skillful  use  of  the  means  at  hand  snatches  victory  from 
defeat :  — Resourcefulness. 


RECORD-BREAKING  TIME  IN  BORING   DRIVER  TIRES. 


A     BoBiNG-Miix     Opeieator     Who     Keeps     Foue     Men     Bust 
Handling  Work. 


WEST  ALBANY   SHOPS. NEW   YORK   CENTRAL. 


The  letter  appended  below  is  a  remarkable  statement  re- 
cently received  relative  to  an  astonishing  boring-mill  record 
that  is  being  maintained  in  daily  service  at  the  New  York  Cen- 
tral shops  at  West  Albany.  We  hope  that  this  letter  will  re- 
ceive the  careful  attention  of  all  our  readers,  as  it  is  a  striking 
example  of  the  value  of  studying  machine  tools  to  obtain  the 
utmost  capacity.  This  statement  is  vouched  for  by  Mr.  C.  H. 
Querean,  superintendent  of  the  West  Albany  shops.  Can  any 
of  our  readers  show  such  a  record  as  this? — Editor. 
To  the  Editor: 

In  view  of  your  interest  in  the  matter,  I  wish  to  submit  the  fol- 
lowing facts  as  to  the  boring  of  driving  tires  on  an  84-in.  boring 
mill.  The  figures  which  I  furnish  .vou  are  actual  details  of  what  I 
am  doing  every  working  day. 

It  must  be  under.stood  that  to  accomplish  the  following  results 
several  vital  points  must  be  strictly  adhered  to. 

In  the  first  place,  the  operator  must  thoroughly  understand  his 
machine ;  he  must  know  what  speed  to  use  to  get  the  limit  of  work 
from  his  tools  and  at  the  same  time  keep  within  the  limit  of  the 
working  power  of  his  machine,  so  as  not  to  strip  any  gears,  which 
is  very  easily  done. 

This  matter  of  gearing  on  the  large  modern  boring  mills  is  one 
which  is  attracting  attention  from  all  users  of  this  class  of  machine. 
The  driving  gears  should  be  more  massive — the  teeth  should  be 
heavier.  This  applies  alike  to  the  cone  gears  and  to  those  which 
are  underneath  the  table.  This,  in  my  opinion,  is  absolutely  neces- 
sary in  view  of  the  increased  output  of  these  machines  since  the 
introduction  of  the  new  high-speed  tool  steels.  Speed  is  not  an  abso- 
lutely necessary  factor,  as  these  machines  will  waste  power  in 
speed,  when  they  need  it  to  drive  the  heavy  feeds  which  are  used  to 
do  the  work  hereinafter  stated.  Also  the  worm  and  worm  gear 
which  operate  the  friction  head  on  the  ram  should  be  made  larger 
and  heavier,  as  this  is,  in  my  opinion  from  personal  experience, 
the  weakest  point  about  these  machines. 

It  is  "up  to"  the  manufacturer  to  build  machines  to  suit  the  tools 
which  are  used  to-day.  The  tool  steel  manufacturers  are  far  ahead 
of  the  machine  tool  builders.  When  a  worm  or  worm  gear  gives 
out  (which  is  a  common  occurrence)  it  is  necessary  to  take  the 
whole  carriage  and  ram  down  off  the  cross-rail,  which  is  a  very 
long  and  tedious  operation,  costing  considerable  time  and  expense. 
This  could  be  entirely  done  away  with  if  the  designer  would  put 
two  holes  through  the  back  of  the  rail  casting,  instead  of  half  way 
through  the  casting,  as  at  present.  The  hole  should  be  twice  the 
size  of  the  gear — say,  a  10-in.  hole  where  a  5-in.  gear  is  used,  and 
so  on  in  proportion. 

I  will  now  give  the  time  taken  to  bore  the  following  sizes  of  tires : 

Thirty-nine-in.  driving  tires  are  put  on  the  machine,  set,  bored 
and  taken  off  in  24  minutes ;  24  of  these  are  bored  in  9Vz  hours. 

Firty-four-in.  tires  are  put  on,  set,  bored  and  removed  in  23 
minutes,  and  occasionally  better,  as  25  of  this  size  are  bored  in  9% 
hours. 

Fifty-in.  tires  are  finished  in  the  same  time  as  44-in.  tires. 

Fifty-six-in.  and  57-in.  tires  are  bored,  set  and  removed  in  21 
and  22  minutes.  We  average  27  of  this  size  in  9  hours.  I  have 
bored  23  of  this  size  in  7%  hours. 

Sixt,v-two-in.  retaining-ring  tires  are  set,  bored,  grooved  on  both 
sides  and  taken  off  the  machine  in  2%  hours. 

Sixty-three-in.  retaining-ring  tires  are  set,  bored,  grooved  on 
both  sides  and  taken  off  in  2%   hours. 

Sixty-eight-in.,  71-in.  and  72-in.  retaining-ring  tires  are  set, 
bored,  grooved  on  both  sides  and  removed  in  3%  hours. 


These  times  are  very  often  bettered,  which  decreases  a  little  on 
the  time  of  boring. 

To  keep  up  this  service  the  operator  must  have  four  or  five  help- 
ers. When  I  have  finished  a  tire  it  is  taken  off  by  two  helpers  and 
another  which  is  being  held  within  10  ft.,  by  two  others,  is  dropped 
on  this  one  and  hoisted  on  the  machine.  This  keeps  four  men  busy 
taking  the  finished  work  away  and  keeping  rough  work  ready.  The 
helpers  come  to  my  machine  when  the  cut  is  almost  through  the 
tire,  so  in  this  way  no  time  is  lost.  We  have  eight  or  ten  rough 
tires  standing  along  the  wall  within  100  ft.  so  that  we  have  our 
stock  close  to  us.  The  helpers  roll  these  in  from  the  stock  of  tires 
outside  the  shop  in  the  interval  between  the  removal  of  a  finished 
tire  and  the  boring  of  the  following  one. 

A  shop  using  these  modern  machine  tools  should  be  very  careful 
to  keep  plenty  of  helpers,  as  the  increased  output  depends  to  no 
small  degree  on  the  help  furnished  to  their  skilled  help.  I  manage 
to  keep  four  men  continually  "on  the  jump"  from  7  A.  M,  to  5 
P.  M.  Their  time  is  constantly  used,  so  that  there  is  no  loss  from 
their  services.  This  work  is  performed  in  machine  shop  No.  1, 
locomotive  department,  New  York  Central  &  Hudson  River  Rail- 
road, at  West  Albany,  N.  Y. 

Hoping  that  this  will  prove  of  interest  to  your  readers,  I  respect- 
fully submit  the  same.  Albert  H.  Reese, 

No.  19  North  Lexington  Avenue, 
Albany,  N.  Y. 

ENGINEER  MAKES  FIFTY  DOLLARS    A  MINUTE. 


There  is  a  little  story  connected  with  the  record-breaking 
run  of  the  Lowe  special  over  the  Sante  Fe,  Chicago  to  Los 
Angeles,  in  less  than  53  hours,  which  is  not  generally  known. 

It  is  related  that  Mr.  Lowe  offered  the  engineer  who  hauled 
the  train  from  San  Bernardino  to  Los  Angeles — on  the  home- 
stretch of  sixty  miles — the  sum  of  fifty  dollars  a  minute  for 
every  minute  gained  over  the  schedule.  Engineer  Warboy 
turned  the  wheels  at  a  fifty-second  clip  for  each  mile  to  Pasa- 
dena, but  had  to  slow  down  in  the  suburbs  of  Los  Angeles.  He 
pulled  into  La  Grande  station,  Los  Angeles,  just  sixty-two 
minutes  after  leaving  San  Bernardino,  gaining  nine  minutes 
on  the  whirlwind  schedule  and  thereby  earning  $450  extra  pin 
money. 

The  Sante  Fe  passenger  department  will  soon  publish  a 
pamphlet  giving  full  details  of  the  swift  flight  of  the  Lowe 
special,  which  in  several  instances  exceeded  ninety  miles  an 
hour.  An  average  of  nearly  43  miles  an  hour  was  maintained, 
in  the  face  of  having  to  cross  four  high  ranges  of  the  Rockies, 
and  with  little  previous  selection  of  engines  or  crews. 


KNEW  ALL  BUT  ONE   THING. 


The  professor  of  mechanics  at  an  English  college  once  gave 
a  lecture  upon  the  locomotive,  and  was  particularly  struck  by 
the  absorption  of  one  juvenile  listener.  He  spoke  to  the 
student  after  the  lecture,  and  asked  him: 

"Well,  I  suppose  you  understand  all  about  the  locomotive 
now?" 

"Yes,"  was  the  reply,  "all  but  one  thing." 

"And  what  is  that?"  said  the  professor  kindly. 

"I  can't  make  out  what  makes  the  locomotive  move  without 
horses." 


The  Gold  Car  Heating  and  Lighting  Company  announce  the  fact 
of  the  decision  of  the  Privy  Council  of  England  that  the  Gold 
steam  hose  coupler  does  not  infringe  on  the  Consolidated  Car  Heat- 
ing Company's  (Sewall)  patent.  This  case  was  decided  against 
the  Consolidated  Company  in  the  Canadian  courts  and  was  appealed 
by  them  to  the  higher  court  of  England,  where  the  final  decision 
was  rendered  in  favor  of  the  Gold  Company.  This  long  and  ex- 
pensive litigation,  therefore,  has  resulted  in  a  victory  for  the  Gold 
Company.  


Steam  turbines  have  entered  the  field  of  marine  propulsion 
with  a  vigor,  which  promises  a  revolution  in  this  practice. 
Three  new  turbine  steamers  are  now  under  construction  for 
English  Channel  service  and  a  new  long  distance  ship  of  18 
knots  is  building  for  service  between  Great  Britain  and  New 
Zealand.  If  this  ship  is  as  successful  as  the  earlier  turbine 
steamers,  it  will  be  but  a  short  step  to  the  application  of  tur- 
bines to  transAtlantic  service,  and  this  will  settle  the  question 
of  general  adoption. 
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NEW    PASSENGER    LOCOMOTIVE. — riTXSIiUKOH    &    LAKE    ElUE     UAILUOAI)   4-4-2   TVI'E. 
L.   II.    Tl'RNER,    SUPERINTENDENT   OF    MOTIVE   POWER.  AMERICAN    LOCOMOTIVE   CO..    SCIIENKCTAOY    WORKS,    nUILUERS. 


NEW     PASSENGER    LOCOMOTIVES.    PITTSBURG     AND 
LAKE    ERIE    RAILROAD, 


4—4^2  Type. 


This  roail  has  received  five  passenger  locoinotives  from  the 
Schenectady  Worlcs  of  the  American  Locomotive  Company, 
of  which  the  general  appearance  is  shown  in  the  accompany- 
ing engraving.  These  engines  are  equipped  with  the  Davis 
counterbalance  and  with  Allen-American  balanced  slide 
valves.  A  notable  feature  is  the  very  large  tender,  having 
a  capacity  of  8,400  gals.  The  water  spaces  around  the  firebox 
are  unusually  wide,  being  4'/^  and  5  ins.  all  around.  There 
seems  to  be  a  tendency  toward  increasing  the  spaces  for 
v.'ater  around  the  firebox,  which  is  a  commendable  improve- 
ment. Ratios  and  the  leading  dimensions  are  given  in  the 
following  tables: 

Ratios. 

Heating  surface  to  cylinder  volume —  , 3.11 

Tractive  weight  to  heating  surface = 32.64 

Tractive  weight  to  tractive  effort = 3.9 

Tractive  effort  to  heating  surface = 83. G 

Heating  surface  to  grate  area = 63.9 

Tractive  effort  X  diameter  drivers  to  heating  surface  = 602.  ' 

Heating  surface  to  tractive  effort = 11.9% 

Total  weight  to  heating  surface = 57.12 

General  Dimensions. 

Gauge    4  ft.  8V2    ins. 

Fuel    Bituminous   coal 

Weight  in  working  order 168.000  lbs. 

Weight  on  drivers 96.000    lbs. 

Weight  engine  and  tender  In  working  order 313,000  lbs. 

Wheel  base,  driving 7  ft. 

Wheel   base,    rigid 7    ft. 

Wheel  base,  total 26  ft.  11  ins. 

Wheel  base,  total,  engine  and  tender. 56  ft.  11%  Ins. 

Cylinders. 

Diameter  of  cylinders   20   ins. 

Stroke   of   piston    26    ins. 

Horizontal  thickness  of  piston   5  ^    Ins. 

Diameter  of  piston  rod    3  %    Ins. 

Size  of  steam  ports   18  i  1  %    Ins. 

Size  of  exhaust  ports   18  x  3  ins. 

Size  of  bridges    1  %    Ins. 

Valves. 

Kind  of  slide  valves   ; Allen  American 

Greatest  travel   nf  slide  valves 6    Ins. 

Outside  lap  of  slide  valves   1%   ins. 

Lead  of  valves  in  lull  near.   Line  and  line  ford,   \4-ln.  lead  at  6-in.  cut-ott 
Wheels.  Etc. 

Diameter  of  driving  wheels  outside  of  tire 72  Ins. 

Thickness  of  tire    3  ins. 

Diameter  and  length  of  driving  journals.  .  .  .9%  ins.  diameter  x  12  ins. 
Diameter  and  length  of  main  crankpln  journals. 

Main  side,  7  x  4^4  Ins.,  6  Ins.  diameter  x  6%  Ins. 
Diameter  and  length  of  side-rod  crankpln  journals. 

Front.  4%  ins.  diameter  x  4  Ins. 

Engine  truck,  journals   6  Ins.  diameter  x  12  ins. 

Diameter  of  engine  truck   wheels    33    ins. 

Boiler. 

Style Straight 

Outside  diameter  of  flrst  ring 68%   ins. 

V/orking  pressure    200    lbs. 

Thickness  of  plates  in  barrel  and  outside  of  firebox.  .11-16,  %  and  %  in. 

Firebox,    length    inside    102    Ins. 

Firebox,   width 65%    ins. 

Firebox,  depth Front,  76^  Ins. ;    back,  62%  Ins. 

Firebox  plates,  thickness: 

Sides.   %   in.  ;    back,   %  in.:    crown.  7-16  In.:    tube  sheet.  %  In. 
Firebox,  water  space  : 

4i,<.   and  5  Ins.  front,  4%  and  5  Ins.  sides.  4%  and  5  Ins.  back 

Firebox,  crown  staying Radial.  1%   ins.  diameter 

Firebox,  staybolts   Ulster  spec,  iron,  1   in.   diameter 

Tubes,  number    330 

Tubes,  diameter 2  ins. 

Tubes,  length  over  tube  sheets 16  ft. 

Firebrick,  supported  on 3-ln.   tubes 

Heating  surface,  tubes 2,750.2  sq.  ft. 

Heating  surface,  water  tubes 24.41  sq.  ft. 

Heating  surface,  firebox 168.85  sq.  ft. 

Heating  surface,  total 2.941.46  sq.  ft. 


Grate  surface    48.27   sq.    ft. 

Exhaust  nozzles   4%,  5  and  SVi   Ins.  diameter 

Smokestack,  Inside  diameter 18  In". 

Smokestack,  top  above  rail   14  ft.  9%   Ins. 

Tender. 

gtyle   U  level  top 

Weight,  empty   53,400  lbs. 

Wheels,    number    UV  1' 

Wheels,  diameter ;  '•  •    ,5  .' 

.Journals,  diameter  and  length 5%  1ns.  diameter  x  10    ns. 

Wheel  base    •  • -19   "■   5   Ins. 

Water  capacity   8,400  U.  S.     gals. 

Coal    capacity    '■°   "°' 


BOOKS. 


Earthwork  and  Its  Cost.     By  Uulbert  Vo^vcrss  Gillette.     2.34  piisp.s. 

EuRineerin;,'   News    Publishing   Company,   220   Broadway,    New 

York.     1003.     Price  if2. 

This  book  of  234  pages  takes  up.  with  considerable  care,  the 
subject  specified  by  the  title.  The  table  of  contents  well  indicates 
its  scope:  Earth  shrinkase,  earth  classification,  cost  of  loosening 
,nnil  shoveling,  cost  of  dumping,  spreading  and  rolling,  are  the 
I'bjects  of  several  chapters.  The  separation  of  cost  into  its  ele- 
ments is  not  new.  but  the  subject  is  covered  much  more  completely 
here  than  in  any  former  single  publication  at  least.  The  subjects 
I  if  costs  by  wheelbarrows  and  carts,  by  wagons,  by  elevating  graders 
and  by  cars  cover  good  ground,  not  occupied,  apparently,  by  any 
rvevious  work  of  this  character.  Trenching  for  pipe  laying  and 
sewer  construction  are  touched  upon,  as  are  also  the  cost  of  hy- 
draulic excavation  and  of  dredging,  together  with  a  chapter  in 
raiscelliineous  cost  data.  In  the  appendix  there  are  what  are  prac- 
tically short  chapters  on  earthwork  computation,  and  on  overhaul 
diagrams,  together  with  other  matters  of  smaller  scope.  A  very 
large  amount  of  work  has  been  done  in  compiling  this  information 
and  in  its  arrangement.  It  is  doubtless  true  that  many  contractors 
do  not  estimate  the  items  of  work  in  sufficient  detail,  and  it  goes 
without  saying  that  many  engineers  are  inefficient  in  estimating 
cost.  The  author,  on  the  other  hand,  seems  a  trifle  pessimistic  and 
polemic  in  his  views  and  treatment  of  affairs  in  this  direction: 
many  engineers  are  in  the  habit  of  separating  the  items  of  cost  of 
construction  in  far  greater  detail  than  is  indicated  in  this  treatise. 
It  is  easy  to  criticise  anything,  this  book  included,  but  it  never- 
theless is  a  desirable  contribution  to  engineering  literature,  and 
should  prove  of  value  to  almost  any  engineer  dealing  with  con- 
.struction  problems. 


Swing  Bridges.     By  "Loidis."     Railway  Series  of  Text  Books  and 
Manuals   bv  Railwav   Men  for  Railway  Men.     Published  by 
the   Railway   Engineer.   3   Ludgate   Circus   Buildings,   fc.    C 
London,  England.     Price.  5  shillings. 
This  little  book,  which  is  No.  3  of  the  Railway  Series  of  Text 
Books  and  Manuals  by  Railway  Men  for  Railway  Men,  treats  of 
plate  girder  swing  bridges  of  short  spans  and  gives  the  computa- 
tions actually  made  in  the  design  of  several  existing  structures  of 
this  type.     It  also  includes  a  detailed  description  of  the  methods 
used  in  operating  a  number  of  such  bridges,  and  several  modes  of 
computing  moments  and  shears  in  continuous  girders  are  discussed 
in  the  appendices.    The  author  has  economized  space  so  thoroughly, 
however,  that  it  is  difficult  to  follow  all  his  steps;    for  example, 
included  in  the  computations  are  several  complicated  diagrams,  but 
what  they  represent  is  left  to  the  imagination.     Except  for  this 
defect   the  book  is  well   written,  and  on  the  whole  is  worthy  of 
being  placed  in  the  library  of  bridge  engineers. 
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MOTOR-DRIVEN    MACHINE   TOOLS. 


-interesting   applications   of  electric   driving   to   milling 
Machines. 


In  no  class  of  machine  tools  does  the  application  of  individual 
electric  driving  contribute  more  to  efficient  and  economical 
operation  than  in  the  case  of  the  milling  machine.  The  nature 
of  the  service  usually  imposed  upon  the  milling  machine  is  so 
widely  variable  and  embraces  such  a  large  range  of  spindle 
and  feeding  mechanism,  that  it  is  absolutely  impossible  to  in- 
telligently provide  for  them  beforehand;  but  In  driving  with 
variable-speed  motors,  in  connection  with  properly  selected 
gearing  changes,  large  speed  ranges  are  made  possible  with 
which  to  obtain  to  the  fullest  extent  the  benefits  of  modern 
machine  processes  and  the  new  high-speed  tool  steels.  Indi- 
vidual driving  is  rapidly  coming  into  favor  for  use  upon  mill- 
ing machines,  for  reason  of  the  many  advantages  to  be  gained 


FIG.     1. VARI.MiLESPEED     DRIVE     FOR     A     UNIVERS.\L     MILLING      .MA- 

CUINE,    .\LL    PABIS    ENCLOSED CINCINN.VTI    MILLING     MA- 
CHINE   COMPANY OBOCKEB-WHEELER    MOTOB. 

thereby,  as  may  be  observed  from  the  interesting  examples  of 
motor-driving  applied  to  milling  machines  of  some  of  the 
foremost  and  most  progressive  builders,  as  illustrated  below. 

Fig.  1  illustrates  a  very  compact  and  commendable  arrange- 
ment of  individual  electric  driving  that  has  recently  been  ap- 
plied to  the  well-known  geared-feed  milling  machine  built  by 
the  Cincinnati  Milling  Machine  Company,  Cincinnati,  0.,  In 
which  a  variable-speed  form  of  motor  has  been  used.  The  drive 
is  furnished  by  a  7'^-h.p.  semi-enclosed  direct-current  motor, 
built  by  the  Crocker-Wheeler  Company.  Ampere,  N.  J.,  which 
operates  for  its  speed  control  upon  the  4-wire  multiple-voltage 
system.  The  speed  changes  are  obtained  by  means  of  a  12- 
point  Crocker-Wheeler  multiple-voltage  controller,  which  gives 
six  speeds  by  fundamental  voltages  and  six  by  resistances, 
making  12  speeds  available  in  all. 

The  location  of  the  motor  directly  over  the  machine  is  the 
most  desirable,  as  it  allows  the  drive  for  the  spindle  to  be  ap- 
plied to  the  best  advantage— that  is  between   the  bearings, 


without  increasing  the  floor  space  occupied  by  the  machine. 
A  Morse  rocker-joint  silent  chain  is  used  for  the  drive  instead 
of  a  belt,  the  short  distance  between  centres  of  the  motor  shaft 
and  tool  spindle  making  a  belt  connection  almost  prohibitive 
on  account  of  the  excessive  tension  required  producing  needless 
waste  of  power  in  friction.  In  its  operation  the  chain  is  noise- 
less and  positive,  and  the  pull  exerted  between  the  shaft  and 
spindle  is  only  that  necessary  to  transmit  the  power.  The 
sprockets  and  chain  are  entirely  enclosed  in  a  light,  removable 
cast-iron  casing  which  protects  the  chain  and  sprockets  from 
chips  and  dirt,  prevents  the  throwing  of  oil  at  high  speeds  and 
prevents  injury  to  the  operator. 

This  tool,  having  been  built  for  taking  heavy  cuts  in  iron,  is 
of  substantial  proportions  and  required  a  7%-h.p.  motor.  It 
is  provided  with  a  powerful  and  positive  feed-changing  mechan- 
ism covering  an  exceptionally  wide  range,  the  gear  combina- 
tions of  which  may  be  instantly  changed  without  stopping  the 
machine.  There  are  16  feeding  speeds,  all  of  which  are  plain- 
ly indicated  by  raised  figures  immediately  over  the  feed  lever. 


2. — CONSTANT-SPEED    DRIVE    FOR    A    UNIVERSAL    MILLING 

CHINE  USING  CHANGE  GEARS  FOE  SPEED  CHANGES — BROWN 

&  SHABPE   MFG.  CO. GENERAL  ELECTRIC   MOTOR. 


The  table  has  a  34-inch  automatic  longitudinal  movement  and 
a  9-inch  cross  and  20-inch  vertical  hand-operated  movement; 
36  driving  speeds  are  available,  by  means  of  the  double  back- 
gear  arrangement.  There  is  a  4  to  1  speed  reduction  with  the 
direct-drive,  while  with  the  back-gear  in  action  a  12  to  1  or  a 
28  to  1  reduction  is  available.  The  highest  possible  speed  of 
the  spindle  is  278  revolutions  per  minute  and  the  lowest  14. 

The  height  to  the  top  of  the  motor  is  85  ins.  and  the  floor 
space  required  by  the  machine  is  77  ins,,  back  to  front,  and 
106  ins.,  left  to  right,  to  allow  the  full  extent  of  the  longitudinal 
feed.  The  hand  wheel  shown  on  the  extension  of  the  motor 
shaft  beyond  the  chain  casing,  is  provided  in  order  that,  with 
the  current  cut  off.  the  motor  may  be  rotated  by  hand  suffi- 
ciently to  permit  the  teeth  to  intermesh  when  changing  the 
back-gear  combinations.  It  will  be  noticed  that  the  web  of 
the  wheel  is  made  solid  to  eliminate  the  chance  of  catching  the 
flngers  of  any  one  working  about  the  motor  while  it  is  running. 
This  same  element  of  precaution  to  protect  the  workman  will 
be  recognized  as  an  excellent  feature  that  Is  extended  to  the 
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entire  machine,  all  gears  and  moving  parte  being  carefully  en- 
closed. 

Tile  arrangemeuL  ol'  Uriviug  illustrated  in  Kig.  Z  is  an  ex- 
ceedingly interesting  application  on  account  of  its  compactness, 
as  well  as  neatness  and  ease  of  handling.  The  milling  machine 
shown  in  this  case  is  the  No.  3  universal  milling  machine,  built 
by  the  Brown  &  Sharpe  Manufacturing  Company,  Providence, 
R.  I.,  one  of  which  was  equipped  as  shown  for  use  in  the  ma- 
chine shops  at  the  Mare  Island  Navy  Yard.  The  drive  is  from 
a  2-h.p.  alternating-current  3-phase  induction  motor,  built  by 
the  General  lilectric  Company,  Lo  operate  upon  a  voltage  of 
220-volts  at  a  speed  of  1,800-rev.  per  min.  Particular  attention 
should  be  given  the  neat  arrangement  of  the  motor  supporting 
plate;  the  necessity  of  casting  a  projection  upon  the  base  of  the 
milling  machine  has  here  been  obviated  by  the  use  of  a  sep- 
arate bedplate  for  the  motor,  which  is  merely  lapped  over  and 
bolted  to  the  base  of  the  machine;  this  greatly  cheapens  the 
cost  of  the  motor  attachment  to  the  machine,  as  such  a  motor 
arrangement  is  thus  applicable  to  any  milling  machine  by 
merely  bolting  on  a  motor  bed-plate. 

The  spindle  is  driven   from  the  motor  by  a  silent  driving 


FIG.       3. CONSTANT-SPEED       DRIVE       BECKEB-BILVINABD       UNI\EKS;U. 

MILLING   MACHINE  WITH   CONE   PULLEYS — STURTEVANT  MOTORS. 

chain,  in  the  gear  case  shown,  and  then  through  change  gear- 
ing to  another  chain  running  on  a  sprocket  directly  on  the 
spindle  of  the  machine.  The  change  gearing  device  in  the  base 
of  the  machine  for  varying  spindle  speeds  is  unusually  simple 
and  efficient.  The  changes  are  made  by  the  simple  adjustment 
of  the  lever  and  a  sliding  knob  shown  on  the  plate  at  bottom 
of  machine.  To  obtain  any  required  spindle  speed  the  lever 
is  first  unlatched  and  dropped  down  as  far  as  it  will  go;  the 
sliding  knob  is  then  moved  along  until  it  is  over  the  column  in 
the  speed  plate  containing  the  required  speed.  The  lever  is 
then  unlatched  and  moved  up  as  far  as  it  will  go,  when  the 
latch  will  drop  into  the  proper  hole  and  the  gearing  is  properly 
meshed  for  the  speed.    One  great  advantage  of  this  form  of 


construction  is  that  it  enables  the  use  of  any  standard  con- 
.slant-speed  motor,  by  the  use  of  which  the  full  capacity  of  the 
motor  is  at  all  times  available.  The  feeding  mechanism  is 
driven  directly  from  the  main  spindle  by  a  chain  and  sprocket 
wheels,  as  is  clearly  shown  in  the  engraving.  Fig.  2. 

Fig.  3  presents  a  view  of  an  interesting  constant-speed  drive 
for  this  type  of  machinery.  This  tool  is  the  No.  2  new  model 
of  universal  milling  machine,  built  by  the  Becker-Brainard 
Milling  Machine  Co.,  one  of  which  was  thus  arranged  tor  the 
U.  S.  Government  for  use  on  shipboard.  The  motor  used  Is  a 
Sturtevant  variable-speed  motor,  and  is  mounted  upon  an  ex- 
tension bed-plate,  to  which  the  milling  machine  is  bolted.  The 
drive  is  in  this  case  by  belt  to  a  small  counter-shaft,  which  is 
mounted  above  the  machine's  column  by  brackets,  as  shown. 
Tnis  counter-shaft  carries  a  cone  pulley  to  correspond  with  the 
spindle  cone.  Six  changes  of  speed  are  available  from  the 
motor,  so  that,  with  the  4  cone  changes  and  the  back  gear,  48 
spindle  speeds  are  afforded. 

This  milling  machine  is  the  new  model  with  positive  geared- 
feeds,  which  has  only  recently  been  developed  by  the  Becker- 


4. CONSTANT-SJPEED  DRI\T2  HENDr-NOBTON    UNIVERSAL   XllLLlNU 

.  MACHINE  wren  BOTH  CHANGE  GEABS  AND  CONE  PULLETS 
NORTHERN    ELECTRIC    MOTOR. 


Brainard  Company.  The  gear  combinations  in  the  feed  box 
permit  of  20  chajiges  of  feeding  speed  for  each  spindle  speed, 
which,  by  virtue  of  the  easiness  of  changing,  enables  this  ma- 
chine to  meet  every  possible  demand  for  universal  milling 
work. 

A  noticeable  feature  of  this  motor  application  is  the  arrange- 
ment of  the  wiring.  The  main  switch  and  starting  box  are 
safely  mounted  upon  the  rear  of  the  column  out  of  the  way 
of  harm  and  yet  within  easy  i'each  at  all  times.  The  wires  are 
carried  down  to  the  motor  in  an  iron  pipe  conduit  for  safe- 
guard— ^this  is  a  point  too  often  overlooked.     This  arrange- 
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ment  merits  careful  eonsideratioii  for  the  many  commendable 
features. 

The  motor  drive  upon  the  milling  machine  illustrated  in 
Fig.  4  is  probably  unrivalled  for  compactness  in  the  class  of 
drives  retaining  the  cone  pulleys  and  belts.  This  machine  is 
the  No.  2  universal  milling  machine,  built  by  the  Hendey  Ma- 
chine Company.,  Torrington,  Conn.,  which  is  well  known  (or 
the  interesting  Norton  system  of  mounted  gearing  that  has 
been  applied  to  its  feeds  (as  described  on  page  373  of  our  Octo- 
ber issue),  as  well  as  its  many  other  labor-saving  features. 
The  motor  used  upon  this  miller  (the  No.  2),  is  a  1-h.p.  en- 
closed direct-current  motor,  built  by  the  Northern  Electrical 
Manufacturing  Company,  Madison,  "Wis.  For  their  larger  size 
(the  No.  3)  miller,  the  Hendey  Company  apply  a  2-h.p.  motor 
for  driving. 

Economy  of  floor  space  is  secured  in  this  drive  by  mounting 
the  motor  on  a  substantial  bracket  fastened  directly  to  the  solid 
housings  of  the  milling  machine.  The  armature  shaft  of  the 
motor  carries  two  rawhide  pinions  of  different  diameters  mesh- 
ing into  the  two  large  gears  on  the  back  gear  shaft,  which  car- 
ries the  upper  cone  pulley.  This  gearing  is  properly  propor- 
tioned to  give  the  required  speeds  to  the  back-geared  shaft,  per- 
forming  in   full   functions   of 

the     two-speed     countershaft  

drive. 

The  large  gears  run  freely 
on  their  shaft  and  their  inner 
surfaces  are  formed  like 
friction  pulleys,  between 
which  and  keyed  to  but  slid- 
ing on  the  shaft,  is  the  fami- 
liar type  of  friction  cluthch; 
this  is  thrust  into  connection 
with  either  gear  as  desired  by 
the  upper  shipper  rod  run- 
ning through  the  hollow  back- 
gear  shaft,  and  operated  by 
the  lever  shown  at  the  front 
of  the  bracket.  All  the  de- 
sired changes  of  speeds  are 
thus  transmitted  to  thi 
spindle  of  the  milling  ma 
chine,  although  still  allowint 
the  motor  to  run  at  a  constant 
speed,  maintaining  at  all 
times  its  maximum  efficiency. 
The  upper  half  of  the  brac- 
ket carrying  the  motor  has 
a    short    vertical     movement 

in  its  base,  controlled  by  a  cam  shaft  operated  by  the  lever 
shown  under  the  starting  box.  In  order  to  shift  the  driving 
belt  from  one  step  of  the  cone  to  another  the  motor  bracket 
is  lowered  by  the  cam  shaft,  thus  relieving  the  tension  on  the 
belt,  and  after  the  belt  is  changed  it  is  quickly  tightened  by 
the  same  means,  and  the  bracket  is  locked  in  place. 

An  interesting  arrangement  of  driving  is  shown  in  Fig.  5,' 
upon  a  milling  machine  of  the  horizontal  or  planer  type.  This 
tool  is  the  No.  6  slab  milling  machine,  built  by  Bement,  Miles 
&  Co.,  Philadelphia,  Pa.,  which  was  recently  equipped  Ih  this 
manner  for  the  Altoona  shops  of  the  Pennsylvania  Railroad. 
It  is  a  large  tool,  having  a  distance  between  uprights  of  37% 
ins.  and  a  maximum  distance  of  the  spindle  centre  above  the 
table  of  30  ins.,  and  is  intended  for  the  heaviest  classes  of  service. 
The  drive  Is  particularly  interesting  in  that  3  motors  are 
used,  one  for  the  spindle,  one  for  the  feeds  and  the  third  for 
elevating  the  crossrail.  The  main  motor,  operating  the  spindle 
drive,  is  a  25-h.p.  direct-current  motor,  operating  at  variable- 
speeds  by  field  control;  this  motor  is  not  visible  in  the  view, 
being  located  behind  the  tool.  The  table  feed  motor  is  a  5-h.p. 
direct-current  machine,  shown  at  the  right,  behind  the  gearing 
box.  This  motor  operates  at  variable-speeds  by  field  control,  and 
also  Is  assisted  in  varying  the  speeds  by  the  gear  box  shown 


in  front  of  it;  this  permits  a  very  wide  range  of  table  feeds  to 
accommodate  all  classes  of  service.  The  crossrail  is  elevated 
and  lowered  by  a  3-h.p.  constant-speed  direct-current  motor 
located  on  the  top  of  the  uprights,  as  shown.  All  three  of  the 
motors  used  in  this  equipment  are  standard  direct-current  mo- 
tors, built  by  the  General  Electric  Company,  Schenectady,  N.  Y. 


HOW    OLD  IS  THE    DUTCH  ENGINE? 

An  English  engine  is  24  years  old.  The  English  engine  is 
twice  as  old  as  the  Dutch  engine  was  when  the  English  engine 
was  as  old  as  the  Dutch  engine  is  now.  How  old  is  the  Dutch 
engine?  ,  ' 


FIC.    S'. — COMPLEX-DKIVE    FOR    A    BEMENT-MILES    SLAB      MILLING     MACHINE.  WITH      SEPARATE 

MOTORS    FOB    SPINDLE,    T.VBLE    FEEDS    AND    ELEVATING   CROSS   RAIL.      GENERAL  ELECTRIC   JIOTORS. 


TESTS  OF  HOLLOW  STAYBOLTS. 

Among  a  number  of  records  of  tests  of  hollow  staybolts,  made 
at  the  testing  laboriitories  of  McGill  Univer.sity,  the  following  are 
selected  as  being  a  representative  of  the  material,  when  tested  in 
the  solid  and  hollow  form  : 

M"GILL     UNIVERSITY     TESTING     LABORATORIES,     MONTREAL,     CANADA. 

Report  of  results  of  tensile  test  of  one  specimen  of  solid  staybolt 
iron  from  the  Falls  Hollow  Staybolt  Company,  Cuyahoga  Falls, 
Ohio.  U.  S.  A.     For  Mr.  John  Livingstone,  Montreal,  Canada. 

SPECIMEN SOLID. 

Dimensions    1   i°; 

Yield  point  in  lbs.  per  sq.  in ?„'T2R 

Ultimate  strength  in  lbs.  per  sq.  in oq  o2 

Per  cent,  of  elongation  in  8  ins So,? 

Per  cent,  of  reduction  of  area 56.44 

SPECIMEN HOLLOW,   1    IN.    X   3-16  IN. 

Dimensions  in   inches    • n^Jcoo 

Yield   point   in   lbs.   per  sq.    in fl' 5on 

Ultimate  strength  in  lbs.  per  sq.   in '^a^ 

Per  cent  of  elongation    in    8    ins gj-° 

Per  cent,  of  reduction  of  area   °^'' 


Mr.  R.  H.  Soule  has  opened  an  office  in  the  Astor  Court  Build- 
ing, 20  West  34th  street.  New  York.  His  friends  will  all  re- 
joice with  us  that  he  is  restored  to  health  and  ready  for  active 
work  again.  He  will  continue  his  consulting  engineering  prac- 
tice, which  he  has  not  entirely  dropped  during  his  long  illness. 
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A  NEW   DESIGN   OF   MOTOR    DRIVING  FOR  A     TRA- 
VERSE   SHAPER. 


AMSRICAN    LOCOMOTIVES   IN   FOREIGN    COUNTRIES 


Cincinnati  Shapeb  Company. 


The  accompanying  engraving  illustrates  a  novel  arrange- 
ment of  motor  driving  that  has  been  applied  to  an  18-inoh 
by  14-t'oot  double-head  traverse  shaper,  recently  built  by  the 
Cincinnati  Shaper  Co.,  Cincinnati,  O.,  for  the  new  works  of 
the  Locomotive  and  Machine  Co.  of  Montreal,  Canada.  An 
arrangement  for  independently  driving  each  shaper  head  at 
any  point  upon  the  bed,  with  a  movable  bearing  support  for 
the  two  splined  driving  shafts,  is  used,  which  involves  interest- 
ing and  novel  features. 

Two  motors  are  used,  as  is  usual  upon  traverse  shapers  of 
this  type,  one  being  used  for  the  independent  drive  of  each 
head.  The  motors  are  the  new  Westinghouse  type-S  variable- 
speed  direct-current  motors,  operating  upon  the  ordinary  three- 
wire  system,  and  are  rated  at  a  capacity  of  3  and  6  h.p.  with 
the  two  standard  voltages  of  115  and  230  volts,  respectively. 
The  drive  is,  in  each  case,  direct  through  a  large  gearing  re- 
duction to  the  splined  driving  shaft  at  the  rear  of  the  bed, 
from  which  shaft  the  drive  for  the  traversing  shaper  head  is 
taken.  In  addition  to  the  variations 
of  speed  furnished  by  the  motor 
speed-control  system,  another  run 
of  speeds  is  provided  for  by  the 
usual  back  gear  attachment,  which 
is  located,  as  shown,  alongside  of 
the  large  gear  wheel  upon  the  end 
of  the  splined  shaft. 

There  are  two  of  the  splined  driv 
ing  shafts,  one  for  each  shaper 
head  and  extending  the  entire 
length  of  the  bed — this  being  to 
permit  the  heads  to  operate  at  any 
point  along  the  length  of  the  bed. 
A  stationary  middle  bearing  for  the 
two  driving  shafts  was,  of  course, 
prohibited,  but  a  bearing  was  found 
necessary  at  the  middle  on  account 
of  the  length  of  the  shafts.  This 
was  provided  for  by  a  movable 
rest-bearing  at  the  middle,  as 
shown,  which  permits  either  saddle 
to  pass  it  in  either  direction  when 
traversing  past  the  middle.  The 
operation  of  this  mechanism  is 
evident   .from    the   illustration — as 

the  saddle  passes  the  middle  it  depresses,  by  means  of  a 
roller,  a  frame  carrying  the  rest-bearing  for  the  two  shafts 
several  inches  so  as  to  permit  the  saddle  to  pass.  This  frame 
is  ordinarily  held  up  to  provide  bearing  for  the  shafts  by  the 
counterweight  shown  behind  the  motor. 

This  tool  is,  in  other  respects,  the  standard  traverse  shaper 
of  the  Cincinnati  Shaper  Co.,  with  independent  feeds  for  each 
head  operating  with  the  saddle  at  any  point  upon  the  bed. 
Each  saddle  has  a  travel  of  118  inches,  giving  a  maximum 
distance  between  tools  of  144  inches,  and  a  minimum  distance 
of  26  inches.     The  weight  of  the  tool  complete  is  14,000  lbs. 


That  much  of  the  criticism  of  American  locomotives  in  for- 
eign countries  has  been  ill  considered  and  unfair  has  been 
apparent  to  those  who  are  in  position  to  know  the  facts.  In 
the  matter  of  repairs  a  report  now  comes  to  us  through  the 
remarks  of  Mr.  F.  H.  Trevithick  in  a  discussion  before  the 
Institution  of  Civil  Engineers  (England;,  which  is  gratifying. 
In  his  discussion  of  Mr.  P.  W.  Webb's  paper  on  locomotive 
firebox  stays  Mr.  Trevithick  presented  the  following  tabulated 
statement: 

Total 

Mllt.'age  Average 

Date           to  End  ot  Total  Mileage 

ot  Con-          March,  Stays  Stays 

No.        Maker.                         structlon.          1902.  Replaced.  Replaced. 
Goods. 

20     Baldwin     1898          2,068.143  'l  2,068,145 

10      Neilsou    1808             789,599  201  3,928 

l.'j     Pranco-Uelgo     1898          1,311,189  1,849  709 

15     Maroinelle     1898-99          1,088,603  2,343  464 

10     La  Meuse    1899             625,380  3,111  201 

lu     Haine   St.    Pierre....        1899             611,416  3,405  179 
Passenger. 

12      Neilson     1899          4.185,842  2,831  1,482 

52     France-Beige     1890-95        14,074,623  4,592  3,065 

♦(This    solitary    stay    had    to   be    replaced  on    account  of   defective 
thread  in  the  plate,  not  for  any  defect  In  itself.) 

The  boiler-pressure  in  the  instances  selected,  with  the  excep- 


IMMENSE  EXPENDITURES  FOR  IMPROVEMENTS. 


That  the  Harriman  system  has  spent  large  sums  of  money 
in  betterments  is  well  known,  but  the  following  paragraph 
taken  from  a  published  interview  with  Mr.  J.  C.  Stubbs,  traffic 
director  of  the  system  is  surprising.     Mr.  Stubbs  said: 

"The  aggregate  expenditures  of  all  the  companies — more 
than  $400,000,000 — will  be  greatly  increased  by  appropriations 
for  worlv  now  under  way,  and  is  more  than  the  total  estimated 
expenditures  for  the  completion  of  the  Panama  Canal.  More 
than  $104,000,000  has  been  spent  within  the  last  three  years 
upon  betterments,  line  changes  and  equipment  for  the  aggregate 
Harriman  railroad  system." 


INTERESTING    ARRANOEMENT   OF   ElECTKICAI.   DBIVINO    FOB    A    UOLBLE-HEAD    TEAVEBSE    SHAPEB. — 

CINCINNATI    SHAPEB    COMPANY. 

tion  Of  the  twenty  Baldwin  engines,  was  140  lbs.  per  square 
inch.  The  Baldwin  engines  were  worked  at  160  lbs.  per  square 
inch.  Of  these  engines,  the  sixty-four  passenger  and  sixty 
of  the  goods  engines  were  of  English  type  and  design,  though 
constructed  by  different  manufacturers  (twenty-two  being 
built  by  Neilson,  sixty-seven  by  Franco-Beige,  and  thirty-five  by 
three  other  Belgian  firms),  the  remaining  twenty  were  Ameri- 
can engines  constructed  by  the  Baldwin  Co.  to  their  own  de- 
sign. The  passenger  engines,  so  far  as  the  eye  could  judge 
were  identical  in  design,  but  their  boilers  were  also  identical 
with  those  of  the  passenger  engines,  while  forty-five  goods 
engines  were  identical  one  with  the  other,  and  their  boilers 
were  also  identical  with  those  of  the  passenger  and  the  fifteen 
goods  engines,  with  the  exception  that  the  outside  firebox  shell 
was  raised  above  the  boiler  barrel.  The  American  boilers 
differed  from  the  rest,  especially  as  regarded  the  metal  used, 
the  plates  and  stays  being  made  of  mild  steel  in  lieu  of  copper. 
The  passenger  engines  and  fifty  of  the  goods  engines  had  been 
stationed  at  the  same  depot  (Boulac,  Cairo),  and  had  been  used 
respectively  on  similar  work.  Of  the  remaining  goods  engines, 
ten  had  been  stabled  at  Cabbary.  Alexandria,  and  twenty 
(Americans)  at  Tantah.  As  would  be  seen  from  the  foregoing 
table,  the  American  engines  had  totalled  2,058,145  miles  with 
one  replaced  stay,  while  the  remaining  goods  engines  had 
totalled  4,426,187  miles  with  10,909  stays  replaced,  or  one  stay 
per  405  miles;   the  passenger  engines  had  totalled  18,200,4U5 
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miles  with  7,423  stays  replaced,  or  one  stay  for  2,459  miles. 
A  study  of  these  records  brought  to  light  facts  which  merited 
the  highest  consideration,  in  order  to  find  satisfactory  reasons 
for  results  so  widely  different  between  the  British  and  the 
American  boiler,  each  typical  in  design  and  manufacture  of 
the  country  of  its  origin.  Very  varied  results  in  boilers  con- 
structed to  the  same  drawings,  conditions  and  inspection,  but 
by  different  manufacturers,  had  also  been  experienced.  The 
excellent  result  of  the  Baldwin  boiler  must,  he  thought,  be 
attributed  to  the  fact  that  only  one  metal  was  used  in  con- 
structing its  various  parts;  the  coefficient  of  expansion  and  con- 
traction was  obviated.  Such  remarkable  results  would,  he 
thought,  be  a  surprise  to  many,  and  would  lead  engineers  to 
consider  seriously  the  advisability  of  the  use  of  one  metal 
only  in  the  construction  of  boilers.  The  cause  of  so  varied  a 
life  of  firebox  stays  in  boilers  in  similar  design,  construction 
and  inspection,  and  which  apparently  had  been  worked  and 
attended  to  under  similar  conditions,  must  be  sought  for  in 
the  quality  of  the  metal  used.  He  could  not  account  for  it 
any  other  way. 


THE  "FRONT  END"    QUESTION    BEFORE   THE  TRAV- 
ELING    ENGINEERS. 


AN    IMPROVED    HEAVY-DUTY    PLANER]  FOR    RAIL 
ROAD    WORK. 


In  the  discussion  of  the  subject  of  locomotive  draft  appli- 
ances before  the  Traveling  Engineers'  Association  at  its  recent 
convention  in  Chicago,  the  usual  variety  of  opinion  as  to  the 
best  arrangement  was  exhibited.  Those  who  have  followed  the 
record  of  recent  investigation  of  this  subject  in  this  journal 
are  not  surprised  by  the  conclusion  reached  by  this  association 
to  the  effect  that  it  is  not  advisable  at  this  time  to  attempt  to 
make  definite  and  positive  recommendations.  The  traveling 
engineer  is  in  closest  touch  with  the  difficulties  connected  with 
this  problem,  and  the  action  of  the  association  is  commendable 
and  pleasing  to  those  who  are  endeavoring  to  throw  light  on 
the  proper  way  to  overcome  the  difficulties.  The  association 
passed  the  following  resolution,  and  this  expression  of  a  de- 
sire to  assist  in  the  work  gives  promise  of  valuable  co-oper- 
ation: 

"Resolved,  That  we,  the  Traveling  Engineers'  Association, 
recommended  no  special  or  definite  front-end  arrangement  at 
this  time,  but  do  recommend  that  the  facts  developed  by  the 


Cincinnati  Planer  Company. 


The  planer  illustrated  in  the  accompanying  engraving  is  the 
improved  4S-in.  planer  that  was  recently  placed  upon  the 
market  to  meet  the  demand  from  the  railroad  shops  for  a 
tool  capable  of  withstauding  the  extremely  heavy  service  im- 
posed by  the  heavy  character  of  the  work  done  there,  as  well 
as  the  use  of  the  new  high-speed  tool  steels.  This  tool  has 
much  to  commend  it  for  railroad  shop  work,  and  is  meeting 
with  approval  for  switch  and  frog  work,  as  well  as  for  general 
machining. 

The  bed  of  this  tool  is  made  unusually  deep,  tied  together 
at  short  intervals  by  extra  heavy  girths,  and  is  bored  to  re- 
ceive the  bushings  for  the  various 

bearings.     All  the  gearing  and  the     |— : 

rack  are  made  of  steel  and  aro 
placed  on  the  inside  of  the  bed,  si. 
as  to  be  thoroughly  protected  by 
the  special  covers  from  cuttings  or 
dirt  falling  into  same.  The  table 
is  extra  heavy,  and  is  braced 
throughout  by  heavy  ribs.  Long 
steel  gibs  on  each  side  prevent  the 
table  from  lifting  when  extra  heavy 
cuts  are  taken. 


The  saddle  has  almost 


The  rail  is  very  deep,  and  has 
an  extra  deep  box  brace  on 
the  back  to  give  additional  stiffness, 
double  the  usual  length  of  bearing  on  the  rail,  as  may  be  seen 
in  the  illustration.  The  overhanging  ledge  on  the  back  of  the 
saddle  is  cast  solid,  and  wear  is  taken  up  by  the  gib  on  the  top 
and  back,  thus  preventing  the  spring  that  might  occur  if  this 
rear  clamp  were  bolted  on.  The  saddles  are  made  right  and 
left,  so  that  the  heads  can  be  brought  very  close  together.  The 
pulleys  are  made  extra  wide  to  transmit  additional  power  and 
also  prevent  the  necessity  of  keeping  the  belts  unusually  tight 
to  perform  their  work. 

In  addition  to  these  special  features,  this  tool  has  all  of  the 
prominent  features  of  the  planers  made  by  this  concern,  such 
as  the  micrometer  adjustment  on  the  down  feed  screw,  and  the 
dirt-proof  table,  which  prevents  cuttings  or  dirt  getting  into 
the  ways,  yet  allowing  all  holes  to  be  drilled  clear  through  the 
table.  A  safety  locking  device  is  also  provided,  which  pre- 
vents the  table  from  starting  except  at  the  will  of  the  operator, 
and  a  combination  friction  feed  mechanism  which  insures  a 
steady  feed  at  all  times. 
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Master  Mechanics'  Association  and  by  Professor  Goss,  of  Pur- 
due University,  be  made  our  basis  for  future  work  and  re- 
search; and  further,  we  believe  the  greater  part  of  the  diffi- 
culties experienced  in  service  are  due  more  to  lack  of  system 
in  keeping  the  appliances  adjusted  so  as  to  give  the  best 
results  than  to  the  mechanism  itself." 


A  Swiss  engineer.  Mr.  Thorman,  has  made  a  report  upon  the 
advisibility  of  equipping  all  of  the  railway  lines  of  that 
country  for  electric  traction.  The  increased  cost  of  coal,  during 
the  past  few  years  and  availability  of  water  power  render  this 
idea  attractive. 


To  know  what  investments  will  pay  and  what  will  not  in 
the  matter  of  supplying  facilities  for  rapid  work  at  outlying 
or  relatively  small  shops  is  sometimes  a  difficult  question, 
and  an  important  one.  If  shops  are  too  small  to  justify  the 
expense  of  traveling  cranes  the  tendency  is  to  get  along  with 
poor  facilities,  or  none  at  all,  for  handling  driving  wheels.  In 
our  next  issue  will  be  shown  a  well  designed  drop  pit  which 
is  now  in  use  at  the  Sheridan,  Wyo.,  shops  of  the  Burlington 
&  Missouri  River  Railroad.  It  illustrates  a  simple  and  rela- 
tively inexpensive  method  of  handling  this  important  work. 
This  sort  of  equipment  must  necessarily  bring  good  returns 
on  the  investment,  particularly,  as  in  this  case,  when  the 
drop  pit  is  so  conveniently  arranged  with  reference  to  the 
machine  work  on  wheels.  It  is  fully  as  necessary  to  plan  for 
convenience  in  small  plants  as  in  large  ones,  and  in  this  case 
we  have  an  example  which  might  with  advantage  be  applied 
to  many  old  shops  which  are  now  seriously  inconvenienced  by 
lack  of  facilities  of  this  character. 
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A    REMARKABLE    LOCOMOTIVE    BOILER   EXPLOSION. 


In  this  interesting  explosion  every  ataybolt  pulled  through 
the  crown  sheet  and  not  a  single  broken  bolt  was  found.  The 
superintendent  oi  motive  power  of  the  road  on  whiih  the  acci- 
dent occurred  described  it  as  follows; 

"This  engine,  which  was  one  of  our  wide  firebox  consolida- 
tion engines,  had  recently  received  a  new  firebox  and  had  been 
running  about  a  month.  The  engineer  in  charge  was  under 
tne  influence  of  liquor  at  the  time  of  the  explosion  and,  as 
usual  in  such  cases,  he  received  no  injury  whatever.  The 
escaping  steam  blew  the  fire  out  of  the  firebox  door  and  the 
steam  and  fire  burned  the  fireman  quite  badly.  The  nine  rows 
of  staybolts  in  the  crown  sheet  were  screwed  through  the 
sheet  and  a  nut  with  a  copper  washer  between  the  nut  and 
the  sheet  on  the  fire  side.  The  sheet  was  so  hot  that  the  nuts 
were  stripped  oft  the  bolts  and  the  bolts  pulled  through  the 
sheets.  There  was  not  a  single  bolt  broken  in  the  explosion, 
nor  was  there  a  broken  bolt  to  be  found  in  the  firebox  any- 
where. The  sheet  made  a  reverse  curve  before  it  separated 
after  having  been  stripped  off  the  bolts,  and  both  edges  of  the 
sheets  were  drawn  down  to  a  knife  blade  edge,  showing  how 
hot  the  sheet  must  have  been  and  the  tenacity  of  the  metal. 
The  outer  shell  of  the  firebox  on  the  engineer's  side  was  bulged 
at  least  4  ins.  at  the  center,  and  the  strangest  part  of  the  whole 
explosion,  in  my  mind,  was  the  fact  that  directly  over  the 
crown  of  the  firebox  the  outer  shell  was  lapped.     When  these 


FROM    A    PHOTOGBAPH    OF    THE    FIREBOX. 

engines  were  built  it  was  necessary  to  use  two  sheets  in  form- 
ing the  shell  over  the  firebox;  notwithstanding  the  single 
sheet  was  bulged  on  the  right  hand,  or  engineer's  side,  at  least 
4  ins.  in  the  center,  this  double  thickness  was  pulled  down  the 
center  so  that  it  was  depressed  at  least  4  ins.  This  was  the 
interesting  part  of  the  explosion,  which  I  hoped  could  be  shown 
on  a  photograph,  but  we  could  not  make  it  show  as  it  actually 
appeared." 


ECONOMIZERS  IN  POWER  STATIONS. 


Mr.  Bdwiu  B.  Katte  in  a  paper  read  last  month  before  the 
New  York  Railroad  Club,  presented  the  subject  of  economizers 
in  a  new  way.  He  selected  conditions  representing  an  extreme 
case  which  was  not  favorable  to  the  use  of  this  apparatus,  but 
which  represented  actual  conditions  of  a  large  power  station 
having  19,200  boiler  horse-power  with  a  small  average  load,  and 
from  his  assumptions  showed  that,  considered  as  an  invest- 
ment, a  gain  of  only  $200  per  year  would  be  had  from  the  opera- 
tion of  this  apparatus.  In  summing  up  the  conclusions  of  his 
discussion,  the  author  stated  the  advantages  to  be  had  from 
economizers  in  this  case  to  consist  of  a  small  saving  in  operat- 
ing expense,  less  wear  and  tear  on  boilers,  due  to  higher  feed- 
water  temperature;  a  large  storage  of  hot  water  to  care  for  a 
sudden  increase  of  load  and  the  advantage  to  be  gained  be- 
cause of  the  fact  that  a  large  proportion  of  the  impurities  in 
the  water  would  be  thrown  down  in  the  economizer  in  the  form 
of  soft  mud  and  upon  surfaces  which  were  not  subjected  to 
high  temperatures  and  could  be  easily  cleaned.     The  disad- 


vantages of  economizers  were  the  additional  complication  of 
the  plant  by  use  of  apparatus  which  might  get  out  of  order. 

The  object  of  the  author  of  the  paper  was  to  draw  arguments 
and  information  from  the  manufacturers  and  users  of  econo- 
mizers. As  a  result,  tour  witnesses  for  the  defense  appeared 
with  carefully  considered  replies  in  the  form  of  papers.  Two 
were  by  economizer  manufacturers  and  two  by  users  of  large 
economizer  units.  At  the  end  of  the  discussion  the  matter  was 
left  in  very  much  the  same  condition  as  represented  by  Mr. 
Katte,  that  is— additional  boilers  might  as  well  be  used  in 
plants  having  relatively  small  loads  or  flat  load  curves,  but 
with  heavy  loads  and  high  peaks  the  economizer  is  beneficial 
and  offers  an  opportunity  for  a  material  saving. 

One  of  the  replies,  by  Mr.  A.  H.  Blackburn,  is  an  admirable 
study  of  economizer  arrangement,  showing  three  different 
plans  for  meeting  the  conditions  stated  by  Mr.  Katte  and  pre- 
senting net  returns  of  from  4.77  to  32.9  per  cent,  on  the  in- 
vestments, according  to  the  arrangement  of  the  economizer 
and  the  average  load  on  the  plant.  This  paper  is  too  long  to 
print  in  full,  and  it  cannot  be  presented  in  abstract. 

The  reply  by  Mr.  R.  D.  Tomlinson  recorded  results  of  testa 
upon  the  economizer  installation  in  the  74th  street  power 
house  of  the  Manhattan  Elevated  in  New  York,  and  presented 
figures  showing  a  net  return  ef  30.5  per  cent,  on  the  initial 
outlay.     This  was  an  account  of  actual  service. 

Another  reply,  from  Mr.  J.  E.  Moulthrop,  of  the  Edison  Elec- 
tric Illuminating  Company,  of  Boston,  together  with  the  au- 
thor's verbal  discussion,  indicated  that  his  company  does  not 
feel  sure  whether  or  not  it  is  advisable  to  install  economizers 
in  their  new  plant.  The  importance  of  simplicity  of  plant  in 
cases  of  emergency  was  strongly  presented. 

Taken  as  a  whole  this  discussion  brought  out  more  valuable 
information  with  respect  to  this  apparatus  than  has  been  col- 
lected before,  although  it  did  not  decide  the  question  implied 
by  Mr.  Katte  in  his  paper.  Those  interested  should  procure 
copies  of  the  proceedings  of  the  October  meeting  of  the  New 
York  Railroad  Club,  which  will  record  the  whole  matter. 


A   PLEA  FOR  LARGE  HREBOXES. 


In  an  admirable  paper  read  last  month  before  the  Western 
Railway  Club,  Mr.  T.  S.  Reilly,  associate  editor.  Railway  and 
Engineering  Revieic,  called  attention  to  the  fact  that  while  lo- 
comotive boilers  have  greatly  increased  in  size,  as  to  heating 
surface  and  grate  area,  the  proportion  of  firebox  to  total  heat- 
ing surface  had  not  been  maintained.  This  is  urged  as  an 
important  subject  for  attention  by  those  who  are  troubled  by 
firebox  leakages  and  failures.  Mr.  Reilly  presents  an  exceed- 
ingly important  suggestion  to  the  effect  that  fireboxes  should 
be  larger.  How  to  make  them  larger  is  beyond  the  scope  of 
the  paper.  In  1897  the  Master  Mechanics'  Association  recom- 
mended that  the  firebox  heating  surface  should  be  at  least 
10  per  cent,  of  the  total  heating  surface.  With  the  increase  in 
heating  surface  and  grate  area  in  proportion  of  5  per  cent,  is 
not  now  uncommon,  and  there  can  be  no  doubt  that  boiler 
troubles  have  increased  since  this  movement  began. 

Combustion  chambers  have  had  a  bad  name  in  the  past.  On 
some  accounts  they  are  not,  and  perhaps  never  will  be,  strictly 
satisfactory,  but  it  may  be  found  that  a  return  to  this  construc- 
tion will  be  necessary.  At  least  they  will  undoubtedly  give  less 
trouble  than  flue  sheets  do  now.  WTiy  would  it  not  be  a  good 
idea  to  experiment  with  combustion  chambers  in  conical  boilers 
with  plenty  of  water  space  below  and  beside  the  combustion 
chambers?  This  may  prove  to  be  the  way  out  of  the  present 
difiiculty.  One  inch  bridges  between  tubes,  six  inches  of  space 
between  the  boiler  shell  and  the  outside  tubes,  a  conical  boiler 
and  a  combustion  chamber,  constitutes  a  combination  which  is 
well  worth  trying  in  the  present  emergency. 


Mr.  J.  B.  Musgrave,  master  car  builder  of  the  Great  Northern 
Railway  of  Canada,  has  resigned. 
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A  NEW  TYPE  OF  LOCOMOTIVE  LUBRICATOR. 

The  Detroit  Lubricator  Co.,  of  Detroit,  Mich.,  have  recently 
perfected  and  placed  on  the  market  a  locomotive  lubricator  of 
new  design  for  which  many  advantages  are  claimed.  The 
manufacturers  have  endeavored  to  get  hack  to  first  principles 
and  furnish  a  safe  and  efficient  device  in  a  very  simple  form. 
The  fact  that  it  has  only  about  half  as  many  parts  as  the  regu- 
lar type  of  lubricators  will  appeal  favorably  to  those  who  have 
to  look  after  the  cost  of  maintenance,  and  as  glass  discs  about 


ferred  to  this  part  of  the  subject.     The  completed  frame  is  a 
very  complicated  forging. 

In  the  discussion  which  followed  the  paper  it  was  stated 
that  the  large  cars  used  in  Philadelphia  weigh  about  32,000  lbs., 
while  the  heaviest  car  manufactured  at  this  time  is  used  on 
interurban  railways,  such  as  those  of  Detroit,  and  weighs 
about  86,000  lbs.  An  interurban  "car  with  3G-in.  diameter 
wheels  and  solid  forged  truck  recently  made  10  miles  in  8 
minutes'  running.  In  answer  to  an  inquiry,  Mr.  Heulings 
stated  that  they  had  found  the  best  brake  shoe  to  be  one  of 
soft  gray  iron  with  a  piece  of  wrought  iron  let  into  the  face. 


one  inch  thick  are  used  for  the  sight  feed  feature  all  danger 
from  broken  glasses  is  entirely  removed.  As  it  has  but  very 
few  joints  the  liability  to  leakage  is  slight,  and  as  the  oil  is 
delivered  to  the  sight  feed  chamber  from  a  point  within  the 
reservoir  there  can  be  no  chilling  of  the  oil  in  cold  weather. 
This  lubricator  is  known  as  the  "Detroit  No.  20."  The  manu- 
facturers will  be  glad  to  send  descriptive  matter  to  all  inter- 
ested. 


DEVELOPMENT  OF  BRILL  TRUCKS. 

At  the   October   meeting   of  the   Engineers'   Club   of   Phila- 
delphia, Mr.  W.  H.  Heulings,  Jr.,  read  a  paper  on  the  "Develop- 
ment of  the  Brill  System  of  Trucks  for  Electric  Motor  Cars." 
During   the  Centennial   Exposition   several   types   of   steam 
motor  cars  were  put  in  use  on  the  streets  of   Philadelphia. 
Mr.  John  A.  Brill  saw  at  that  time  that  if  cars  were  to  be 
self-propelled    the    motors   would    require   a   framework   sepa- 
rate from  that  of  the  car  body.     The  framework  of  the  cars 
is  required  to  be  as  light  as  possible  and  would  therefore  be 
unable    to    withstand    the    vibrations    and    strainings    of    the 
motors.    Before  1887  some  cars  had  been  built  with  the  motors 
set  upon  the  front  platform  or  hung  from  the  body,  but  the 
racking  and  straining  very  quickly  shook  the  cars  to  pieces. 
The  truck  was  the  starting  point  of  the  mechanical  success  of 
electric   motor-driven   street   cars.     Mr.    Heulings   traced   the 
successive  development  of  the  Brill  system  of  truck  and  stated 
that  the  right  method  of  motor  support  was  adopted  for  the 
first  type  of  truck  and  that  this  method  of  support  is  now 
in  universal  use.    In  the  earlier  forms  of  truck  the  use  of  coil 
springs  resulted  in  a  bounding  motion  or  oscillation  of  the 
car  body.     It  was  discovered  that  this  oscillation  was  caused 
by  a  rythmic  motion  in  the  springs  produced  by  the  rail  joints, 
and  the  difficulty  was  obviated  by  introducing,  in  connection 
with  the  coils,  slower  acting  elliptical  springs.     Later  on  the 
full  elliptical  springs  were  superseded  by  semi-eliptics,  which 
were  slower  acting.    The  correct  principle  in  all  truck  building 
is  to  have  the  frame  support  the  car  body  as  nearly  as  possible 
over  the  points  where  they  are  themselves  supported.     The 
use  of  longer  car  bodies  necessitated  pivotal  trucks,  and  the 
maximum  traction  truck,  consisting  of  a  pair  of  ordinary  size 
driving  wheels  and  a  pair  of  pony  wheels,  was  devised.     In 
this  truck  the  weight  is  eccentrically  distributed  so  that  the 
large  wheels  carry  nearly   all   of  the  load,  the   pony  wheels 
bearing  just  enough  to  enable  them  to  guide  on  the  track.    A 
iarge  part  of  the  paper  was  devoted  to  the  manufacture  of  the 
solid  forged  side  frames,  and  the  lantern  slides  generally  re- 


THE  CORRINGTON  AIR  BRAKE. 


After  a  long  period  ol  development  the  Corrington  Air 
Brake  Company  is  ready  with  its  combined  automatic  and 
straight-air  apparatus.  This  system  combines  these  two  prin- 
ciples in  such  a  way  as  to  maintain  each  at  all  times  wholly 
independent  of  the  other,  so  that  while  operating  one  the  other 
may  be  brought  into  action  if  desired.  With  this  system  a  new 
consolidated  engineer's  valve  is  substituted  for  the  existing 
valve  on  the  engine,  and  no  change  whatever  is  required  in  the 
car  equipments.  The  new  valve  simply  takes  the  place  of  the 
pi'esent  engineer's  valve  or  combined  automatic  and  straight 
air  equipment  now  in  use. 

The  objects  of  this  company  are:  to  provide  continuous 
control  of  either  passenger  or  freight  trains,  to  make  easier 
and  smoother  stops  with  a  minimum  wear  and  tear  on  the 
equipment  and  with  a  minimum  expenditure  of  air;  to  avoid 
the  parting  of  trains  and  place  in  the  hands  of  the  engineer 
a  combined  valve  whereby  he  may  apply  automatic  brakes  to 
the  entire  train  and  straight  air  on  the  engine,  with  the  ap- 
paratus so  arranged  as  to  permit  him  to  release  the  automatic 
brakes  on  the  train  and  retain  straight  air  on  the  engine.  In 
double  heading  the  pumjls  and  reservoirs  of  both  engines  are 
available.  The  engineer  of  the  second  engine  may  release  and 
reapply  his  brakes  independently  of  the  leading  engine,  in  • 
case  his  tires  are  heating.  Also  the  brakes  may  be  controlled 
by  the  second  engineer,  permitting  the  engineer  of  the  lead- 
ing engine  to  release  his  brakes  in  case  of  overheating.  Fur- 
thermore, the  brakes  may  be  completely  released  on  the  first 
engine  and  on  the  train  during  the  period  of  recharging  the 
auxiliaries.  These  features  are  provided  in  the  consolidated 
valve  without  sacrificing  any  function  of  the  automatic  brakes 
and  the  triples  on  the  engine  and  tender  are  not  needed.  This 
system  will  be  described  and  illustrated  in  this  journal. 


SUIT   WON  BY  JOHN  A.  BRILL. 


In  the  suit  brought  by  John  A.  Brill  against  the  North  Jersey 
Street  Railway  Company  in  the  Circuit  Court  of  the  United  States 
for  the  District  of  New  Jersey  for  an  injunction  to  prevent  the  use 
of  trucks  built  by  the  Peckham  Motor  Truck  and  Wheel  Company, 
which,  was  claim«d,  infringe  patents  owned  by  Mr.  Brill,  a  de- 
cision was  handed  down  on  August  28.  fully  sustaining  the  patents. 

The  defense  of  the  case  was  assumed  and  carried  on  throughout 
by  the  Peckham  Company  through  its  own  counsel,  Duell,  McGrath 
&  Warfield ;  Mr.  Brill  was  represented  by  Francis  Rawle,  Edmond 
Wetmore  and  Joseph  L.  Levy.  The  patents  involved  were  both 
dated  June  27,  1899,  which  patents  cover  the  system  of  spring- 
suspended  and  semi-elliptic  spring  equalizers  of  the  Brill  center- 
pivotal  trucks,  No.  27-G.  The  Peckham  trucks  in  controversy  were 
those  known  as  No.  l-l-B-3  and  No.  16. 

The  case  was  tried  before  Judge  Bradford,  District  Judge  for  the 
District  of  Delaware,  to  whom  it  was  especially  assigned.  The 
argument  lasted  four  days  and  the  case  was  thoroughly  fought  out. 
The  court  fully  sustained  all  the  claims  of  both  patents  that  were 
urged  on  behalf  of  the  complainant,  and  awarded  a  perpetual  in- 
junction enjoining  the  railway  company  from  the  use  of  the  trucks 
and  directmg  an  account  of  profits  to  be  taken. 


Mr.  J.  J.  Flynn  has  been  appointed  master  mechanic  of  the 
Louisville  &  Atlantic,  with  headquarters  at  Richmond,  Ky., 
succeeding  Mr.  Louis  Wellisch,  resigned. 
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WESTINGHOUSE    STEAM    TURBINES    FOR    PENNSYL- 
VANIA    RAILROAD. 


An  order  for  three  steam  turbines  o£  the  largest  size  has 
recently  been  placed  with  the  Westlnghouse  Machine  Company, 
East  Pittsburgh,  Pa.,  by  Westlnghouse,  Church,  Kerr  &  Co., 
acting  as  engineers  and  constructors  for  the  Pennsylvania 
Railroad  in  connection  with  the  New  York  terminal  equip- 
ment. These  machines  will  I'orni  the  initial  installation  in 
the  new  Long  Island  power  house,  on  which  construction  is 
just  beginning,  and  which  will  serve  the  traction  in  the  tunnels 
for  the  Hudson  and  East  Rivers  and  the  New  Yorlc  terminal 
at  Thirty-second  street  and  Seventh  avenue,  and  also  such 
part  of  the  Long  Island  Railroad  system  as  is  in  process  of 
conversion  to  electric  traction. 

The  turbines  will  be  of  the  Westlnghouse  horizontal  short 
barreled  type,  mounted  upon  a  single  bedplate,  resulting  in  a 
particularly  compact  arrangement  and  great  economy  of  floor 
space;  they  will  have  a  capacity  of  approximately  7,400  elec- 
trical horse-power  each,  and  will  drive  5,500-kw.,  3-phase,  alter- 
nating current  generators  operating  in  parallel.  Their  over- 
load capacity  will  be  over  11,000  horse-power,  and  each  turbine 
will  be  provided  with  a  by-pass  automatically  controlled  by  the 
governor  to  accommodate  abnormal  fluctuations  in  load.  This 
will  also  permit  operation  at  full  load  non-condensing. 

The  turbine  equipment  will  operate  under  conditions  favor- 
able to  the  attainment  of  high  economy,  viz:  200  lbs.  steam 
pressure  at  the  throttle,  28-in.  vacuum  and  175  degs.  F.  super- 
heat. The  generator  will  be  direct  connected  to  the  turbine 
shaft  through  a  flexible  coupling,  each  section  of  the  unit 
having  two  bearings  of  ample  proportions,  thus  avoiding  ex- 
cessive shaft  stresses.  The  3-phase  winding  will  deliver  cur- 
rent directly  to  the  distribution  system  at  11,000  volts,  no 
step-up  transformers  being  employed.  The  machines  will  be 
separately  excited  and  will  carry  full  load  continuously  at 
100  per  cent,  to  80  per  cent,  power  factor,  with  a  rise  in  tem- 
perature of  35  degs.  C,  or  50  per  cent,  overload  for  two  hours, 
with  an  increase  in  temperature  rise  of  slightly  over  50  per 
cent.  Each  turbo  unit  will  thus  be  capable  of  delivering  8,250 
kw.  for  reasonable  intervals  and  considerably  in  excess  of  this 
figure  during  momentary  load  fluctuations. 

The  entire  equipment  will  be  delivered  by  July,  1904,  one 
year  from  the  date  of  contract.  It  is  somewhat  significant  of 
the  state  of  the  turbine  industry  that  eleven  Westlnghouse 
turbines  of  approximately  the  same  size  are  under  construc- 
tion for  heavy  electric  railway  service,  both  in  this  country 
and  abroad. 

BOOKS  AND  PAIVIPHLETS. 

American    Railway    Master   Mechanics'   Association.      Proceedings 
of   the   Thirty-sixth    Annual    Convention,    Held    at    Saratosa. 
N.  Y.,  June,  1903.     Edited  by  the  Secretary,  Mr.  Joseph  W. 
Taylor,  667  The  Rookery,  Chicago,  111. 
This  volume  is  uniform  with  the  publication.s   regularly   i.s.sued 
by  this  important  organization  and  contains  the  constitution,  list 
of  members,  established  standards  of  practice  of  the  a.ssociation  and 
the  papers,  reports  and  discussion.s  of  the  190,3  convention.     This 
volume  contains  specially  valuable  records  on  the  subject  of  elec- 
trical equipment  of  shops  in  the  report  on  this  subject,  this  being 
the  most  important  paper  of  a  large  number  of  good  ones.    This  is 
undoubtedly  the  most  valuable  volume  brought  out  by  this  associa- 
tion for  a  number  of  years.     It  is  a  credit  to  the  association,  to  the 
railroads  and  to  the  secretary. 


isms  Willi  surrounding  details^pictures  often  convey  what  descrip- 
tion.s  fail  to  do.  The  variety  of  mechanisms  to  be  found  at  the 
present  time  i.s  endleK.s,  but  this  volume  will  be  of  great  value  to 
the  designer  in  placing  before  him  the  best  of  the  practice  that 
has  been  settled  upon  by  experience.  A  study  of  this  work  will 
also  inform  the  buyer  of  iruacliine  tools  what  is  coasidercd  bent 
practice,  both  in  the  United  States  and  in  England,  as  to  the  de.sign 
of  machine  shop  tools.  The  le.\l  appearing  in  this  volume  is  taken 
I'liim  a  .series  of  articles  thai  are  being  imblished  in  Thi:  Mi:<hiiHiiiil 
I'liiflincvr,  of  Manchester,  England,  only  the  portion  relating  to 
tinning  machines,  such  as  lathes,  boring  mills,  etc.,  being  included 
in  I  Ills  book.  A  companion  vohiine  is  in  progress  which  will  treat 
of  iilaning,  slotting,  drilling,  iiiilling  and  grinding  machines,  which 
will  be  of  equal  interest  with  this  volume.  The  above  work  is  an 
exceedingly  valuable  one  and  should  be  in  the  hands  of  everyone 
iiilerested  in  machine  shop  operation.  It  is  the  only  work  of  the 
kind  that  has  been  brought  strictly  up-to-date,  covering  the  field 
as  it  exists  to-day. 


Lathes,  Screw  Machines,  Boring  and  Turning  Mills.     By  Thomas 
R.   Shaw.     700  pages,  profu.sely  illustrated  with  425  engrav- 
ings.     8vo,   cloth.      1903.      Tublished   by    The    Scientific   Pub- 
lishing   Company,    No.    liS    New    Bailey    street.    Manchester, 
England.     Price,  15  shillings,  net. 
This  work  is  a  practical  treatise  of  the  design  and  construction 
of  turning  machines,  including  lathes,  automatic  screw  machines, 
boring  and  turning  mills,  and  their  accessories,  the  object  of  the 
author  having  been  to  review  in  detail  the  many  tjpes  of  machine 
tools  in  use  in  the  metal-working  trades,  and  to  present  constructive 
details  of  the  more  important  mechanisms  and  devices  employed. 
It  was  considered   the  best  way   to  treat  this  subject  to   illustrate 
with  examples  from  actual  practice,  showing  the  different  mechan- 


"Throw  Away  Your  Glue  Pot"  is  the  advice  appearing  upon  n 
Ileal  celluloid  i)apcr  cutter  recently  received  from  the  Wachter 
Manufacturing  Company,  Baltimore,  Md.,  which  has  been  sent  out 
in  I  he  interests  of  the  well-known  Army  and  Navy  liquid  glue, 
manufactured  by  this  company.  It  is  further  stated  that  the  above 
glue  is  not  a  "fish"  glue,  but  a  pure  hide  and  sinew  glue  in  liquid 
form.  The  Wachter  Company  will  be  pleased  to  send  one  of  these 
souvenirs  to  anyone  interested. 


Jeffrey  I'ower  Drills  for  Rock  and  Coal. — A  catalogue  of 
40  pages  has  been  received  from  the  .Jeffrey  Manufacturing  Com- 
pany, Columbus,  Ohio,  which  is  a  model  of  goo<l  printing,  good 
engraving,  fine  paper  and  excellent  arrangement.  By  aid  of  half- 
tone and  line  engravings  the  Badger  rock  drills,  rotary  drills,  both 
electric  and  pneumatic,  hand  power  drills,  drill  trucks,  base  reels, 
portable  pumps,  electric  hoists,  electric  locomotives  aad  other 
product  of  this  company  is  described.  Each  specialty  is  presented 
with  terse  statements  of  its  advantages,  so  that  the  reader  may  at 
a  glance  ascertain  the  results  of  the  many  years  of  experience  of 
these  manufacturers. 


Locomotive  Sanders. — The  American  Locomotive  Sander  Com- 
pany, Philadelphia,  have  issued  a  new  catalogue  of  sanders  which 
lu-esents  the  principles  of  construction  and  use  of  these  devices  and 
illustrates  various  metliods  of  application  as  well  as  showing  the 
details  of  construction.  It  is  admirably  illustrated  and  is  well 
printed.  Copies  may  be  had  upon  application  to  the  company  at 
Philadelphia. 


TuE  Cylindrical.  Electric  Blue  Printing  Machine  is  de- 
scribed in  a  30-page  pamphlet  issued  by  the  Pittsburgh  Blue  Print 
Company,  1505  Park  Building,  Pittsburgh,  Pa.  A  number  of  differ- 
ent styles  of  machines  are  illustrated,  and  the  advantages  of  blue 
printing  by  electric  light  are  set  forth.  The  pamphlet  also  includes 
a  large  list  of  users  of  these  machines  and  excellent  testimonial  let- 
ters from  well-known  firms. 


Anatomy  of  Cars.— The  Derry-Collard  Company.  256  Broad- 
way, New  York,  have  issued  a  new  edition  of  three  railroad  car 
charts  with  the  parts  named.  These  present  the  "anatomy"  of  a 
freight  car,  a  passenger  and  a  hopper  gondola  car.  They  were 
originally  published  by  tlie  Railroad  Car  Journal  and  are  now 
printed  on  heavy  plate  paper,  and  are  suitable  for  framing.  They 
are  mailed  in  a  tube  at  25  cents  each,  or  50  cents  for  the  set  of 
three. 

"Dixon's  Index  for  Pencil  Users"  is  an  interesting  pamphlet  de- 
voted to  the  user  of  the  lead  pencil  which  has  been  Issued  by  the 
Joseph  Dixon  Crucible  Company.  Jersey  City,  N.  J.  In  their  feel- 
ing of  interest  in  the  consumers  of  lead  pencils  they  have  issued 
this  little  treatise,  from  which  one  may  easily  select  the  pencil  best 
adapted  to  their  needs.  The  line  of  pencils  manufactured  by  the 
Dixon  Company  is  sufliciently  large  to  supply  the  wants  of  all. 


The  Forsyth  Ai-tomatic  Aib  and  Steam  Coupler. — The  con- 
struction and  operation  of  this  device  are  illustrated  and  described 
in  a  pamphlet  just  issued  by  the  Forsyth  Automatic  Air  and  Steam 
Coupler  Company,  The  Kookery,  Chicago.  Elsewhere  in  this  issue 
is  a  descriptive  article  on  this  subject. 


"Pumping  by  Couipresse<l  Air"  is  the  title  of  an  interesting 
pamphlet  devoted  to  this  subject  which  has  recently  been  issued  by 
Ihe  Pneumatic  Engineering  Company.  No.  12.S  Broadway.  New 
York.     A   number  of  the  important  installations  that  have  been 
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made  by  this  company  are  well  illustrated  and  the  simplicity, 
economy  and  flexibility  of  their  systems  of  pumping  by  air  are 
discussed.  The  subject  is  treated  under  three  heads :  the  air  lift 
pump ;  displacement  pumps,  using  air  expansively ;  and  displace- 
ment pumps,  using  direct  pressure  of  air  without  expansion.  This 
pamphlet  is  instructive  and  is  well  worth  careful  reading. 


recpgpitions  of  the  personal  qualities  of  employers  of  labor  are  very 
impressive  because  they  are  so  rare. 


Catalogue  No.  36. — The  Newton  Machine  Tool  Works,  Phil- 
adelphia, Pa.,  have  recently  issued  a  new  23C-page  issue  of  their 
general  catalogue  de.scriptive  of  the  many  lines  of  machine  tools 
and  supplies  which  are  built  by  them.  This  company  has  made  a 
specialty  of  building  machine  tools  particularly  adapted  to  the 
wants  of  railroad  shop  service  and  are  meeting  with  the  large  trade 
which  they  deserve  in  this  field.  They  also  build  tools  for  army, 
navy  and  general  machine  shop  equipment,  as  well  as  also  special 
tools  of  all  cla.sses  of  metal  working  machiner.v.  A  noticeable 
feature  of  this  catalogue  is  the  large  number  of  tools  illustrated 
therein  which  have  been  equipped  for  motor  driving ;  the  extent  to 
which  individual  electrical  machine  driving  has  been  developed 
cannot  be  better  shown  than  by  reference  to  this  volume. 


A  Crocker-Wheeler  Railway  Genehator. — This  is  the  title 
of  a  ver.v  interesting  and  neatly  arranged  pamphlet  that  was  issued 
by  the  Crocker-^\'heeler  Company,  Ampere,  N.  J.,  for  distribution 
at  the  recent  convention  of  the  American  Street  Railway  Associa- 
tion, at  Saratoga,  to  set  forth  the  important  features  of  their 
standard  generators  for  electric  railway  service.  The  Crocker- 
Wheeler  people  have  made  a  specialty  of  building  generators  for 
electric  railway  power-plant  work,  and  have  developed  man.v  points 
of  advantage  in  their  standard  type  of  machine.  The  pamphlet  is 
divided  into  three  parts,  to  illustrate  and  describe  :  the  Field,  the 
Armature  and  the  Brush  Rigging.  The  valuable  points  of  design 
of  each  part  are  briefly  set  forth  in  an  interesting  manner.  The 
pamphlet  is  well  illustrated  and  is  instructive. 


The  Aurora  Metal  Company,  Aurora,  111.,  have  issued  a  little 
12-page  pamphlet  devoted  to  a  description  of  the  Lewis  &  Kunzer 
metallic  packing  and  packing  case  for  piston  rods  on  locomotives 
and  stationary  engines.  The  details  of  this  valuable  packing  are 
carefully  illustrated  and  described,  and  the  many  points  of  advan- 
tage are  very  convincingly  set  forth.  Tliis  new  packing  has  many 
points  of  interest  which  merit  investigation,  particularly  on  account 
of  the  durability  claimed  for  it.  It  is  very  simple  in  construction 
and  is  easy  to  repack.  As  the  packing  is  done  entirely  by  the 
pressure  of  the  steam  acting  in  the  cylinder,  there  can,  of  course, 
be  no  friction  on  the  piston  rod  when  the  engine  is  not  working 
steam.  Further  information  concerning  this  packing  will  be  gladly 
furnished  by  the  Aurora  Metal  Company. 


Wire  Ropes  and  Cables. — Tlie  Broderick  &  Bascom  Rope  Com- 
pany. St.  Louis,  Mo.,  have  i.ssued  a  new  Price  List  E  which  is 
more  than  a  price  list.  It  is  a  convenient  little  catalogue  of  52 
pages  devoted  to  their  well-known  product.  The  cover  bears  a 
half-tone  from  a  photograph  of  the  new  factory.  In  addition  to 
prices,  the  pamphlet  contains  illustrated  descriptions  of  the  brands 
of  rope  which  have  made  the  name  of  these  makers  so  favorably 
known ;  tables  of  data,  with  reference  to  them,  giving  weight, 
capacity,  diameter,  etc.,  and  similar  information  concerning  hooks, 
sockets,  thimbles,  clips,  shackles,  ferry  blocks  and  travelers,  com- 
plete equipment  for  inclined  planes,  sheaves,  blocks,  and  in  fact 
everything  needed  in  connection  with  wire  rope  sen'ice.  Copies 
of  this  pamphlet  may  be  had  upon  application  to  the  oflice  of  the 
company,  809  North  Main  street,  St.  Louis,  Mo. 


"Soft  Water"  is  the  title  of  a  handsome  64-page  pamphlet  re- 
ceived from  the  Railroad  Department  of  the  Kennicott  Water  Soft- 
ener Company,  Great  Northern  Building,  Chicago.  It  illustrates 
28  water-softening  plants  which  are  in  use  on  prominent  railroads, 
and  also  includes  complete  drawings  and  sectional  sketches  showing 
the  con.struction  and  illustrating  the  operation  of  the  machines.  The 
pamphlet  is  h,andsomely  executed,  and  it  shows  in  an  effective  man- 
ner the  large  amount  of  work  which  this  company  has  accomplished. 
Not  the  least  interesting  feature  is  the  chart  and  tabular  representa- 
tion of  the  methods  employed,  as  well  as  the  results  obtained,  in  the 
preliminary  study  of  waters  and  their  treatment.  This  pamphlet  is 
a  convincing  exhibit  of  the  economy  of  water-softening.  Every 
mechanical  and  operating  officer  should  make  a  study  of  it. 


EQUIPMENT  AND  MANUFACTURING  NOTES. 


The  employees  of  the  Norton  Emery  Wheel  Company  and  the 
Norton  Grinding  Company  gave  an  enthusiastic  reception  to  Mr. 
Charles  L.  Allen,  secretary  and  general  manager,  on  his  return 
from  a  European  trip.  October  7.  .\mong  the  honors  presented  to 
Mr.  Allen  was  a  beautiful  silver  cup.     Such  generous  and  universal 


The  Brooklyn  Engineers'  Club  held  the  first  meeting  of  the 
season  on  the  evening  of  October  S.  Besides  the  usual  formal 
busine.ss,  a  very  interesting  paper,  entitled  "A  History  of  Pumps, 
Ancient  and  Modern,"  was  read  by  Blr.  .John  A.  Drew,  of  the 
Worthingtou  Company.  Mr.  Drew  sketched  the  development  of 
pumping  machines  from  the  early  Egyptian  '"Noria,"  resembling 
the  familiar  well  sweep,  to  the  latest  triple-expeusion,  condensing, 
water  works  pumping  engines,  requiring  little  more  than  a  pound 
of  coal  per  horse-power-hour.  The  paper  was  illustrated  by  a 
large  number  of  lantern  slides. 


We  are  informed  that  the  Double-Clutch  Car  Mover,  manufac- 
tured by  the  Walter  A.  Zelnicker  Supply  Company,  St.  Louis,  Mo., 
has  been  received  by  the  trade  beyond  the  expectations  of  either 
the  manufacturers  or  the  patentee.  Among  recent  orders  are  one 
for  25  car  movers  from  the  Wabash  Railroad ;  25  from  Cardenas, 
Cuba ;  50  from  AVinnepeg,  Canada ;  and  many  other  smaller 
orders.  This  device,  which  only  weighs  18  lbs.,  enables  as  many  as 
three  loaded  cars  to  be  moved  by  one  man.  For  use  in  factories 
and  warehouses  having  side  track  facilities,  this  device  will  pay  for 
itself  in  a  short  time.  The  Zelnicker  Company  state  that  it  is 
guaranteed  in  every  respect,  and  further  information  will  be  cheer- 
fully supplied  concerning  it. 


The  authorities  of  the  Louisiana  Purchase  Exposition  are  taking 
every  precaution  to  prevent  the  recurrence  at  St.  Louis  of  any  such 
disastrous  fire  as  that  which  destroyed  the  great  cold  storage  build- 
ing at  the  Chicago  Exposition  in  1893,  and  are  making  adequate 
provision  for  water  supply  by  putting  in  the  largest  installation 
of  fire  pumps  in  the  world.  These  pumps,  which  have  been  pur- 
chased from  Henry  R.  Worthington,  of  New  York  City,  comprise 
12  l.OOO-gallon.  standard  Underwriter  fire-pumps,  each  capable  of 
supply  four  fire  streams,  making  it  possible  to  have  48  fire  streams 
in  use  at  one  time.  The  pumps  are  of  the  duplex,  double-acting 
type  and  are  supplied  with  air  and  vacuum  chambers  of  large 
capacity.  The  fittings  are  of  composition  metal  throughout,  and 
the  piston  and  valve  rods  are  of  bronze.  Every  measure  has  been 
taken  in  designing  these  pumps  to  insure  that  they  will  start  at  a 
moment's  notice  at  any  time  after  having  been  idle  for  a  long 
period.  They  are  the  pumps  recommended  by  the  Associated  Fac- 
tory Mutual  Insurance  Companies,  and,  in  fact,  formed  the  basis 
of  the  specifications  for  fire  pumps  adopted  by  the  Associated  Com- 
panies. 

The  Standard  Roller  Bearing  Comp.any,  of  Philadelphia,  have 
purchased  the  entire  ball  Business  of  the  Grant  Tool  Company, 
Franklin,  Pa.  (formerly  of  Cleveland.  Ohio),  and  are  prepared  to 
fill  all  orders  for  the  celebrated  Grant  ball,  formerly  made  by  the 
Grant  Ball  Company,  of  Cleveland,  Ohio.  In  order  to  supply  the 
demand  at  once  for  balls,  the  business  will  be  run  for  a  short  time 
in  Franklin,  so  that  orders  can  be  filled  without  delay,  but  it  will 
eventually  be  moved  to  Philadelphia  and  consolidated  with  the 
Standard  Roller  Bearing  Company's  plant  in  that  city.  All  orders 
should  be  sent  to  the  Standard  Roller  Bearing  Company,  Philadel- 
phia. R.  H.  Grant,  formerly  manager  of  the  Grant  Ball  Com- 
pany, will  have  charge  of  the  ball-making  plant  in  Philadelphia, 
and  a  number  of  the  former  emplo.vees  of  the  Grant  Company  will 
remove  from  Franklin  to  Philadelphia  and  enter  the  employ  of  the 
Standard  Roller  Bearing  Company. 


In  the  past  fortnight  a  number  of  notable  orders  have  been  re- 
ceived by  the  Crocker-Wheeler  Company,  of  Ampere,  N.  .T.,  and 
these,  being  fairly  evenly  distributed  among  its  larger  branch 
offices,  indicate  that  the  improving  condition  of  busine.ss  is  not 
local  to  any  one  section.  One  order,  from  the  Lorain  Steel  Com- 
pany, Lorain,  Ohio,  called  for  41  motors,  ranging  in  size  from 
2V2  to  300  h.p..  and  representing  a  total  of  1,423  h.p.  Another, 
from  the  New  Jersey  Zinc  Company,  of  Hazard.  Pa.,  for  one  125 
and  two  fiOO-k.w.  generators,  and  37  motors  aggregating  401  h.p. 
The  Philadelphia  office  placed  an  order  from  the  Warren  Foundry 
and  Machine  Company,  of  Phillipsburg,  N.  ,T.,  for  one  200-k.w. 
generator,  four  35-h.p.  and  two  60-h.p.  motors :  and  the  G.  H. 
Hammond  Company  ordered  for  its  packing  plant  at  the  Union 
Stock  Yards  in  Chicago  one  50.  one  2.")  and  two  20-h.p.  motors 
and  an  800-k.w..  5.50-volt.  size  890  engine-tyne  generator.  This 
last  is  a  duplicate  of  one  now  building  for  the  St.  Louis  Exposition, 
the  entire  intramural  plant  for  which  will  be  operated  by  gener- 
ators supplied  by  the  Crocker-Wheeler  Company. 

'«' ANTED    THREE    FOREMEN. 

Opportunities  for  three  bright  successful  young  foremen.  One 
is  needed  in  an  erecting  shop,  another  in  a  blacksmith  shop  and  the 
third  in  a  machine  shop.  Only  men  who  have  made  records  need 
aiiply.  Letters  addressed  to  X,  care  the  editor  of  this  journal, 
Hill  be  immediately  forwarded  to  the  principals. 
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NEW  FOUNDRY  AND  PATTERN  SHOP. 


The  B.  F.  Sturtevant  Co. 


In  our  November  number  of  last  year  a  descri|)tion  of  the 
new  manufacturing  plant  of  this  company  was  shown.  It  is 
located  at  Hyde  Park,  Mass.,  and  occupies  15  acres  of  ground. 
The  foundry  and  pattern  department  were  the  first  to  be  put 
into  operation  prior  to  the  removal  of  the  entire  plant  from 
.Jamaica  Plain. 

The  pattern  building  is  divided  midway  of  its  length  by  fire- 
walls, enclosing  stairs,  elevators,  etc.  One-half  of  the  build- 
ing, with  stories  respectively  17  and  15  ft.,  is  devoted  to  the 
flask  and  pattern-making  rooms,  while  the  other  half,  pro- 
vided with  intermediate  floors,  making  four  in  all,  is  utilized 
for  pattern  storage.  The  flask-shop,  measuring  about  CO  by 
80  ft.,  is  equipped  with  band,  cross-cut  and  splitting  saws, 
boring  machine  and  lathe,  all  driven  by  a  10-h.p.  Sturtevant 


Th«  foundry  conalsta  eseentially  of  two  long  craneways, 
each  35  ft.  in  width,  with  center  bent  of  the  same  width,  and 
side  floors  30  ft.  wide.  The  brass  foundry,  core-room  and 
wash-room  are  located  at  one  end;  the  charging  floor  at  one 
side,  nearly  midway  of  the  length,  and  the  cleaning-room  at 
the  other  end.  The  craneways  are  designed  for  20-ton  electric 
traveling  cranes,  equipped  with  Sturtevant  motors. 

Brick  division  walls  3%  ft.  high,  running  lengthwise  of  the 
foundry,  separate  the  floors  on  the  lines  of  the  columns. 
Lighting  is  secured  through  monitors  in  both  of  the  crane- 
ways and  through  ample  side  windows.  Each  line  of  monitor 
transoms  is  operated  in  unison  by  a  novel  device  installed  by 
the  G.  Drouve  Co.  The  western  side  of  the  foundry  is  given 
up  to  bench  and  small  floor  molding,  the  bench  moldcrs' 
floors  being  separated  at  the  bench  ends  by  wooden  partitions. 
The  floors  throughout  this  side  of  the  building,  as  well  as 
those  in  the  storage  bins  and  center  runways,  are  of  concrete. 
Alongside    the    Industrial    railway,    which    serves    iron    from 
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GROUND   PLAN    OP   FOUNDHY. 

motor  suspended  from  the  ceiling.  The  industrial  railway 
runs  directly  into  this  room  from  the  foundry,  across  a  dis- 
tance of  about  40  ft.,  and,  together  with  an  overhead  transfer 
track,  reduces  to  a  minimum  the  cost  of  handling  flasks,  'lae 
lumber  for  their  manufacture  is  unloaded  from  cars  directly 
in  front  of  the  building.  This  room  also  includes  the  metal 
patternmakers'  department,  equipped  with  the  necessary  ma- 
chine tools.  Adjacent  thereto  is  the  locker,  wash  and  toilet- 
room  for  the  building. 

Immediately  above  is  the  pattern  shop,  abundantly  lighted 
upon  three  sides,   and   equipped   with   a  full   complement   of 


TRANSVERSE  VIEW  OF  FOUNDRY. 

tools,  including  one  single  and  two  double  saw  benches,  two 
band  saws,  a  buzz  planer  and  a  double  surfacer,  five  lathes, 
one  of  which  is  a  66-in.  by  11%-ft.  gap  lathe;  a  drill  press,  a 
core-box  machine,  numerous  wood  trimmers,  etc.  All  the 
power  machines  are  operated  by  two  10-h.p.  Sturtevant  motors, 
both  being  required  for  ordinary  work,  but  one  always  serving 
as  a  possible  relay  in  case  of  accident. 


ONE  OF  THE  TURNTABLES. 

ladle  trucks  to  the  bench  floors,  is  a  sunken  trench  laid  with 
common  brick  as  a  suitable  place  for  drippings  and  for  the 
piling  of  hot  castings. 

In  the  center  line  of  each  of  the  craneways  and  between 
them  runs  an  industrial  railway  with  turntables  connecting 
with  the  cross  aisles,  which  provides  for  the  distribution  of 
metal,  etc.,  to  all  parts  of  the  building.  The  floor  between  the 
craneways  is  supplied  with  a  series  of  1%-ton  small  traveling 
cranes  of  about  10  ft.  span,  equipped  with  Sturtevant  electric 
hoists  built  especially  for  this  work. 

All  materials  are  received  from  a  track  which  runs  along 
one  side  of  the  foundry,  and  are  delivered  through  wall  open- 
ings to  the  bins  which  fill  a  portion  of  the  side  wing  adjacent 
to  the  cupolas.  For  the  present  the  sand  storage  bins  and 
mixing-room  are  also  within  this  building. 

The  cupolas  are  two  in  number,  of  Whiting  make,  56  ins. 
and  72  ins.  in  diameter.  The  opportunity  has  been  improved 
to  show  the  eminent  adaptability  of  the  Sturtevant  pressure 
blower,  a  No.  8  and  a  No.  10  blower  being  driven,  respectively, 
by  a  30  and  a  40-h.p.  Sturtevant  belted  motor,  being  supported 
upon  the  charging  platform  through  which  they  discharge 
directly  downward  and  thence  to  the  cupolas.  It  is  intended 
to  make  this  installation  the  subject  of  critical  experiment 
for   the   establishment  of  important  principles. 

The  entire  transportation  equipment  of  the  plant,  including 
tracks,  cars,  trucks,  etc.,  was  designed  and  built  by  the  Sturte- 
vant Co.  The  tracks  in  the  foundry  are  embedded  in  the  con- 
crete runways,  and  all  changes  of  direction  are  secured  by 
turntables,  there  being  no  switches  in  the  works,  and  there- 
fore no  radial  truck  cars,  all  cars  having  rigid  bases.  The 
turntables  are  designed  very  heavy  to  avoid  distortion  or 
breakage,  and  consist  of  a  bottom  frame,  with  four  roller 
wheels,  which  are  carried  upon  composition  trunnions,  and  a 
cover,  which  is  recessed  for  crossing  tracks  at  right  angles, 
and  is  provided  on  the  under  side  with  a  chilled  tread,  with 
which  the  wheels  come   in  contact.     A  small  idler  wheel  is 
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provided,  which  automatically  stops  the  turntable  on  each 
_  quarter,  but  readily  releases  it.     The  cover  is  accurately  cen- 
tered by  a  chilled  conical   bearing. 

Naturally  the  entire  plant  is  heated  and  ventilated  by  the 
Sturtevant  system.  In  the  case  of  the  pattern  building,  the 
apparatus,  consisting  of  an  engine-driven  fan  and  steel  pipe 
heater,  is  placed  close  to  the  division  wall,  and  delivers  the 
heated  air  into  a  vertical  flue  and  thence  to  the  various  rooms. 
The  foundry  apparatus  is  located  overhead,  in  the  end  ot  one 
of  the  craneways,  and  arranged  to  take  fresh  air  from  out  of 
doors  or  return  from  the  building  and  reheat  it.  Distribution 
of  air  is  made  through  a  system  of  overhead  galvanized  iron 
piping,  discharging  downward  to  the  floor.  Both  apparatus 
utilize  exhaust  steam.  A  complete  underground  tunnel  system 
is  provided  for  distribution  of  steam,  electricity,  compressed 
air,  etc.,  and  return  of  condensation. 


THE    FORSYTH  AUTOMATIC  AIR   AND    STEAM 
COUPLER. 


This  device  is  designed  to  avoid  the  difficulties  which  are 
everywhere  experienced  in  maintaining  air  and  steam  hose 
connections  between  passenger  cars.  It  combines  metallic 
conduits,  as  substitutes  for  hose,  with  automatic  couplers, 
which  render  it  unnecessary  to  couple  the  connections  by 
hand.  The  construction  of  the  device  is  illustrated  in  the 
I 


END  ELEVATION. 
THE  FORSYTH  AUT0M.\TIC  AIB  AND  STEAM  COUPLER. 

accompanying  engravings.  In  the  coupler  heads  three  open- 
ings are  provided,  for  the  air  signal,  the  air  brake  and  the 
steam  lines,  in  the  order  named.  The  heads  are  supported  by 
conical  springs  attached  to  curved  brackets  which  are  attached 
to  the  stems  of  the  drawbars.  Connections  to  the  train  pipes 
are  made  by  flexible  metallic  conduits  with  metallic  joints, 
and  these  take  the  place  of  rubber  hose  connections.  To  drain 
the  steam  connections  and  prevent  freezing,  automatic  drips 
are  provided  near  the  coupling  heads  and  these  open  when 
the  steam  pressure  is  removed,  allowing  the  connections  to 
free  themselves  of  water. 

In  the  act  of  coupling,  these  heads  are  pressed  together  by 
the  spiral  springs  and  sufficient  pressure  is  maintained  to 
prevent  leakage  of  the  joints.  The  pipe  couplers  move  with 
the  car  couplers  and  couple  simultaneously  with  them.  For 
connecting  these  devices  to  cars  which  are  equipped  with  hose 
an  emergency  head  is  provided.  One  of  them  is  shown  in 
connection  with  the  plan  view.  These  couplers  have  been  in 
use  for  over  two  years  on  suburban  cars  of  the  Chicago,  Mil- 
waukee &  St.  Paul  Railway,  passing  four  times  every  day  over 


20-deg.  curves  in  Chicago,  and  they  are  reported  to  have  given 
no  trouble  by  leakage.  The  device  is  also  in  use  on  the  Chi- 
cago &  Alton  and  the  Frisco  system.  Further  information 
may  be  had  from  the  Forsyth  Automatic  Air  &  Steam  Coupler 
Company,  The  Rookery,  Chicago. 


DANGEROUS    PRACTICE    OF    PLUGGING    STAYBOLTS. 


Attention  has  recently  been  directed  to  the  fact  that  on 
some  railroads  men  in  the  roundhouse  are  permitted  to  plug 
the  telltale  holes  in  broken  staybolts  with  wire  nails  and  the 
ends  of  files,  which  are  tightly  driven  in  to  stop  the  leaks. 
It  seems  incomprehensible  that  anyone  who  knows  what  these 
holes  are  for  can  be  guilty  of  such  work,  or  that  any  but  an 
unworthy  master  mechanic  can  countenance  it  for  a  moment. 
We  are,  however,  assured  that  it  is  done.  The  drilling  of 
these  holes  is  vitally  important  to  the  safety  of  a  locomotive 
boiler  and  it  behooves  those  in  responsible  charge  to  see  that 
the  work  is  carefully  and  properly  done.  When,  by  the  escape 
of  steam,  the  holes  indicate  breakage  of  bolts,  the  boilermakers 
cannot  get  new  bolts  in  too  quickly.  Men  must  necessarily  be 
available  night  and  day  for  such  work.  A  broken  bolt  which 
gives  this  signal  of  its  fracture  may  be  surrounded  by  fifty 
others  which  are  broken  nearly  to  the  hole  and  yet  do  not 
indicate  their  weakness.  Because  of  the  difficulty  of  discovery 
of  partial  fractures  the  best  precautions  must  be  taken  to 
guard   against  this  danger.     In  connection  with  this  subject 


PLAN    VIEW    SHOWING     SPECIAL    HOSE    CONNECTION. 

our  attention  is  directed  to  the  facts  that  the  well-known 
hollow  staybolts  cannot  be  plugged  from  the  outside  without 
putting  the  fire  out,  and  that  the  holes  are  always  correctly 
located  and  are  always  ready  to  perform  their  important 
function. 


PINTSCH   LIGHTING    EQUIPMENT. 

A  statement  has  been  received  from  the  Safety  Car  Heating  and 

Lighting  Company,  showing  the  number  of  cars  and  locomotives  in 

various  countries  which  are  equipped   with  the  Pintsch  system  of 

compressed  gas  lighting.  It  also  includes  the  number  of  Pintsch 
gas  works  now  iu  operation  and  shows  the  number  of  gas  buoys  and 
beacons  which  are  iu  service.  The  statement,  which  is  complete  to 
May  of  this  year,  is  tabulated  as  follows : 

Loco-  Gas     Buoys  and 

Cars.            motives.  Works.     Beacons. 

Germany     42,850              5,200  71                 145 

Denmark     45  3                   21 

England     19,200                   18  87                 272 

Prance     6,758                    .  .  27                 240 

Holland    3,487                       5  10                  166 

Italy     1,537                    .  .  5                   15 

Switzerland     392                      2  1 

Austria     4.758                    .  .  10                      1 

Russia      3,360                   132  13                     21 

Sweden     710                     43  4                       2 

Servia     216 

Bulgaria      98                    .  .  1 

Turkey     114 

Egypt     76  3                   118 

Canada    202  3                   97 

Brazil     974                   31  1                    33 

Argentine    , 1,130                    .  .  10                      2 

Chili     46                    .  .  2 

India     10,200                    .  .  16 

Australia     2,053                    .  .  13                   38 

United    States    20,550                    .  .  63                 190 

Japan 150                    .  .  2                     4 

China     ..  1                   15 

Mexico     121                    .  .  1 

Total    119,031  5,431  347  1,380 

Increase   tor   the    year 6,840  434  . .  169 
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RAILWAY    SHOPS. 


BY  K.   II.   tiOlJLl!:. 


VIII. 


The  Planinci  M"ill. 


(IncUuling  the  Cabinet  Shop  and  Lumber  Yard.) 
The  planing  mill,  cabinet  shop,  and  lumber  yard  are  so 
mutually  interdependent  that  they  must  necessarily  be  consid- 
ered together,  and  in  nearly  all  plants  they  are  under  the  same 
Joint  supervision.  As  they  contribute  their  product  to  the  con- 
struction and  repair  of  both  locomotives,  passenger  equipment 
cars,  and  freight  equipment  cars,  and  usually  to  the  main- 
tenance of  building  as  well,  both  inside  and  outside  of  the  mo- 
tive power  department,  it  is  evident  that  their  proportions  can 
not  be  expressed  on  the  unit  basis;  that  is  to  say  they  cannot 
be  definitely  and  completely  stated,  in  so  many  square  feet  of 
floor  space  per  locomotive  stall  or  per  car  stall. 

The  only  practicable  method  of  approximating  the  dimen- 
sions, proportions,  and  relative  arrangement  to  be  adopted  for 
these  departments  of  a  proposed  plant,  is  to  list  up  the  principal 
existing  general  railway  repair  plants  of  the  country,  stating 
opposite  each  its  estimated  standing  capacity  for  locomotives, 
passenger   equipment    cars,    and    freight   equipment   cars,    to- 
gether with  the  floor  areas  for  planing  mill,  cabinet  shop,  and 
total.     The  analysis  of  such  a  tabulated  statement  will  afford 
the  only  known  basis  for  adopting  proportions,  but  even  then 
It  must  be  determined  what  relation  construction  work  and 
repair  work  are  to  bear  to  one  another.     Such  a  list  will  dis- 
close the  fact  that  planing  mill  proportions  vary  between  very 
wide  limits,  and  do  not  even  approximate  to  fixed  or  standard 
ratios;   also  that  the  proportion  of  space  allotted  to  planing 
mill  and  cabinet  shops  are  hard  to  determine;  this  being  large- 
ly due  to  the  fact  that  cabinet  shop  work  is  partly  machine 
labor  and  partly  hand  labor,  and  in  many  plants  the  machine 
work   is   done  in  the  planing  mill,  and  only  the  hand  work 
done  in  a  distinctive  place  of  its  own.     Such  a  list  will  also 
disclose  the  fact  that  the  combined  planing  mill  and  cabinet 
shop  department  of  the  new   general  shops  of  the  Canadian 
Pacific,  at  Montreal,  lead  in  point  of  size  and  capacity,  their 
floor  space,  in  square  feet,  being,  planing  mill  63,500,  cabinet 
shop  17,980,  total  81,480;  -there  are  two  or  three  plants  where 
the  cabinet  shop  is  slightly  larger,  but  none  which  approach 
this   in   general   floor   area.     The   reasons   for   providing   this 
exceptionally  large  planing  mill  plant  are  principally  the  facts 
that  lumber  and  labor  are  both  cheap  in  Canada,  and  the  con- 
ditions  are   generally   favorable   for  building   both   passenger 
equipment   cars   and   freight   equipment   cars;    besides   which 
there  are  very   few   outside   establishments   in   Canada   which 
are  able  to  handle  such  work  on  a  large  scale,  and  the  great 
car  building  shops  of  the  United  States  are  too  remote  to  be 
economically  availed  of.    A  close  second  to  the  Montreal  plant 
is  that  of  the  New  York,  New  Haven  and  Hartford,  at  Read- 
ville,  Mass;   here  the  floor  areas,  in  square  feet,  are,  planing 
mill,  43,750;  cabinet  shop,  20,000;  total,  63,750.    Readville  is  the 
nearest  example  of  a  large  and  modern  railway  planing  mill 
plant. 

When   the   layout   plan   of  a   proposed   new   shop  has  been 
completed,  the  first  impression  to  anyone  who  has  not  individ- 


ually worked  on  the  problem  is  that  the  planing  mill  is  very 
large  relatively  to  the  other  buildings;  but  when  that  shop 
is  considered  in  detail,  the  use  of  liberal  proportions  are  easily 
justified.  Both  the  bulk  and  the  quantity  of  materials  handled 
through  a  planing  mill  are  very  large  as  compared  with  those 
handled  in  any  one  of  the  iron  working  departments,  the  ma- 
chine shop,  for  instance;  and  in  the  planing  mill  these  condi- 
tions multiply  upon  themselves  for  the  reason  that  in  general, 
floor  storage  space  must  be  provided  both  before  and  after  each 
handling  through  a  machine.  It  is  for  this  reason  that  the  ratio 
of  floor  area  to  the  number  of  machine  tools  is  much  greater 
in  planing  mills  than  in  machine  shops,  a  well  known  fact. 
The  easy  and  economical  movement  of  lumber  through  the 
planing  mill  restricts  such  movement  to  the  direction  of  the 
length  of  the  pieces  being  handled,  and  this  forbids  the  use 
of  anything,  but  a  building  which  is  relatively  long  and  narrow, 
which  is  the  accepted  type  of  planing  mill  building,  subject 
to  considerable  variation  in  the  exact  proportion  of  length  to 
width.  Where  buildings  of  a  different  type  and  shape  are  found, 
it  is  generally  the  case  that  the  plant  is  small  or  of  moderate 
size,  and  that  the  planing  mill  has  been  combined  with  a 
car  shop  for  either  passenger  work,  freight  work,  or  both. 

In  a  combination  repair  shop,  locomotive  cabs  are  usually 
repaired  in  the  cabinet  shop,  and  make  a  considerable  demand 
on  floor  space;  this  fact  is  only  one  of  several  which  constitute 
a  strong  argument  for  keeping  the  cabinet  shop  on  the  ground 
level,  but  nevertheless  there  are  several  cases  where  they  are 
on  a  second  floor,  even  where  the  layout  suggests  that  they 
could  easily  have  been  located  on  the  general  ground  level.  It 
will,  however,  be  found  very  burdensome  and  expensive  to 
conduct  a  cabinet  shop  on  the  second  floor;  the  bulk  and  weight 
of  material  to  be  handled  both  in  and  out  of  the  shop  is  very 
considerable,  and  the  finished  product  goes  principally  into 
passenger  equipment  cars,  requiring  that  men  from  the  cabinet 
shop  must  follow  it  and  fit  it  in  place;  and  in  a  large  plant 
this  must  necessarily  be  done  on  the  ground  floor  of  another 
building  separate  and  distinct  from  the  planing  mill.  The  pre- 
ferred location  for  the  cabinet  shop  is  therefore  on  the  ground 
floor  and  intermediate  between  the  planing  mill  and  passenger 
car  shop,  and  actually  under  the  same  roof  with  one  or  the 
other;  such  is  the  arrangement  at  Readville,  and  it  is  ideal 
in  that  respect. 

The  amount  of  power  required  to  drive  a  planing  mill  is 
also  a  surprise  when  the  problem  is  first  approached;  although 
the  cutting  resistances  of  lumber  are  small  relatively  to  those 
of  iron,  yet  very  high  cutting  speeds  are  practicable,  and  their 
products,  the  power  used,  is  high.     With  the  steam  engine  as 
prime   mover  its   rotative   speed,   especially  for  high   powers, 
being  limited  to  low  figures,  the  typical  planing  mill  of  previ- 
ous days  has  been  an  object  lesson  which  probably  will  find 
no   parallel   in   the   future;    the  necessarily  great   increase   in 
rotative  speed   from  the  prime  mover  engine  to  the  various 
tools,  required  the  use  of  trains  of  pulleys  alternately  of  maxi- 
mum and  minimum  practicable  sizes;  the  design  of  the  various 
tools   required   that   some   should   be   driven   from   transverse 
shafts  and  some  from  longitudinal  shafts:  this  brought  into  the 
combination  the  quarter  twist  belt  with  its  mule  pulleys,  etc.: 
the  strains  on  the  belting  and  shafting  being  intermittent  and  in 
directions  at  right  angles  to  one  another,  the  roof  had  to  be 
heavily    trussed   and   braced   to   absorb   the   vibrations.     The 
planing  mill  designed  and  built  to-day  may  be  free  from  all 
these  troubles;  the  engine  and  boiler  room  annex  is  dispensed 
with  and  absorbed  in  the  main  power  plant;  there  is  no  jack 
shaft,  that  is  no  single  overhead  shaft  through  which  the  en- 
tire power  of  the  planing  mill  is  transmitted,  and  which,  in 
old  time  practice  was  the  source  and  centre  of  the  annoying 
vibrations  before  referred  to.     In  the  planing  miil  of  to-day 
each  tool  or  each  group  of  tools  may  have  its  own  motor,  usu- 
ally firmly  placed  on  the  floor;    no  quarter  twist  belt   is  re- 
quired, and  the  application  of  power  is  so  subdivided  through- 
out the  building  that  vibrations  of  the  structure  are  not  ap- 
parent.    At  Readville  there  are  nine  transverse  shafts  driven 
by  five  motors,  all  placed  on  the  floor,  and  supplying  the  bulk 
of  the  power  for  the  mill;    the  few  remaining  tools,   which. 
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either  from  their  design  or  from  convenience  of  handling  ma- 
terials, are  placed  at  right  angles  to  the  general  run  of  tools, 
are  driven  by  individual  motors  supported  from  the  roof  truss- 
es. Large  pulleys  are  noticeably  absent,  as  the  high  motor 
speeds  make  their  use  unnecessary. 

The  course  which  materials  follow  in  being  passed  through 
a  planing  mill  is  much  more  definite  and  uniform  than  in  the 
case  of  the  machine  shop,  for  instance;  it  is  consequently  ob- 
vious that  wood  working  tools  should  be  located  in  a  certain 
general  sequence,  such  as  cut  off  saws,  rip  saws,  timber  plan- 
ers, planing  and  matching  machines,  tenoning  machines,  mor- 
tising machines,  etc.,  with  the  other  lighter  and  miscellane- 
ous machines  filling  in  the  odd  spaces. 

As  practically  all  wood-working  tools  are  run  at  constant 
speeds,  and  as  the  planing  mill  is  the  one  particular  place 
where  sparks  are  a  dreaded  source  of  danger,  it  becomes  the 
ideal  place  for  the  use  of  the  alternating  current  induction 
motor,  which  is  both  constant  speed  and  sparkless.  These  con- 
siderations would  seem  to  compel  the  exclusive  use  of  the 
alternating  current  in  planing  mill  work,  and  indicate  that 
what  may  be  called  a  combination  power  plant,  that  is  a  plant 
producing  and  distributing  both  direct  current  and  alternat- 
ing current,  is  ideal  for  a  general  railway  repair  plant.  The 
rapid  development  and  perfection  of  alternating  current  ap- 
paratus, and  the  increasing  confidence  in  its  use,  make  the 
combination  practicable,  and  several  such  combination  power 
plants  are  to  be  found  in  railway  practice. 

The  disposition  of  shavings  is  somewhat  more  difficult  than 
formerly;  in  the  old  steam  driven  plant  the  adjacent  battery 
of  boilers  simplified  the  problem,  and  the  movement  of  shav- 
ings whether  by  hand  or  by  blast  was  a  comparatively  simple 
matter;  under  the  present  conditions  of  electric  drive,  the 
central  power  plant  is  often  so  far  removed  from  the  planing 
mill,  that  the  problem  of  disposing  of  the  shavings  presents 
considerable  engineering  difficulties;  this  has  led,  in  some 
instances,  to  placing  a  boiler  locally  at  the  planing  mill,  firing 
it  with  shavings  and  using  the  steam  in  the  dry  kiln  through- 
out the  year,  and  also  for  heating  in  the  winter  season. 

Two  necessary  adjuncts  to  the  planing  mill  are  the  dry  lum- 
ber shed  and  the  dressed  lumber  shed;  these  are  often  over- 
looked and  neglected  in  the  original  layout,  but  being  of  es- 
sential importance,  and  vital  parts  of  the  plants,  should  prop- 
erly be  included  and  considered  as  part  of  the  original  prob- 
lem; they  are  too  often  omitted  from  the  original  design  and 
construction,  and  if  subsequently  provided  at  all,  are  apt  to  be 
of  insufficient  capacity  under  stress  of  restricted  appropri- 
ations. Under  the  head  of  dry  lumber  is  included  all  hard- 
wood and  expensive  lumber  whether  kiln  dried  or  not,  and 
obviously  its  proper  place  is  at  the  incoming  end  of  the  mill; 
the  dressed  lumber  shed  is  particularly  useful  where  many 
freight  equipment  cars  are  to  be  built  new,  as  the  conditions 
of  economical  production  require  that  the  planing  .will  should 
keep  ahead  of  the  erecting  shop,  and  therefore  the  dressed  lum- 
her  shed  should  be  between  the  two.  Fine  structures  for  dry 
lumber  are  found  at  both  Montreal  and  Readville,  but  no  sep- 
arate shed  for  dressed  lumber  appears  on  the  plans  for  either 
place;  if  the  dry  lumber  sheds  are  used  for  the  storage  of 
dressed  lumber  as  well,  it  must  necessarily  be  accomplished 
by  at  least  one  retrograde  movement. 

The  dry  kiln  is  still  more  important,  but  is  little  understood, 
as  exact  information  regarding  its  arrangement,  proportions, 
and  output.  Is  very  scarce,  and  such  information  as  is  on 
hand  is  widely  scattered  and  seldom  available.  The  Division 
of  Forestry  of  the  United  States  Department  of  Agriculture, 
at  Washington,  D.  C,  is  collecting  information  on  the  subject 
and  intends  to  issue  a  bulletin  embodying  facts  and  conclu- 
sions; this  is  very  much  needed  and  will  be  of  very  great  serv- 
ice. It  is  known,  however,  that  the  forced  circulation  produced 
by  the  fan  in  the  modern  dry  kiln  has  very  greatly  increased 
its  output,  as  compared  with  the  old  method  of  natural  draft. 
The  dry  kiln  at  Readville  is  the  latest  and  most  accessible 
example  of  good  practice  in  this  line.  The  New  Haven  road  has 
nearly  2,000  passenger  equipment  cars,  including,  in  this  case, 
both  sleeping  cars  and  parlor  cars,  which  is  not  usual;  Read- 


ville being  intended  as  the  principal  maintenance  point  for  these 
cars,  a  capacious  and  efficient  dry  kiln  plant  was  a  necessity, 
bpecial  all-steel  long-wheel  base  standard  gauge  trucks  are 
surmounted  each  by  two  smaller  transverse  trucks  forming  a 
cradle  on  which  lumber  is  stacked;  when  the  combination  is 
run  into  one  of  the  compartments  of  the  dry  kiln,  the  two 
cradle  trucks  with  their  load  are  run  off  on  lateral  tracks  which 
are  arranged  at  a  proper  level,  and  allowed  to  remain  there 
until  the  drying  process  is  completed;  the  main  standard 
gauge  truck,  thus  released,  is  available  for  handling  other 
loads  in  or  out.  A  system  of  external  turntables  completes  the 
arrangement  by  which  the  several  compartments  of  the  dry 
kiln  are  brought  into  proper  working  relation  with  the  lumber 
yard  and  planing  mill  tracks.  In  some  modern  dry  kilns  the 
moisture  charged  air  which  has  been  forced  through  and  over 
the  wet  green  lumber  is  subsequently  passed  between  chilled 
pipes,  by  which  means  the  moisture  is  precipitated  and  the 
air  may  thus  be  used  over  and  over  again,  and  kept  warm 
with  a  moderate  use  of  fuel,  which  is  a  measure  of  economy, 
especially  in  cold  countries. 

A  study  of  lumber  yard  layouts  leads  to  the  conclusion 
that  only  a  few  have  been  carefully  planned,  while  the  ma- 
jority are  haphazard  in  their  general  features,  and  some  are 
thoroughly  inconvenient.  It  is  believed  that  the  most  conven- 
ient plan  is  for  the  road  tracks  to  be  connected  to  a  ladder 
at  one  end  only,  these  main  or  road  tracks  to  be  spaced  about 
30  ft.  centres,  and  to  have  a  cross  connecting  track,  with  turn- 
tables, at  the  end  of  the  yard  opposite  to  the  entrance  ladder; 
the  30  ft.  spacing  makes  it  possible  to  stack  16-ft.  boards 
crosswise  to  the  tracks,  and  leave  proper  clearances  at  both 
ends,  while  long  heavy  stuff,  such  as  sills,  may  be  piled  paral- 
lel to  the  tracks,  practice  having  proven  that  these  methods 
of  handling  these  two  classes  of  lumber  are  most  convenient 
and  economical;  short  oak  and  miscellaneous  stuff  may  be 
stacked  either  way,  in  order  to  utilize  remaining  space  to  the 
best  advantage.  With  a  lumber  yard  so  arranged  every  pile 
of  stuff  may  be  reached  by  a  hand  truck  from  either  one  of 
two  adjacent  tracks,  the  chances  of  both  tracks  being  blocked 
being  very  remote.  A  very  good  alternative  arrangement  is 
to  have  only  every  other  track  connect  with  the  ladder,  the 
intermediate  tracks  being  of  lighter  rail,  and  for  the  use  of 
hand  trucks  only,  road  cars  having  no  access  to  them.  With 
this  arrangement  the  Qft>ss  tracks  may  be  provided  with  turn- 
tables at  every  intersection  with  a  longitudinal  track  or  only 
at  its  crossings  with  the  intermediate  light  rail  tracks,  either 
arrangement  being  practicable.  One  or  two  of  the  lumber 
yard  trades  are  run  through  the  planing  mill,  and  besides  being 
used  currently  for  trucking  lumber  in  and  out  of  the  mill, 
will  often  be  found  convenient  for  handling  car  load  lots  of 
finished  lumber  for  shipment  to  outlying  points.  At  the  West 
Burlington  shop  of  the  C.  B.  &  Q.  a  depressed  track  enters  the 
mill  building  at  one  end  for  use  in  this  connection. 

It  will  be  found  a  very  convenient  working  arrangement  to 
locate  the  joint  office  of  the  planing  mill  foreman  and  the 
lumber  yard  foreman  (and  the  lumber  inspector,  if  there  is 
one, )  in  the  open  space  between  the  planing  mill  and  the  lum- 
ber yard,  and  in  general,  the  dry  kiln  is  within  reach  and 
observation  from  this  point. 

Up  to  the  present  time  hand  labor  has  been  exclusively  em- 
ployed in  lumber  yard  work,  but  with  operations  conducted  on 
such  a  large  scale  as  contemplated  at  Montreal  and  Readville, 
it  seems  entirely  probable  that  labor  saving  appliances  and 
machinery  electrically  driven,  could  be  introduced  to  advan- 
tage. These  two  large  plants  are  simply  precedents  in  point 
of  size,  and  may  be  frequently  duplicated,  or  even  exceeded 
in  the  future,  and  the  mechanical  talent  on  our  railroads 
should  not  fail  to  grasp  and  meet  the  situation  in  this  respect. 
(To  6e  continued.) 


The  Western  Railway  of  France,  has  adopted  electric  heat- 
ing for  their  special  "corridor"  trains,  after  an  extended  series 
of  tests.  Each  car  is  to  be  equipped  with  ten  electric  heaters, 
of  the  fbot-warmer  type,  which  will  be  arranged  in  two 
circuits  of  five  each. 


December,  1903.  AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.   4 SB 


STEEL    CAR   DEVELOPMENT. 


Pennsylvania.  Railuoau. 


in. 


(For  previous  article,  see  page  402.) 


The  first  large  all-steel,  twin  copper  gondolas  for  the  Penn- 
sylvania Railroad  were  delivered  by  the  Pressed  Steel  Car 
Company  July  27,  1898.  It  seems  tjut  a  short  time  since  this 
important  step  in  steel  car  development  was  taken.     It  was 


As  shown  on  page  354,  the  weight  ol  the  Gl  car  is  39,150 
lbs.  Its  cubical  capacity  is  1,897  cubic  ft..  Including  the 
heap  over  the  top,  and  the  ratio  of  dead  to  paying  load  Is 
36.4  per  cent.  Its  success  is  due  to  the  fact  that  the  facility 
of  unloading  coal  and  ore  made  it  very  popular  with  shipiKMn. 

The  backbone  of  the  Gl  car  Is  a  pair  of  flshbellled  pressed 
steel  channels  17  in.  deep  at  the  center  and  10  In.  deep  at 
the  ends.  They  are  continuous  through  the  length  of  the 
car,  33  ft.,  and  the  bolsters  are  riveted  to  them.  These  sills 
receive  the  draft  gear  and  are  spread  12"'>(  in.  apart  to  re- 
ceive the  Westinghouse  friction  gear,  which  has  been  applied 
to  all  of  the  recent  steel  cars  on  this   road.     The  side  sills 


CLASS  Gl  steel  car.        steel    cab    development — PENNSYLVAJ<1A    KAILKOAU. 


an  important  step  because  this  Gl  car  remains  until  now  the 
standard  coal  car  of  this  road.  This  type  of  construction  was 
brought  out  in  pressed  steel  on  the  Bessemer  &  Lake  Erie, 
and  its  adoption  by  the  Pennsylvania  settled  the  form  and 
type  of  the  largest  number  of  steel  cars  built  in  this  country 
up  to  the  present  time.  As  already  pointed  out,  the  form 
was  drawn  from  the  class  Gu  wooden  car.  The  design  of  the 
Gl  car  was  contemporaneous  with  the  Gm  car,  illustrated  in 


of  this  car  are  also  continuous  and  of  the  same  form  and 
size  as  the  center  sills,  except  that  the  side  sills  are  of  %  In. 
plate,  while  the  center  sills  are  %  in.  thick.  In  both  cases 
the  flanges  of  the  channels  are  3%  in.  wide.  This  construction 
neglects  the  possibility  of  utilizing  the  sides  of  the  car  as 
trusses  to  aid  in  carrying  the  load  and  the  heavy  side  sills 
might  have  been  omitted,  which  would  have  saved  a  great 
deal  of  weight  and  considerable  expense. 


I'lLi-L'j 
I    Lt kW- >\ 

BODY    BOLSTEE    CONSTRUCTION — CLASS    Gl  STEEL  CARS.      PENNSYLVANIA  BAILBOAD. 


this  journal  in  November.  It  is  almost  exactly  the  same  now 
as  when  first  designed,  but  it  will  probably  be  redesigned  in 
order  to  save  weight,  but  without  in  any  way  impairing  its 
strength.  This  car  was  built  originally  for  the  lines  west  of 
Pittsburgh  and  was  used  for  coal  in  one  direction  and  ore 
in  the  other.  It  was  designed  by  the  Schoen  people  and 
adopted  by  them,  with  modifications,  for  a  large  part  of  the 
equipment  of  this  type  built  for  other  roads. 


With  continuous  center  sills  the  lower  portions  of  the  body 
bolster  were  cut  and  made  in  the  form  of  trough-shaped  dia- 
phragms, but  the  bolster  proper  lies  on  top  of  both  center  and 
side  sills,  and  by  its  form  is  made  to  take  some  of  the  load 
from  the  sloping  floor  through  a  trough-shaped  floor  support, 
wuich  bears  on  the  bolster.  This  arrangement  gives  plenty 
of  room  for  the  bolsters,  and  it  is  easy  to  understand  why 
these   cars   do  not  get  "down  on  their  side  bearings."     The 
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DETAILS   OF  DRAFT  GEAR  ATTACHMENT WESTINOHOUSE CLASS   Gl.    CARS. 


accompanying  drawings  are  selected  with   a  view  of  render- 
ing an  extended  description  unnecessary. 

In  all  of  the  later  forms  of  construction  the  center  sills  are 
continuous,  and  the  bolsters  are  formed  of  trough-shaped  dia- 
phragms between  them,  with  longer  trough-shaped  diaphragms 
between  the  center  and  side  sills,  riveted  to  their  webs. 

The  end  sills  of  tlie  Gl  car  are  trough-shaped  pressed  plates 

,  Westinghouse  friction  gear  had  been  long  enough  in  service 

to   determine   whether   it  had   reached    its   full    development. 

and   as   a   matter   of  fact,   a  number   of  changes   were  after- 

of    %-in.    material,    fitting   over   the   end   of   the   longitudinal 


sills  and  forming  strong  end  construction.  They 
are  cut  for  the  coupler  shank  and  reinforced 
at  this  point  by  pressed  plate  angles. 

This  road  has  gone  very  thoroughly  into  the 
matter  of  draft  gear  for  large  capacity  cars, 
and  nearly  three  years  ago  decided  to  apply 
nothing  but  friction  gear  to  this  equipment. 
The  first  Gl  cars  were  equipped  with  double 
twin  spring  draft  gear  in  which  two  sets  of 
springs  were  used  in  pullirg  and  two  other 
sets  were  put  in  under  initial  compression  with 
but  %-in.  of  motion  left.  In 
buffing  the  follower  pushed  in 
pins  which  acted  through  the 
center  oi:  the  springs,  against 
the  follower  plate  and  loaded 
the  second  pair  of  springs. 
At  the  time  this  gear  was  de- 
signed it  was  not  thought 
that  the  "Westinghouse  friction 
gear  had  been  long  enough  in 
service  to  determine  whether 
it  had  reached  its  full  develop- 
ment, and  as  a  matter  of  fact,  a  number  of  changes  were  after- 
ward made  in  it.  The  spring  gear  gave  fair  service,  but  it  was 
soon  found  that  the  Westinghouse  gear  was  perfected  so  as 
to  offer  substantial  advantages  over  springs  alone,  and 
the  spring  gear  was  abandoned  in  its  favor.  Since  its  first  adop- 
tion this  road  has  not  used  any  but  friction  gear  on  large 
capacity  cars.  The  Sessions  standard  friction  gear  is  now 
applied  to  a  number  of  cars  on  this  road.  The  form 
of  attachments  for  the  Westinghouse  draft  gear  on  Gl  cars 
is  illustrated  in  one  of  the  accompanying  engravings.  In 
fact  this  arrangement  is  the  one  in  use  on  all  present  types 
of  steel  cars  on  this  road. 


THE    APPRENTICE  QUESTION. 


Mr.  W.  O.  Thompson,  division-superintendent  of  motive  power 
of  the  New  York  Central  at  Oswego,  N.  Y.,  in  a  paper  read  last 
month  before  the  Central  Railroad  Club,  presented  some  of 
the  features  of  the  apprentice  problem,  in  a  way  which  should 
revolutionize  practice  in  every  railroad  shop  in  the  country. 

In  the  opinion  of  the  editors  of  this  journal  Mr.  Thompson 
stated  the  case  better  than  it  has  ever  been  stated  before. 
The  following  paragraphs  indicate  its  practical  and  sensible 
character.  The  author  is  certainly  correct  as  to  wages,  unless 
the  railroads  establish  schools  for  apprentice  instruction: 

"The  average  American  boy,  enters  railroad  shops  at  a 
salary  that  is  not  sufficient  to  take  his  girl  to  the  circus  and 
buy  peanuts,  all  in  the  same  evening,  it  does  not  take  him 
long  to  see  that  the  helper  who  does  not  know  as  much  as  the 
boy,  after  he  has  served  three  months,  is  getting  enough  to 
make  him  a  comfortable  living,  and  that  if  the  helper  shows 
himself  a  little  proficient  in  some  certain  part  of  the  business, 
he  is  paid  a  full-fledged  mechanic's  wages  in  a  year  or  two. 
He  also  notices  that  it  has  been  the  policy  of  the  railroads  to 
better  the  condition  of  every  one  in  financial  and  other  ways 
from  tlie  president  to  and  including  the  'Dagos'  on  the  section, 
with  the  exception  of  the  apprentice.  He  also  notices  that  he 
is  looked  upon  with  disfavor  by  a  good  many  mechanics  and 
barely  tolerated  by  the  sub-foremen;  seldom  noticed  by  the 
general  foreman;  and  in  a  good  many  cases  the  division  of- 
ficer or  superintendent  of  motive  power  is  further  away  from 
him  than  the  North  Star.  Under  such  circumstances  is  it  any 
wonder  that  our  boys  get  discouraged? 

"What  is  needed  is  a  complete  change  of  heart  and  methods 
in  regard  to  the  apprentices.  Instead  of  considering  them  as 
apprentices,  we  should  look  at  it  in  the  same  light  as  we  do  in 
turning  out  more  work  every  year  for  a  given  amount  of 
money  and  the  pace  should  be  set  by  the  highest  division  officer, 
and  he  should  consider  the  welfare  of  his  appreutices  his  para- 
mount duty,  and  in  that  way  create  the  opportunity  of  filling 
his  shop  with  men  fully  prepared  to  successfully  cope  with 
their  chosen  profession. 


"Apprentices'  wages  are  altogether  too  low.  Instead  of  com- 
pelling the  boy  to  work  one  year  for  5  or  6  cents  an  hour,  he 
should  work  only  six  months  for  that  pay.  The  next  year  his 
wages  should  not  be  less  than  $1  a  day.  The  next  year  he 
should  be  paid  nearly  as  much  as  the  ordinary  helper.  The 
next  year  and  the  last  six  months  of  the  fourth  year  he  should 
be  paid  as  much  as  the  ordinary  and  special  helpers'  respec- 
tively, it  is  of  the  utmost  importance  that  very  careful  con- 
sideration be  given  to  the  critical  period  of  a  boy's  life,  that 
is  at  the  time  of  the  completion  of  his  apprenticeship.  The 
practice  of  discharging  an  apprentice  when  his  time  is  out 
is  decidedly  wrong.  The  proper  time  to  get  rid  of  undesirable 
apprentices  is  the  first  six  months  or  a  year  at  the  latest. 

"Saiisfactory  results  cannot  be  obtained  in  any  apprentice 
system  without  the  proper  interest  being  taken  by  the  fore- 
men to  train  an  apprentice.  The  apprentice  is  the  coming 
forem-an,  master  mechanic  and  superintendent  of  motive  power. 
The  most  vital  part  in  the  training  of  apprentices  is  the  selec- 
tion of  mechanics  as  their  instructors.  It  is  not  possible  to 
obtain  even  medium  results  with  boys  without  developing 
them  outside  of  shops  and  to  gain  that  which  will  be  of  lasting 
benefit  to  the  boys  and  railroad  companies  as  well,  and  an 
apprentice  club  or  association  should  be  formed  where  boys  who 
have  not  been  fortunate  enough  to  get  technical  education  can 
secure  information  on  a  variety  of  subjects  that  will  put  them 
on  an  equality  which  their  more  fortunate  brothers.  No  ap- 
prentice system  that  can  be  devised  will  ever  be  a  success  un- 
less every  one,  from  the  highest  official  to  the  mechanic  en- 
trusted with  the  education  of  the  boy,  appreciates  the  respon- 
sibility connected  with  starting  an  apprentice. 

"We  all  point  with  pride  to  our  special  apprentice  boys  who 
have  had  the  advantage  of  a  technical  training.  We  spend  our 
company's  money  to  re-educate  them  to  the  practical  side  of 
railroad  life  and  as  far  as  my  observation  goes  with  the  same 
amount  of  money  spent  and  the  same  pains  taken  in  the  way 
of  giving  the  ordinary  apprentice  a  chance  for  self-education 
suitable  for  shop  apprentices,  we  will  get  better  mechanics, 
more  capable  foremen  and  officers  for  higher  positions  than  can 
be  obtained  in  any  other  way." 
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NEW     PASSENGER    LOCOMOTIVE. 


Wabash   Railroad. 


4 — 4 — 0   TYPE. 


At  the  Brooks  works  of  the  American  Locomotive  Company 
some  fine  new  passenger  locomotives  are  being  completed  for 
the  Wabash  Railroad.  They  have  steel  frames,  cast  in  a 
single  piece,  piston  valves  with  inside  admission  and  direct 
motion.  The  tractive  effort  is  23,500  lbs.  In  the  drawings 
of  the  boiler  the  tendency  toward  providing  wider  water 
spaces  for  circulation  is  noticeable.  The  water  space  in  front 
of  the  firebox  is  .'>  in.,  at  the  sides  and  back  the  space  is  4% 
in.    The  tubes  are  2  in.  in  diameter,  with  %  in.  bridges.   These 


Thickness  of  plates  In  barrel  and  outside  of  flrebox : 

11-16,  %,  9-16,   %,   %   In. 

Firebox,  length   102  Ins. 

Firebox,  width 63  Ins. 

Firebox,  depth   Front,  75V4  ln».  i    back,  65'/4   Ins. 

Firebox   plates,   thickness : 

Sides,  %  In. ;    bark,  %  In. ;    crown,  %  In. ;   tube  sheet,  V,  In. 

Firebox,  water  space Front,  5  Ins.;    sides,  4'/4   In.;    back,  4%   Ins. 

Tubes,  material  and  gauge \ Iron  ;    11  B.  W.  G. 

Tubes,    number   294 

Tubes,  diameter    2   Ins. 

Tubes,  length  over  tube  sheets 16  ft.  4  Ins. 

Ileiitlng  surface,  tubes   2,409  sq,  ft. 

IlL'.iting  surface,  firebox 177  sq.  ft. 

Hoatlng  surface,  total   2  t;76  sq.  ft. 

Orate  surface 4.?. 7  sq.  ft. 

Grate,    stylo   Rocking 

Kxhaust  nozzles   5%   Ins.  diameter 

Smoke  stack,  Inside  diameter 14*,^  and  16%    ins. 

Smoko  stack,  top  above  rail 15  ft.  3  Ins. 

Boiler  supUed  by Two  No.  10  Ohio  Injectors 

Tender. 

Style    Eight-wheeled 

Weight,  empty    '■ 55,460  lbs. 

Wheels,  diameter   36  Ids. 


PASSENGER  LOCOMOTIVE— 4-4-2  TYPE— WABASH  RAILROAD. 

J.  B.  Baunes,  Superintendent  Motive  Power.  amebican  locomotive  co.,  bbooks  works,  Builders. 


engines  have  brake  shoes  on  all  wheels,  including  the  trailers 
and  truck  wheels.  For  the  trailers  the  usual  provision  for 
side  motion  is  made.  These  locomotives  are  equipped  with 
high-speed  Westinghouse  air  brake,  with,  retaining  valves  on 
the  drivers. 

PASSENGER   LOCOMOTIVE WABASH   KAILBOAD. 

Ratios. 

Heating  surface  to  cylinder  volume =  257 

Tractive  weight  to  heating  surface =    36.2 

Tractive  weight  to  tractive  effort ; =      4.75 

Tractive  effort  X  diameter  of  drivers  to  heating  surface =:  703 

Heating  surface  to  tractive  effort =;    11.4% 

Total  weight  to  heating  surface =    68. 

General  Dimensions. 

Gauge   4  ft.  8%   ins. 

Fuel    Bituminous   coal 

Weight  in  working  order 180,700  lbs. 

Weight  on  drivers   96,700  lbs. 

Weight  engine  and  tender  in  working  order 310.700  lbs. 

Wheel  base,  driving 7  ft.  6  Ins. 

Wheel  base,  rigid   7  ft.  6  ins. 

Wheel  base,  total 30  ft.  11  %    ins. 

Wheel  base,  total,  engine  and  tender 56  ft. 

Cylinders. 

Diameter  of  cyl  inders    21  ins. 

Stroke  of  piston    26  ins. 

Horizontal  thickness  of  piston 6^^  ins. 

Diameter  of  piston  rod 3%  ins. 

Size  of  steam  ports 1%   ins.  x  25  %  ins. 

Size  of  exhaust  ports 65  sq.  ins. 

Valves. 

Kind  of  valves   Piston 

Greatest  travel  of  valves 5  9-16  ins. 

Outside  lap  of  valves 1  %  ins. 

Inside  lap  of  valves 0  ins. 

Lead  of  valves  in  full  gear 1-16  in. 

Wheels      Etc. 

Number  of  driving  wheels _ 4 

Diameter  of  driving  wheels  outside  of  tire ' S3   ins. 

Material  of  driving  wheel  center.s Cast  steel 

Thickness  of  tire   3V3    ins. 

Tire  held  by Shrinkage  and  retaining  rings 

Driving  box  material    Cast  steel 

Diameter  and  length  of  driving  journals 9^^  ins.  diameter  x  12  ins. 

Diameter  and  length  of  main  crankpin  journals: 

6IA  ins.  diameter  x  6%  ins. 
Diameter  and  length  of  side-rod  crankpin  journals  : 

7%  ins.  diameter  i  4^4  ins. 

Engine  truck,   kind    Swing 

Engine  truck  Journals 6  ins.  diameter  x  12  ins. 

Diameter  of  engine  truck  wheels 36  ins. 

Kind  of  engine  truck  wheels McKee-Fuller  spoke 

Boiler. 

Style Radial  stayed  extended  wagon  top 

Outside  diameter  of  first  ring 64V4    ins. 

Wlorklng  pressure    200   lbs. 


Journals,  diameter  and  length 5^  ins.  diameter  x  10  ins. 

Wheel   base 17    ft. 

Water  capacity    6,000  U.   S.  gals. 

Coal  capacity   12  tons 


WHY    DO    STAYBOLTS    BREAK? 


The  following  is  taken  frona  a  paper  read  at  the  Foreman  Boiler 
Makers'  Convention  at  Chicago  by  Mr.  John  Livingstone : 

Your  chairman  produced  a  board  to  show  171  heads  of  staybolts 
from  the  right  side  of  the  fire  box  on  the  fireside  sheet  of  a  loco- 
motive ;  at  least  75  out  of  the  171  were  burned.  You  have  held 
that  the  breakage  of  staybolts  is  due  to  expansion  and  contraction, 
and  imable  to  counteract  the  expansion  and  contraction  with  the 
solid  staybolt,  discussion  centered  on  flexible  staybolts. 

Too  little  heed  was  paid  to  the  lesson  taught  on  the  board,  too 
little  consideration  was  given  to  the  prima  facie  fact,  that  44  per 
cent,  of  the  heads  of  those  staybolts  were  burned.  When  the  bolts 
commence  to  burn  at  the  inside  of  the  sheet,  the  burning  continues 
inward  imtil  protected  by  the  water.  The  heat  that  causes  the 
burning  causes  expansion  at  its  inner  end,  and  in  the  hole  of  the 
sheet ;  and  that  expansion  is  met  by  resisting  expansion  in  the 
sheet  (solid  against  solid)  with  risk  that  both  the  sheet  and  the 
bolt  will  crystallize.  The  sheet,  which  may  also  bum,  may  crack 
between  the  bolts ;  the  bolts  will  break,  not  always  where  the  force 
of  rigid  compression  obtains ;  sometimes  where  by  the  concentra- 
tion of  force  there,  the  other  part  of  the  bolt  snaps  under  the  vary- 
ing vibrations  and  strains  it  has  to  endure.  The  sheet  in  ordinary 
service  cannot  be  burned  so  long  as  there  is  water  behind  it,  for 
iron  has  capacity  to  convey  to  the  water  the  heat  it  obtains  from 
the  fire,  however  fierce ;  but  if  burning  is  commenced  at  the  inner 
end  of  the  staybolt  it  will  extend  outward  and  imperil  the  sheet 
immediately  around  it. 

Though  riveted  close  to  the  plate  the  inner  end  of  the  bolt  is 
only  mechanically  in  touch  with  the  plate,  and  cannot  exercise  the 
functions  of  the  sheet  in  giving  to  the  water  the  heat  by  which  it 
is  attacked.  The  water  protects  the  sheet  from  burning  and  the 
heat  passes  through  the  iron  to  the  water. 

To  avert  the  risk  of  burning  from  the  inner  end  of  the  bolt  out- 
ward, there  is  only  one  way  and  that  is  with  air  through  the  cen- 
ter of  the  bolt  and  the  water  around  it ;  nor  can  you  unduly  ex- 
pand a  bolt  of  that  character.  It  will  receive  the  force  of  the 
expanding  sheet  without  the  resistance  of  its  own  power  of  expan- 
sion to  the  extent  occurring  in  a  solid  bolt. 
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RAILROAD  SHOP   MANAGEMENT. 


By  Wim.iam   S.  Cozad,  Norfolk  &  Western   Railway. 


I. 


Long  experience  in  locomotive  and  car  shop  work  tias  proven 
very  conclusively,  I  think,  to  the  average  shop  manager  that 
any  system  of  shop  supervision  that  is  not  founded  on  the 
principle  of  co-nperation  or  of  renumerating  the  employee  ac- 
cording to  the  amount  of  service  performed,  whether  of  brain 
or  muscle,  affords  neither  substantial  justice  to  the  workman, 
for  sufficient  returns  to  the  owner  for  capital  invested. 

In  a  railway  repair  shop  where  almost  every  conceivable 
class  of  work  is  performed  from  tapping  a  nut  to  building  a 
locomotive  complete,  it  is  generally  conceded,  in  the  light  of 
all  the  knowledge  we  have  on  the  subject  at  present  at  least, 
that  sti'aight  piece-work  or  a  fixed  price  for  each  operation, 
when  properly  applied,  is  best  adapted  to  such  a  great 
variety  of  work.  The  object  of  this  article,  therefore,  will  be 
to  discuss  in  a  general  way,  the  subject  of  shop  organization 
and  the  relation  which  must  exist  between  the  management 
and  the  men  before  any  decided  steps  caa  be  taken  towards 
putting  the  shop  on  a  satisfactory  piece-work  basis. 

In  entering  into  this  work  it  is  necessary  to  understand  that 
the  introduction  of  piece-work  in  any  department  changes,  not 
only  every  condition,  but  the  entire  atmosphere  of  the  shop, 
and  one  of  the  first  things  to  be  remembered  by  the  foreman  is 
that  he  is  dealing  with  a  body  of  intelligent  men,  who,  like 
himself,  are  always  on  the  lookout  for  their  own  best  interests 
and  any  dishonest  methods  or  dark  lantern  processes  will  be 
destined  to  end  in  failure. 

The  foreman  and  his  immediate  subordinates,  who  are  held 
responsible  for  results,  must  recognize  the  fact,  especially  if  it 
be  a  large  plant  on  which  the  eye  of  the  management  is  continu- 
ally centered,  that  the  average  genera!  manager  or  superiii- 
'tendent  of  motive  power  is  not  a  piece-work  expert,  and  if  he 
were,  he  has  no  time  to  look  into  details,  and  must  necessarily 
hold  his  subordinate  officers,  such  as  general  foremen,  fore- 
men of  departm.ents  and  gang  foremen,  responsible  for  the  suc- 
cessful operation  of  the  shop. 

Ihe  master  mechanic  or  general  foreman  who  has  kept 
pace  with  the  times  will  not  need  to  be  told  that,  until  very 
recently,  in  the  discussion  of  this  subject  by  the  higher  rail- 
road officials  at  their  association  meetings  about  two  out  of 
every  three  were  opposed  to  piece-work  in  any  form  in  a  repair 
shop,  and  many  motive  power  officers  are  not  yet  willing  to  ad- 
mit that  this  system  of  paying  for  work  can  be  made  suc- 
cessful in  certain  departments.  So  that,  after  all,  the  introduc- 
tion of  piece-work  is  a  matter  of  education. 

The  foreman,  then,  must  feel  that  if  piece-work  is  introduced 
into  his  shop  at  all,  it  will  be  due  almost  entirely  to  his  efforts; 
and  whatever  of  success  it  is  attended  with,  is  properly  to  be 
credited  to  himself  and  the  men  in  his  charge. 

In  almost  every  day-work  shop  ninety  out  of  every  hundred 
men  are  opposed  to  piece-work.  And  why?  Because  they 
fear  It  will  eventually  result  in  a  general  reduction  of  their 
wages;  that  it  will  finally  reduce  the  number  of  men  em- 
ployed in  the  shop  and  will  at  last  either  dispense  with 
the  services  of  the  old  men.  or  require  them  to  work  much 
harder  at  a  reduced  compensation. 

This  last  named  objection  should  be  given  careful  consid- 
eration. The  railroads  of  the  .country  owe  a  debt  of  grati- 
tude to  their  old  employees.  They  should  be  taken  care  of 
and  should  not  be  required  to  work  piece-work,  except  at 
their  own  request. 

Mr.  Carnegie,  in  his  "Gospel  of  Wealth."  argues  that  age 
Is  not  a  condition  made  by  human  institutions,  and  the  right 
to  weed  out  old  men  is  decreed  by  natural  law,  which  law, 
says  he,  "may  be  sometimes  hard  for  the  individual,  but  is 
best  for  the  race,  because  it  insures  the  survival  of  the  fittest 
in  every  department."  The  privilege  to  carry  out  this  idea 
may  be  necessary  in  the  management  of  a  private  concern 


but  any  attempt  to  introduce  piece-work  with  this  end  in  view 
ought  to  be  doomed  to  failure. 

Some  men  never  grow  old,  except  in  years,  and  in  my  ex- 
perience I  have  frequently  come  in  contact  with  employees 
who  were  on  the  downward  march  in  life,  who  could  take 
the  piece-work  prices  of  the  average  mechanic  and  very  ma- 
terially increase  their  day  rate,  and  were  glad  of  the  oppor- 
tunity to  do  so. 

In  another  article  on  this  subject,  I  shall  attempt  to  sliow 
that  it  is  not  the  unusual  effort  of  the  workman  that  brings 
about,  both  increase  in  the  out-put  of  the  shop  and  in  the 
wages  of  the  man,  but  the  introduction  of  improved  tools 
and  a  systematic  method  of  handling  the  work. 

But  going  back  to  the  subject  in  hand,  a  very  large  part 
of  all  that  has  been  read  and  heard  by  the  man  in  the  shop 
on  the  subject  of  piece-work  in  the  past,  has  been  to  effect 
that  it  is  detrimental  to  the  best  interests  of  the  average 
mechanic;  and  it  is  a  fact  which  we  have  to  admit,  that 
in  many  instances  in  the  past,  piece-work  has  been  the  means 
in  the  hands  of  unscrupulous  and  dishonest  foremen  to  take 
advantage  of  honest  workingmen  in  depriving  them  of  a 
just  rev/ard  for  honest  toil.  Entire  confidence,  of  the  men, 
then,  is  the  first  thing  necessary,  and  the  intelligent  fore- 
man, or  general  foreman,  or  master  mechanic,  or  superintendent 
of  motive  power,  for  that  matter,  if  he  would  finally  succeed  in 
this  work,  will  not  bein  any  big  hurry  about  putting  a  great  num- 
ber of  prices  into  effect,  but  will  go  to  work  diligently  to  first 
win  the  confidence  and  good  will  of  the  men  anil  bring  about 
a  general  good  feeling  in  the  shop.  And  while  this  process 
is  going  on  it  is  very  essential  that  the  foreman  and  those 
in  charge  of  the  various  departments  of  the  shop  look  about 
them  and  see  if  there  are  not  a  great  many  things  that  need 
to  be  given  attention  in  order  to  insure  better  results,  even 
on  a  day  work  basis.  A  careful  inspection  of  the  shop  may 
disclose  the  fact  that  there  is  a  great  deal  of  material  scat- 
tered about  that  ought  to  be  in  the  scrap  pile,  or  at  least 
does  not  belong  inside  the  shop.  No  good  ever  came  from  a 
dirty  shop.  Dirty,  greasy  machines;  old  castings,  forgings, 
useless  bolts,  scrap  and  many  other  things  that  might  be  men- 
tioned, if  left  lying  about  the  shop,  are  demoralizing  to  the  work- 
men and  create  an  atmosphere  of  indifference,  slovenly  ways 
and  expensive  methods  of  doing  the  work. 

One  of  the  leading  superintendents  of  motive  power  in 
this  country  once  said  to  me  while  I  was  in  his  service, 
"Show  me  the  conditions  under  which  men  work  in  any  shop 
and  I  will  tell  you  not  only  the  quality  of  the  work,  but  the 
cost  as  well."  Therefore  one  of  the  first  moves  to  malte  in 
preparing  for  the  successful  introduction  of  piece-work  is 
to  "clean  up,"  and  then  "keep  cleaned  up."  You  must  figure 
that  when  men  are  on  a  piece-work  basis  they  have  no  time 
to  climb  over  piles  of  useless  material.  They  cannot  work 
on  engines  to  the  best  advantage  with  all  kinds  of  unnec- 
essary material  in  the  way.  Blocking  lying  about  the  floor. 
Old  lagging,  truck  wheels,  dome  casings,  driving  wheels, 
scrap  and  all  work  as  fast  as  taken  down,  virhere  there  is 
not  a  special  department  set  aside  for  this  work,  must  be 
kept  cleaned  away  to  allow  the  men  to  work  to  best  advan- 
tage. 

Cultivate  among  the  men  by  precept  and  example  a  spirit 
of  activity  and  energy.  And  the  workman  who  wishes  to 
forge  to  the  front  will  show  to  his  superiors  that  he  de- 
lights in  his  work;  that  he  is  never  so  happy  and  contented 
as  when  busily  engaged  in  the  work  of  the  shop. 

"The  first  external  indication  of  the  dry-rot  in  men,"  says 
Dickens,  "is  a  tendency  to  lurk  and  lounge;  to  do  nothing 
tangible  to-day,  but  to  have  an  intention  of  performing  a 
number  of  tangible  things  to-morrow  or  the  day  after." 

The  successful  management  of  a  large  body  of  men,  or 
any  number  of  men  for  that  matter,  no  doubt,  depends 
largely  on  the  personality  of  the  foreman,  but  after  all,  the 
foundation  of  governing  and  being  governed  was  laid  cen- 
turies ago  in  that  old  rules  of  rules,  "Do  unto  others  as  you 
would  have  others  do  to  you."  Justice  must  be  the  spirit 
that  actuates  an<3   controls  our  movements.     A  broad  appli- 
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tion  of  the  spirit  of  right  between  man  and  man  is  the  only 
thing  that  will  pay  10  per  cent,  on  the  investment. 

Men  must  understand  that  they  are  appreciated;  that  the 
success  or  failure  of  the  Institution  is  with  them;  that  if 
success  attends  the  operations  of  the  shop,  the  credit  will 
belong  largely  to  the  men  in  the  ranks.  "Too  much  still 
remains  of  the  old  idea  that  work  is  a  curse,  a  punishment, 
instead  of  being  tho  only  real  pleasure  in  life." 

Every  man  ha.s  a  right  to  make  each  day  stand  for  some- 
thing. In  all  the  nooks  and  corners  of  human  existence  there 
is  no  place  for  an  idler,  or  dreamer.  It  is  better  to  carry 
a  hod  or  wield  a  shovel  in  an  honest  endeavor  to  be  of  some 
use  to  the  community  than  to  be  nursed  in  wealth  and  live 
oft  the  toil  of  others.  The  man  who  sets  himself  earnestly 
at  work,  no  matter  what  the  sort  of  labor,  dispels  at  once 
all  the  elements  of  discontent,  doubt  and  envy  and  applies 
a  sure  remedy  for  that  disease  commonly  known  as  the 
"blues."  He  takes  a  new  lease  of  life,  and  the  successful 
shop  manager  must  educate  his  men  to  be  energetic,  indus- 
trious, active,  always  on  the  alert  looking  for  some  means 
of  bettering  the  service. 

Sir  Walter   Scott,   writing  to  his   son  at  school,  said,   "I 


cannot  too  much  impress  upon  your  mind  that  labor  is  th« 
condition  wnich  God  has  imposed  upon  us  in  every  station 
of  life;  there  is  nothing  worth  having  that  can  bo  had  with- 
out It "  It  Is  still  water  only  that  becomes  stagnant  and 
is  finally  covered  with  the  green  scum  of  inactivity.  The 
running  brook  at  all  times  sparkles  with  the  living  fire  of 
usefulness. 

To  the  master  mechanic  or  general  forman  who  contem- 
plates the  introduction  of  piece-work  at  some  future  date, 
let  me  suggest  that  if  you  have  not  already  done  so,  there 
is  no  move  which  you  can  make  which  will  so  materiall; 
assist  the  sub-foreman  in  carrying  out  the  above  suggestions 
and  .so  quickly  instill  new  life  into  the  entire  shop,  as  tht. 
organization  of  a  Shop  Foremens'  Association,  to  meet  at 
Ftated  periods,  say  once  each  month,  to  discuss  means  ana 
methods  of  bettering  conditions  and  increasing  the  out-put 
of  the  shop.  It  may  be  that  changes  will  necessarily  have  to 
be  made  before  you  are  in  a  position  to  consider  piece-work 
at  all,  and  there  can  be  no  better  way  of  finding  out  just 
what  the  conditions  are  than  by  calling  together  and  con 
suiting  those  in  immediate  charge  of  the  work. 
(To  6e  continued.) 


HEAVY    FREIGHT    LOCOMOTIVE. 


Lake  Shore  &  Michigan  Southern  Railway. 


2—8—0    TYPE. 


some  of  the  details  of  construction. 

The  previous  article  on  this  subject  appeared  on  page  415 
of  the  November  number  of  this  journal,  and  the  description 
will  require  another  article  in  addition  to  the  present  one. 
The  design  represents  special  efforts  on  the  part  of  the  me- 
chanical officers  of  the  road  and  of  the  American  Locomotive 
Company  to  produce  an  engine  which  will  materially  reduce 
tue  number  of  "engine  failures"  in  service. 

The  boiler  of  this  engine  was  passed  over  rather  too  easily 
in  the  description  last  month.  This  is  a  very  large  boiler. 
Its  diameter  at  the  smoke  box  is  SO  in.,  and  at  the  largest 
diameter  it  is  87'^  in.,  which  Is  unusual.  This  large  size  was 
used  at  the  throat  connection,  in  order  to  facilitate  the  circu- 
lation by  providing  plenty  of  room  for  the  water  to  pass 
back  to  the  water  legs.  It  is  a  pleasure  to  see  these  efforts 
in  the  direction  of  improvement  in  circulation  of  locomotive 
boilers.  At  best  there  is  little  enough  room  for  water  to  get 
back  to  the  side  sheets.  The  tube  spacing  is  wide,  with  a 
"bridge"    of    15-16    in.    between    flues.      The    drop    grates    are 


DETAILS    OF    THE    FOim-CHAMBEB    EXHAUST    PttE. 


DI.VCUAM    OF  VALVE  liEAR  AND  VAL\i:.    AND  LONGITUDINAL  SECTION   THROUGH  THE  CTLINDEB. 

CuNSOLIDATION   (2-80)   FREIGHT  LOCOMOTIVE— LAKE   SHORE  &  MICHIGAN  SOUTHERN  RAILWAY. 
H.  F.  Ball,  Superintendent  Motive  Power,  American  Locomotrve  Co.,  Brooks  Works,  Builders. 
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made  as  low  as  possible  in  order  to  secure  space  between 
the  tubes  and  the  level  of  the  fire. 

This  locomotive  has  inside  steam  admission  with  very  care- 
fully arranged  steam  and  exhaust  passages,  by  using  the 
Player  four-chamber  exhaust  pipe  the  exhaust  blasts  are  kept 
separate  to  a  point  5  in.  above  the  base  of  the'exhaust  nozzle, 
but  this  is  not  all.  The  exhaust  steam  passages  are  kept 
away  from  those  containing  live  steam  through  the  saddle, 
in  order  to  prevent  the  exhaust  from  drawing  heat  away 
from  the  entering  steam  and  causing  initial  cylinder  con- 
densation. A  glance  at  the  longitudinal  section  through  the 
cylinder,    shown    in    connection    with    the    valve   gear,   shows 


A.  E. 
THE  HOLLOW  TWO-BEABING  KOCKEE  SHAFT. 


— ita — 

DETAILS  OF  EOCKEE  BOX. 

2-8-0  FREIGHT  LOCOMOTIVE.— L.  S.  &  M.  S. 


can  twist  or  spring.  Furthermore,  the  bearings  are  large 
and  very  easily  taken  down. 

The  valves  are  of  the  usual  piston  type  as  constructed  at 
the  Brooks  Works,  their  general  features  having  been  illus- 
trated in  this  journal. 

Among  the  other  details,  which  are  specially  worthy  of 
close  attention,  are  the  frames  and  their  bracing,  the  lead- 
ing trucks  and  the  ash  pan.  These  will  be  reserved  for  an- 
other article,  as  it  is  specially  desirable  to  place  the  frame 
construction  on  record  in  a  thorough  manner.  These  frames 
are  the  first  coming  to  the  attention  of  the  writer  in  which 
an  effort  is  made  to  provide  for  latent  stresses.  This  work 
seems  likely  to  prove  to  be  exceedingly  important. 


OPERATIONS  OF   "PER  DIEM"  RULES  FOR  CAR  HIRE. 


Perhaps  the  most  frequent  objection  made  to  the  operation 
of  per  diem  rules  has  been  that  the  rules  have  not  accom- 
plished what  the  advocates  of  the  per  diem  principles  claimed 
they  would;  namely,  the  return  of  cars  to  owners,  but,  in  the 
opinion  of  well-informed  men,  there  is  no  per  diem  rate  which 
can  be  established  high  enough  to  accomplish  this  purpose 
in  all  cases.  When  cars  are  not  returned  to  owners,  it  Is 
usually  because  there  is  a  very  active  demand  for  them,  or  be- 
cause the  borrowing  line  is  so  seriously  congested  that  it  is 
physically  impossible  to  make  prompt  return  of  cars.  In 
either  case,  whether  the  rate  be  20  cents  a  day  or  $1  a  day,  the 
return  of  the  cars  will  not  be  forced. 

Already,  however,  the  rule  has  had  very  important  results 
in  compelling  lines  whose  equipment  was  manifestly  inade- 
quate, to  increase  their  equipment  and  compel  lines  that  suffer 
not  infrequently  from  serious  congestion  of  traffic,  to  increase 
their  facilities  so  that  this  congestion  would  not  occur.  Be- 
yond question,  per  diem  has  stimulated  representatives  of 
railroads  to  the  importance  of  moving  cars  promptly,  and  the 
justice  of  the  position  appeals  to  all  men.  In  the  past  the 
railroads  have  not  unfrequently  been  the  worst  offenders  in  the 
matter  of  detaining  each  others'  cars.  Not  that  I  claim  this 
was  done  intentionally,  but  that  It  was  done  because  there 
was  nothing  to  call  attention  to  the  importance  of  prompt 
movement.  Now,  however,  railroads  are  treating  themselves 
on  what  may  be  termed  a  "car  service  basis,"  and  are  in  a 
better  position  to  justify  the  charge  for  detention  of  cars  by 
shippers  and  receivers  of  freight. 

The  strongest  argument  of  the  opposition  to  the  per  diem 
system  was  that  the  per  diem  rate  would  greatly  increase 
empty  mileage.  In  this  they  have  certainly  been  mistaken, 
for  this  has  not  been  noticed.  The  real  difficulties  in  the 
operations  of  the  rules,  while  not  unimportant,  require,  as  It 
seems  to  me,  only  a  better  understanding  of  these  difficulties 
and  the  principles  underlying  the  question  to  find  a  ready 
solution.  Prom  a  paper  by  Mr.  F.  A.  Delano,  read  before  the 
Iowa  Railway  Club. 


these  passages  clearly.     This   is  an   important  matter  which 
does  not  always  receive  the  attention  it  deserves. 

By  aid  of  the  drawing  of  the  assembled  parts  of  the  valve 
gear,  including  the  valve,  the  idea  of  the  "central-direct" 
valve  motion  is  illustrated.  This  construction  is  admirable. 
It  places  the  pin  as  far  as  possible,  in  double  shear,  and 
by  using  a  heavy  and  strong  rocker  casting  the  spring  of  this 
motion  should  be  reduced  to  the  lowest  terms.  The  hangers 
are  double.  Obvious  advantages  are  obtained  by  this  con- 
struction. It  will  be  noted  that  the  English  form  of  link  is 
used  and  that  the  transmission  bar  Is  coupled  to  an  inverted 
rocker,  the  rocker  box  being  secured  to  the  guide  yoke  and 
the  rocker  shaft  has  external  bearings.  Tbis  reduces  the 
rocker  box  to  a  very  simple  casting,  with  two  iVi  by  6  in. 
bearings,  with  a  space  of  10%  In.  between  them.  In  order 
to  reduce  the  liability  of  the  rocker  to  twist,  the  two  bear- 
ings were  used  and  the  rocker,  made  of  cast  steel,  was  given 
the  form  shown  in  the  detail  engraving,  with  the  journaled 
portion   made  hollow.     It  is   difficult  to  see  how   this  rocker 


The  floors  of  the  new  shops  of  the  American  Locomotive 
Company,  at  Schenectady,  were  very  carefully  laid  and  are 
quite  satisfactory.  The  basis  was  a  filling  of  sand  over 
which  from  4  to  6  ins.  of  small  broken  stone  was  laid.  This 
was  flushed  with  a  gallon  of  hot  coal  tar  for  each  square  yard 
of  surface.  A  course  of  2  ins.  of  hot  sand  and  tar  mixed 
thoroughly  to  the  consistency  of  mortar  followed  this  and 
was  rammed  to  a  level  surface..  In  this  3  by  4  ins.  railing 
strips  were  imbedded  at  3  ft.  centers.  Rough  hemlock  planks, 
2  ins.  thick,  were  spiked  to  these,  and  the  top  flooring  of  %  ins. 
tongued  and  grooved  maple  was  finally  laid.  It  is  an  expensive 
but  very  satisfactory  and  permanent  floor. 


Col.  James  H.  Bailey,  who  for  the  past  20  years,  has  been  an 
owner  and  very  influential  in  the  Railroad  Gazette,  has  severed 
his  connection  with  that  journal  and  retires  from  all  active 
work.  He  had  a  very  large  and  extensive  acquaintance  among 
the  railway  manufacturers  of  the  country  and  will  be  very 
much  missed,  particularly  at  the  railroad  conventions. 


December.  i£03.  AMERICAN  ENGINEER  AND  RAILROAD  JOURNAL.      44i 


THE   APPLICATION    OF  INDIVIDUAL    MOTOR  DRIVES 
TO  OLD  MACHINE  TOOLS. 


McKees  Rocks  Shops. — PiTTSBtJBOii  &  Lake  Erik  Railboad. 


hy  k.  v.  wniciiT,  mechanical  enqineeb. 


VEUTICAL  DRILL  TRESSES. 


The  ordinary  vertical  drill  press  in  a  locomotive  repair  shop 
has  to  handle  drills,  reamers,  etc.,  varying  from  V4  inch  to 
2%  inches  in  diameter;  and  the  material  to  be  drilled  will 
vary  from  soft  brass  to  the  hardest  cast  iron  or  steel.  Such  a 
drill  press,  belt  driven,  usually  has  a  back  gear  and  a  four- 
step  speed  cone,  thus  giving  eight  different  spindle  speeds 
for  the  entirp  speed  range. 


diameter,  in  order  to  present  some  idea  of  the  wide  range  of 

epeed  which  should  be  provided.  By  thus  bringing  out  the 
great  differences  In  speed  required  by  drills  of  different  dia- 
meters. It  is  clearly  shown  that  the  eight  spindle  speeds  usu- 
ally provided,  are  entirely  Inadequate  If  the  best  results  are  to 
be  obtained.  This  point  Is  emphasized  even  more  when  'we 
consider  that  In  place  of  three  different  materials,  only,  which 
are  provided  for  In  the  above  table,  several  more  should  be 
added  when  the  different  grades  of  iron  and  steel  are  taken 
Into  consideration,  I.  e.,  cast  steel,  machine  steel,  mild  steel, 
cast  iron,  wrought  Iron,  etc. 
Unquestionably  the  applioation  of  a  variable-speed  motor  to 


FIG.     21 — STYLE    OF    THE    OLD    DRILL    BEFORE    REMODELING,    FOR    AN        FIG.    22 — APPEARANCE  OF  THE   DRILL   AFTER   BEING   EQUIPPED   WITH 
INDIVIDUAL  DRIVE.  THE   CROCKER-WHEELER   MULTIPLE-VOLTAGE   DRIVE. 

INDIVIDUAL  DRIVING  APPLIED  TO  OLD  TOOLS.— PITTSBURGH  &  LAKE  ERIE  RAILROAD. 


The  following  data  are  taken  from  the  very  complete  table, 
found  on  page  957  of  Kent's  Mechanical  Engineer's  Pocket 
Book,  giving  the  speeds  for  various  diameters  of  twist  drills 
as  recommended  by  the  Morse  Twist  Drill  &  Machine  Co.,  and 
are  presented  to  indicate  the  entire  inadequacy  of  the  ordinary 
drill  press  to  meet  the  requirements  for  rapid  drilling. 

TABLE    OP    SPEEDS    BEQUIBED    FOR    TWIST    DRILLS. 

Diam.  of  Speed,  Rev.   perJVIin. 


Drills. 

Vi-in. 

%-in. 

%-ln. 

1-in. 

IVi-in. 

lV>-in. 

1%-in. 

2-in. 


For  Steel. 
230 
115 

75 

58 

46 

39 

33 

29- 


For  Iron. 

For  Brass 

320 

400 

160 

200 

105 

130 

80 

100 

62 

80 

54 

66 

46 

56 

39 

49 

The  table  from  which  this  data  is  taken,  gives  the  speeds 
required  for  all  sizes,  varying  by  sixteenths  of  an  inch  in  dia- 
meter, but  those  above  only  are  shown,  for  each  Vi  inch  in 


the  drive  of  such  a  tool  will  prove  a  paying  investment, 
since  in  place  of  the  eight  spindle  speeds,  when  belt  driven, 
we  will  have  with  the  use  of  the  variable-speed  motor  and  a 
back  gear,  three  or  four  times  as  many. 

In  Figure  21  is  shown  the  type  of  the  belt-driven  vertical 
drill  press,  with  36-inch  table,  of  which  there  were  five  in 
the  old  shops  of  the  Pittsburgh  &  Lake  Erie,  at  McKees  Rocks. 
All  were  in  good  condition  or  such  that  a  few  repairs  would 
make  them  so,  so  that  it  was  decided  to  equip  them  with  indivi- 
dual drives.  The  bracket  which  was  used  to  carry  the  speed 
cones  was  so  designed  that  it  could  not  be  used  to  support 
the  motor,  and  it  was  replaced  by  a  combination  set  of  bracing 
and  motor  support  brackets. 

Figures  22  and  23  show  the  drill  press  as  equipped  with  the 
new  brackets  and  the  variable-speed  motor.  The  motor  brack- 
ets were  made  quite  heavy  in  order  to  add  stiffness  and 
strengthen  the  machine  against  vibration.    The  cone  on  the 
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upper  horizontal  shaft  was  replaced  by  a  sleeve,  to  the  outer 
end  of  which  is  keyed  the  Morse  Silent  Chain  sprocket,  and 
to  the  other  end  of  which  is  keyed  a  new  gear,  as  indicated  in 
Pig.  23,  to  replace  the  old  one  on  the  end  of  the  cone.  Also  the 
Old  lock  plate  which  is  used  for  changing  from  back  to  single 
gear  was  added.  In  order  to  get  the  proper  speed  ratio,  be- 
tween the  single  gear  and  the  back  gear  only  two  gears  had 
lo  be  changed  as  is  shown  in  Fig.  23. 

The  motor  is  located  high  enough  to  be  out  of  the  way  of  dirt 
and  metal  cuttings,  and  yet  is  low  enough  to  be  easily  access- 
ible. It  is  also  low  enough  to  prevent  the  tool  from  being 
top-heavy  with  resultant  excessive  vibration.  While  running 
at  the  highest  speeds,  in  single  gear,  the  tool  vibrates  only 
slightly.  The  controller  is  placed  in  a  convenient  position  so 
that  the  handle  is  within  easy  reaching  distance  of  the  opera- 
tor, as  shown  in  Fig.  23. 

The  question  of  the  amount  of  power  necessary  to  be  pro- 
vided at  the  motor,  was  a  serious  one.  The  difficulties  which 
were    at    first    met    in    adapting    the    high-speed    tool-steels 


rough  series  of  tests  have  been  made  with  drills  up  to  2  ins. 
in  diameter,  with  the  result  that  it  was  shown  that  ample  power 
has  been  provided  to  take  care  of  the  ordinary  grade  of  twist 
drill  steel;  also  that  a  considerably  better  grade  of  steel,  which 
would  allow  of  the  use  of  higher  speeds,  can  be  made  use  of 
without  overloading  the  motor,  except  between  speeds  from 
73  to  106  revolutions  per  minute. 

The  Crocker-Wheeler  motors  which  are  being  used  are,  how- 
ever, so  designed  that,  if  necessary,  a  considerable  overload  can 
be   carried   without   injury.     In   the   event  of  a  higher  speed 


t===r-----=::=r=5 


laC.   23. — DETAILS  OF  THE  TOOL  AS   EQUIPPED  WITH   THE  NEW   R.\CK 

BRACING    AND    THE    ELECTRIC    DRIVE. 

to  twist  drills,  are  apparently  being  overcome,  but  as  yet  there 
seems  to  be  no  reliable  information  as  to  just  what  can  be 
done  with  them.  To  provide  for  the  possibilities  of  progress 
in  this  direction  enough  power  was  provided  for  to  take  care 
of  the  ordinary  twist  drill  steel  with  a  fair  margin  of  reserve 
if  a  be.tter  steel  should  appear  for  such  purposes. 

Th-B  variation  of  power  at  the  motor  with  the  multiple  vol- 
tage system  of  driving  is  indicated  in  the  diagram,  Fig.  25, 
which  shows  the  motor  horsepower  available  at  the  various 
drilling  speeds  that  are  provided  at  the  spindle.  This  curve 
was  plotted  with  the  aid  of  the  power  diagram,  presented  in 
Pig.  1,  (page  165,  May,  1903  issue),  which  shows  the  relation 
between  the  speed  and  the  power  of  a  motor  used  with  the 
M.-F.  21  controller,  on  the  Crocker-Wheeler  multiple-voltage 
system. 

Since  these  drill  presses  have  been  equipped  with  motors,  a 


II(;.    24 — DETAILS    OF  THE   COMBINED   BACK    BRACE   AND    HORIZONTAL 
SHAFT    SITPPORT. 

Steel  being  produced,  whi<9i  can  be  adapted  to  twist  drills,  and 
whose  use  with  certain  diameters  of  drills  will  cause  the  over- 
load between  the  above  mentioned  speeds  to  be  excessive,  pro- 
vision can  be  made  for  the  use  of  such  steel,  by  increasing 
the  back  gear  ratio  by  replacing  tne  two  new  gears,  noted  on 


0      £0      40      BO      80     100    1*)    UO    100    180    200    240   240    200    280    300 
Speeds  at  Drill  Si-)imlle,  Uev.  per  Miu, 

FIG.    25 — DIAGB.4^M    INDICATING   VARIATION    OF   POWER   AVAILABLE   AT 
VARIOUS   SPEEDS  WITH  THE   MULTIPLE  VOLTAGE  SYSTEM  OF  DRIVING. 


Fig.  22,  with  two  others,  so  that  the  spindle  speeds  in  back 
gear  will  still  further  overlap  those  in  single  gear. 

In  providing  power  for  drill  presses,  the  largest  diameter  of 
drill  which  is  to  be  used  will  govern  the  amount  of  power  to 
be  provided,  since  it  has  been  found  that  the  power  required 
varies  as  the  diameter  of  the  drills,  although  not  in  the  same 
ratio. 
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POWERFUL    PASSENGER    LOCOMOTIVE. 


4-t;;i   (P,\(ii.rr)   Tyi'K. 


Tendnr. 

WhuolH-  -Number    8 

Tank — CapiuHty , 7.000  gal». 

Service    .' Passenger 


ATCHISON,   TOI'KKA   &   SANT.V    KK    BAlMtOAIl. 


The  Baldwin  Locomotive  Worlds  have  completed  new  lofo 
motives  of  the  4-G-2.  or  Pacific  type,  for  passenger  service  on 
the  Atchison,  Topelia  &  Santa  Ke  Railway.  These  are  very 
heavy  and  powerful.  They  are  simple  engines  with  22'/i  by 
2S  in.  cylinders.  (19  in.  driving  wheels,  and  carry  220  lbs.  steam 
pressnre.  While  being  really  as  heavy  as  the  very  large  pas- 
senger locomotives  of  the  same  type  now  running  on  the  Chi- 
cago &  Alton,  illustrated  on  page  87  of  our  March  issue,  the 


SOLID    RINGS    AND    SOLID    PISTONS. 


A  great  deal  of  interest  has  been  aroused  in  England  by  a 
statement  by  Mr.  A.  F.  Yarrow  that  for  his  engines  he  is  using 
solid  pistons  and  solid  rings.  The  Engineer,  of  London,  de- 
scribes the  construction  and  application  of  these  rings.  The 
construction  is  interesting  and  it  could  be  used  in  many  kinds 
of  practice  where  high  pressures  are  found.  This  would  seem 
to  be  a  good  way  to  make  packing  for  piston  valves  of  loco- 


POWEEFUL     NEW     PASSENGEB     LOCOMOTIVE. — ATCHISON,      TOPEKA     &     SANTE  FE  BAILWAT. 

4  6-2  TYPE.     BUILT  BY  BALDWIN  LOCOMOTIVE  WORKS. 


heating  surface  is  much  less  and  the  water  spaces  in  the 
boiler  larger.  These  are  very  powerful  engines.  Their  chief 
dimension  are  as  follows: 

Ratios. 

Heating  surface  to  volumes  of  cylinders =  279.2 

Tractive  weight  to  heating  surface =    39.1 

Tractive  weight  to  tractive  effort =      3.66 

Tractive  effort  X  diameter  of  drivers,  to  heating  surface =  738, 

Heating  surface  to  tractive  ellort,  per  cent =      9.35 

Total  weight   to  heating  surface =    59.85 

General. 

Gauge 4  ft.  Sy,    ins. 

Cylinder   22 1/2   x  28  ins. 

Valve Balanced  piston 

Boiler. 

Type Wagon  top 

Material    Steel 

Diameter    70    ins. 

Thickness  of  sheets 21-32  in.,  %  in.  and  25-32  in. 

Working  pressure 220  lbs. 

Fuel     Coal 

Staying    Radial 

Firebox. 

Material    Steel 

Length 108   ins. 

Width 71 14   ins. 

Depth Front,  78%   ins.  ;    back.  68%  ins. 

Thickness  of  sheets  ; 

Sides,   %  in. :    back.  %  in.  ;    crown,  %   in.  ;    tube,  V2   in. 

W^ater  space Front,  4^^   ins. ;    sides.  5  ins.  ;    back.  4  ins. 

Tubes. 

Material     Iron 

Wire  gauge    No.   11 

Number    290 

Diameter    2  "^    ins. 

Length    20    ft. 

Heating   Surface. 

Firebox    122.8  sq.  ft. 

Tubes     3.402  sq.  ft. 

Total    3..595  sq.  ft. 

Grate   area    53.5  sq.  ft. 

Driving  Wheels. 

Diameter  of  outside 69  ins. 

Diameter  of  inside 62   ins. 

Journals Main,  10  x  12  ins. :    others.  9  x  12  ins. 

Engine  Truck  Wheels.            ^ 
Front — Diameter    34H    ins. 

Journals   5 1<.   x  10  ins. 

Hack — Diameter    .".  . .  40    ins. 

Journals   7  V2  X  12  ins. 

Wheel  Base. 

Driving   13  ft.  8  ins. 

Rigid    13  ft.  8  ins 

Total  engine 33  ft.  9%   ins. 

Total  engine  and  tender 62  ft.  10^  ins. 

Weight. 

On   driving  wheels 140,800  lbs. 

On   truck    ( front) 27,680  lbs. 

On   truck   (back)    46,700  lbs. 

Tolal    engine 215.180  lbs. 

Total  engine  and  tender   (about) 345.000  lbs. 


motives.     The    following    is   quoted   from    a   letter   from    Mr. 
Yarrow  to  the  journal  mentioned: 

"Of  course,  at  first  sight  it  appears  an  impossibility  to  put 
the  ring  over  the  flange  of  the  pisto.i,  the  internal  diameter 
of  the  ring  being  smaller  than  the  outside  diameter  of  the 
flange;  but  it  is  exactly  the  same  thing  as  putting  a  half- 
crown  through  a  hole  the  size  of  a  shijling  cut  in  a  piece  of 
paper.  There  is  not  the  slightest  difficulty  in  it.  Of  course, 
the  rings  have  to  be  properly  proportioned  so  as  to  get  elas- 
ticity enough.  I  believe  that  having  in  view  the  early  develop- 
ment of  superheated   steam,   it  becomes   compulsory   to  have 


\    SOLin    PISTON    WITH    THREE    SOLID    KINGS. 

floating  rings,  and  also  compulsory  that  they  should  be  uncut, 
so  that  any  pressure  of  steam  behind  the  ring  should  not  press 
the  ring  against  the  inside  of  the  cylinder.  It  has  hitherto 
been  thought  that  to  have  a  solid  floating  ring  one  must  have 
a  junk  ring,  which  adds  weight  and  complication,  and  things 
that  may  work  loose.  A  clearance  of  three  or  four  or  five 
thousandths  of  an  inch  is  sufficient  between  the  outside  edge 
of  the  ring  and  the  cylinder.  A  floating  ring  has  the  great 
advantage  of  accommodating  itself  to  the  form  of  a  cylinder, 
which  is  not  round  throughout  its  whole  length,  as  we  all 
know,  and  in  this  respect  the  solid  floating  ring  is  very  super- 
ior to  the  solid  piston  without  any  packing  ring,  which,  of 
course,  cannot  accommodate  Itself  to  any  ovaling  of  the 
cylinder." 
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NEW  LOCOMOTIVE    AND    CAR  SHOPS. 


COLX-INWOOD,  OHIO. 


Lake  Shoke  &  Michigan  Sodthekn  Railway. 


XIII. 


CAR  SHOP  BUILDINGS. 


Thfise  buildings  are  sliown  in  tlie  ground  plan  on  page  408 
They  were  designed  by  Mr.  Albert  Lucius,  of  New  York,  con- 
sulting engineer.  The  three  principal  builaings  are  arranged 
side  by  side  and  they  are  alike  in  their  general  features,  such 
as  the  foundations,  steel  work  and  construction  details,  the  only 
difference  between  them  being  in  those  features  which  must 
DETAILS  OF  STEEL  WORK  FOR  THE  LONGITUDINAL  BRACING  OF  THE  iiecessarily  be  Varied  to  suit  the  special  purposes  to  which 
BUILDINGS  UPON  CENTER  LINES  OF  COLUMNS.  each   is   put.     For  example  the   arrangement  of  the   doors   is 


rROSS-SECTlON,   SHOWING  STEEL  CONSTRUCTION  AS  APPLIED  TO  BOTH    FREIGHT    AND    PASSENGER    DEPARTMENT    BUILDINGS    OF    THE    NETW 

CAR   KEP.\IR   SHOPS.  / 
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IlKl'AlI,     VIKW     CIF    THE    SOUTH    END    OF    THE    PASSENCEll    CAR    PAINT  DETAIL  TNTERIOU  C0NSTKU(;T10N    VIEW   OF  THE  PASSENGER  CAB  PAINT 

SHOP.  «"0P. 

COLLINWOOD  CAR  SHOPS.— LAKE  SHORE  &  MICHIGAN   SOUTHERN  RAH.WAY. 


made  to  suit  the  tracks  in  each  building  and  the  amount  ot 
natural  lighting  is  in  accordance  with  the  work  which  is  done 
in  each  building.  This  feature  of  window  and  skylights  is 
worthy  of  special  attention.  Better  lighted  buildings  are  very 
seldom,  if  ever  seen  in  connection  with  railroad  repair  shops. 
For  example  the  total  amount  of  glass  in  the  sides  and  ends 
of  the  buildings  amounts  to  45  per  cent,  of  the  total  areas  of 
the  walls  and  ends.  The  total  glass  area  in  these  buildings 
is  approximately  equal  to  75  per  cent,  of  the  total  floor  area. 
In  the  roof  of  the  passenger  car  paint  shop  is  a  skylight,  42 
ft.  4  in.  wide  by  245  ft.  long  in  the  monitor  and  to  this  is 
added  34  separate  skylights  21  ft.  by  11  ft.  This  gives  an  area 
of  glass  equal  to  3S  per  cent,  of  the  projected  area  of  the  roof. 
The  passenger  car  repair  shop  has  a  skylight  22  ft.  4  in.  by 
335  ft.  long,  the  full  length  of  the  building,  and  also  32,  11  by  11 
ft,  separate  skylights,  making  33  per  cent,  of  t'ne  projected 
area  of  the  roof.  In  the  freight,  car  repair  shop,  there  is  a 
skylight  .^7  ft.  4  in.  by  333  ft.  and  34  separate  skyiis;x.is,  12  ft. 
3in.  by  11  ft.,  making  a  total  of  41  per  cent,  of  the  roof  area. 
The  planing  mill  has  one  36  ft.  6  in.  by  260  ft.,  making  45  per 
cent,  of  the  roof  area.  In  the  photographs  the  large  amount 
of  glass  area  and  its  arrangement  is  clearly  apparent.  The  sky 
lights  are  purposely  given  considerable  rake  in  order  to  guard 


against  leakage.  This  amounts  to  about  one-quarter  the  height 
to  the  length  of  each  skylight.  This  also  applies  to  the  monitor 
skylights  and  to  this  portion  of  the  roofs  of  all  the  buildings, 
including  the  locomotive  shops. 

One   cross   section   of   the   steel   construction   is    illustrated. 


I^issa] 


SECTION  A-B,  THROUGH  FLOOR  AND  RETITBX  AIR  DUCT.      (SEE  PLAN.) 


Sec+Ion  C-D. 
OF   FLOOR  THROUGH   ONE   OF   THE   COVERED    MANI10LE.S.    SHOWING    SYSTEM    OF   DRAINAGE   BY    TROUGHS.    COVERED    WITH    GBATLNG, 
UNDER  SIDES  OF  CABS.       (SECTION  C-D,  SEE  PLAN   ^lEW.)— PASSENGER  CAR  PAINT  SHOP. 


446 


AMKRICA^  ENGINEER  AND  RAILROAD  JOURNAL 


It  represents  all  of  the  buildings.  The  center  posts  are  built 
up  of  %-inch  plates,  24  in.  wide,  with  four  6  by  4  by  V2  in.  angles 
placed  24  in.  back  to  back.  These  are  made  wide  in  order  to 
offer  a  large  amount  of  wind  resistance.  Above  the  bottom 
chords  of  the  roof  trusses  the  posts  taper  off  toward  the  top. 
At  the  walls  the  columns  are  of  12  in.,  35  lb.  I  beams.  The 
clear  height  under  the  roof  trusses  is  20  ft.  and  the  roofs  are 
particularly  well  braced  against  wind  stresses,  as  indicated 
in  the  photographs,  showing  the  steel  work,  before  the  construc- 
tion was  completed.    The  span  on  each  side  of  the  center  posts 


Half  Section       Mai'  end  Elevation, 


4~n      '1     rare 
Storekeeper      Foreman 


DETAIL  PLAN   AND  ELEVATION   OF   OFFICE,    STORAGE    AND   LAVATORY     Bt'ILDING  IN  THE  CAR  REPAIR  YARD. 

COLLINWOOD   CAR   SHOPS.— LAKE   SHORE   &  MICHIGAN  SOUTHERN  RAILWAY. 


is  80  ft.  and  the  roof  trusses  are  spaced  at  eighteen  ft.  centers. 
The  middle  columns  being  spaced  at  .54  ft.  centers.  The  roofs 
are  of  the  "umbrella"  type  except  that  of  the  wood  mill.  All 
of  the  roofs  are  deep,  giving  a  good  proportion  to  the  size  and 
height  of  the  buildings. 

The  center  posts  are  placed  on  base  stones  16  In.  thick  by  3 
ft.  9  in.  square  and  these  rest  on  huge  concrete  foundations. 
In  which  the  anchor  bolts  are  set.  The  side  and  end  foun- 
dations consist  of  the  water  table  stones,  20  in.  wide  by  16  in. 
thick,  resting  on  27  in.  stone  sills,  placed  on  concrete  founda- 
tions. 

For  ventilation  the  monitor  is  fitted  with  18  in.  louvres,  its 
full  length  on  each  side,  these  being  fitted  with  opening  de- 
vices operated  from  the  floors  of  the  building. 


1  iff 


HORIZONTAL  SECTION  THROUGH  SIDE  OF  BUTLDINQ,  SHOWING  DETAILS 

OF    WINDOWS    AND    DOORS,    AND    VERTICAL    SECTION    THROUGH 

WINDOWS. 


In  connection  with  the  plan  view  of  the  passenger  car  paint 
shop,  a  section  of  the  floor  and  the  drainage  system  is  Illus- 
trated; this  section  is  taken  through  one  of  the  covered  man- 
holes. The  plan  shows  the  locations  of  the  center  posts,  the 
tracks,  the  platform  posts  and  the  return  ducts  of  the  heating 
system,  which  are  beneath  the  floor.  The  tracks  are  at  18  ft. 
centers  and  to  this  spacing  all  the  depending  features  of  the 
building  are  fitted. 

Extending  through  the  car  repair  yard,  parallel  to  the  tracks 


CONSTRUCTION    MEW    OF    THE    PASSENGER   CAR    ERECTING    SHOP. 
(FROM    SOUTHEAST    CORNER. 

is  a  long  low  frame  building,  providing  for  the  various  small 
shops  and  storage  spaces,  necessary  in  a  plant  of  this  kind. 
The  building  has  a  span  of  18  ft.  and  a  clear  height,  inside,  of 
12  ft.  Its  total  length  is  392  ft.  At  the  end  toward  the  large 
shop  buildings  a  60  ft.  lavatory  space  is  provided.  Next  to  this 
is  a  room  40  ft.  long  for  the  storage  of  tool  boxes  and  heavy 
tools,  such  as  jacks.  Bins  for  light  castings  occupy  a  length 
of  96  ft.  and  the  car  yard  storekeeper  has  an  18  ft.  office  at 
the  end  of  this  room.  The  remainder  of  the  building  provides 
an  office  for  the  yard  foreman  and  a  30  ft.  room  for  the  pipe 
fitters.  Beyond  this  are  10  bins  for  heavy  castings,  such  as 
couplers,  etc. 
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SECTION      THROUGH       CENTER 
PIER  I-OUNDATIONS. 


STANDARD    SECTION    FOR    SIDE 
AND  END  FOUNDATIONS. 


POUNDATION   DETAILS. 


COLLINWOOD    CAR  SHOPS.— LAKE  SHORE  &  MICHIGAN  SOUTHERN  RAILWAY. 
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THE    USE  OF   FLY  WHEELS   UPON   MACHINE    TOOLS. 


BY   J.    C.   STEEN. 


A  fly  wheel,  or  balance  wheel,  in  use  may  be  considered  as  a 
means  o£  applying  stored  energy  to  a  mechanism.  The  ap- 
plication of  energy  thus  stored,  must  necessarily  be  of  short 
duration.  As  a  matter  of  course,  work  is  required  to  set  a 
balance  whfiel  in  motion,  but  the  amount  of  power  required 
to  keep  such  a  wheel  in  motion,  after  once  being  started,  is, 
however,  relatively  small. 

In  machine  tool  practice  there  are  cases  where  stored  energy 
can  be  used  to  advantage:  First:  Where  the  work  done  re- 
ouires  a  considerable  amount  of  power  for  a  shoxt  time — the 
punciiing  machine  is  an  example  of  this  class;  Second:  The 
use  of  stored  energy  may  be  of  benefit  where  there  is  a  com- 
paratively rapid  reversal  of  some  movable  part — as  the  ram  of 
a  shaper  or  slotter;  Third:  Any  machine  tool,  that  has  rotat- 
ing members  which  must  be  quickly  reversed  as  to  their  direc- 
tion of  rotation,  may  require  for  a  brief  period  the  use  of  stored 
or  reserve  energy — the  metal  planing  machine  is  an  example 
of  this  class.  The  above  noted  machines  do  not  cover  the 
entire  field,  but  will  serve  as  illustrations  of  the  principle  in- 
volved. 

The  application  of  this  stored  energy  to  a  machine  tool  may 
be  had  in  two  ways:  The  driving  belt  and  driving  pulley 
will,  and  do,  in  some  cases,  act  as  a  form  of  stored  energy;  in 
other  cases  the  addition  of  a  separate  balance  wheel,  as  an 
auxiliary  to  the  belt,  is  necessary.  To  determine  the  point 
where  the  energy  of  the  running  belt  is  sufficient,  or  where 
the  addition  of  a  separate  wheel  is  advisable,  it  is  essential 
that  all  operating  conditions  of  the  machine  be  known  and 
understood.  That  which  will  answer  m  one  case,  may  be 
wholly  inefficient  in  another;  or,  the  use  of  that  which  means 
success  in  one  case  may  be  a  superfluity  in  another. 

An  example  may  be  of  interest.  Some  years  ago  a  shaping 
machine  was  built  which  had  extra  weight  added  to  the  driv- 
ing cone  to  serve  as'  a  balance  wheel.  The  reserve  force,  or 
storage  of  energy,  thus  obtained  came  into  excellent  use,  when 
the  machine  was  used  upon  short  strokes  with  a  heavy  cut,  but 
it  was  wholly  insuflicient  when  used  upon  long  strokes  as  the 
reserve  energy  was  too  quickly  exhausted.  In  this  particular 
case  the  design  of  the  machine  rendered  the  use  of  a  balance 
wheel  necessary.  In  the  first  place,  the  driving  belt  was  some- 
what lighter  than  is  now  the  practice  for  this  type  of  machine, 
and  second,  the  jWhitworth  driving  motion  was  so  arranged 
that  the  starting  of  the  cut  was  quite  abrupt.  In  this  case, 
the  balance  wheel  effect  of  the  heavy  pulley,  besides  being  a 
benefit  when  the  machine  was  usea  upon  short  heavy  cuts, 
served  to  relieve  the  light  helt  of  the  shock  due  to  abrupt 
start  of  the  tool  into  the  work. 

Certain  types  of  slotting  machines  were  at  one  time  made 
with  a  fly  wheel  added  to  the  driving  shaft.  Both  shaping  and 
slotting  machines  are  in  use  which  have  this  feature  as  a  part 
of  the  machine. 

With  the  more  modern  designs  of  shaping  and  slotting  ma- 
chines, whatever  is  needed  in  the  way  of  a  "balance  of  power"  is 
obtained  by  the  use  of  a  somewhat  heavy  driving  pulley,  and 
wider  and  heavier  driving  belt  than  was  at  one  time  the  prac- 
tice; also  a  larger  ratio  of  driving  gears  is  now  used  than 
formerly,  and,  as  higher  belt  speeds  are  necessary,  the  balance 
wheel  effect  thus  obtained  is  usually  sufficient.  Besides,  with 
this  type  of  machine,  the  driving  motion  is,  or  should  be,  so 
arranged  that  both  the  beginning  and  ending  of  the  cut  take 
place  with  a  moderate  speed,  the  maximum  rate  of  speed 
being  at  the  center  of  length  of  tlie  cut.  These  features,  if 
rroperly  looked  after  in  the  design  of  the  machine,  render  the 
addition  of  a  balance  wheel  unnecessary. 

The  above  consideration  apply  to  what  are  known  as  crank 
driven  machines.  Rack-driven  shapers  and  Blotters  can  be 
■considered,  in  a  measure,  as  being  of  the  same  class  as  plan- 
ing machines,  in  as  far  as  the  conditions  of  driving  are  con- 
cerned. 
With  the  operation  of  a  planing  machine,  the  quick  reversals 


of  direction  of  rotation  of  the  driving  pulleys,  shaft  and  gears, 
as  well  as  the  changes  in  direction  of  the  platen  itself,  render 
necessary  the  applications  of  considerable  power  for  short 
periods  of  time.  These  increased  amounts  of  power  required, 
may  be,  and  in  some  cases  are  greater  than  that  required  for 
either  taking  the  cut  or  moving  the  platen  and  its  load  in  the 
return  direction.  The  excessive  power  demands  at  moments 
of  reversal  have  at  times  caused  quite  a  lot  of  trouble  in  the 
wear  of  belts,  due  to  the  heavy  strains  put  upon  them;  counter- 
shafts have  been  hard  to  hold;  the  driving  of  nearby  machines 
has  at  times  been  rendered  unsteady;  beln  soon  lose  some  of 
their  holding  quality  as  they  glaze,  owing  to  slippage. 

Trouble  due  to  this  cause  did  not  come  all  at  once.  It  has 
grown  as  the  planing  machine  has  developed  and  for  a  time  the 
cause  was  not  apparent  to  all.  This  recalls  to  mind  an  occur- 
rence which  took  place  in  the  drawing  room  of  a  certain  ma- 
chine tool  builder:  Certain  trebles  had  been  reported,  regarding 
the  driving  mechanism  of  their  planers.  The  question  as  to 
the  cause  came  up  and  an  argumentative  war  was  carried  on 
between  two  factions  among  the  draftsmen.  One  side  believed 
that  the  reversal  of  platen  caused  the  difficulty,  while  the  other 
side  held  that  the  reversal  of  the  driving  pulley  and  accom- 
panying rotating  parts  was  to  blame  for  the  trouble.  (Of 
course,  this  all  took  place  when  the  chief  was  temporarily  al>- 
sent  from  the  room.)  The  decision  reached,  was,  that  the 
pulley,  principally,  and  platen,  only  partially,  was  at  fault. 
With  this  view  the  chief  coincided. 

The  reverse  of  the  platen  was  unusually  quick  and  a  modi- 
fi<-ation  helped  somewhat.  The  driving  pulleys  were  of  a 
heavy  pattern;  these  were  materially  lightened,  and  other  al- 
terations were  made  in  driving  mechanism  and  the  counter- 
shaft pulleys  for  the  drive  of  the  machine  were  made  quite 
heavy,  all  of  which  led  to  an  improved  condition,  and  to  the 
disappearance  of  former  troubles. 

An  attempt  made  to  stop  a  rapidly  rotating  pulley  and  to 
bring  it  to  a  high  speed  in  the  opposite  direction,  will  convince 
anyone  that  in  many  cases  there  is  needed,  for  the  time  being, 
an  excess  of  power  above  that  required  for  the  usual  operation 
of  the  machine.  At  such  a  time,  the  driving  belt  from  the 
main  line  to  the  countershaft  of  the  machine,  is  subjected  to 
an  extra  heavy  load,  which  can  be  relieved  by  the  use  of  a 
balance  wheel  upon  the  countershaft.  And  this  constitutes 
the  principal,  if  not  the  only  advantage  derived  from  a  balance 
wheel  under  these  circumstances. 

The  fact  that  the  severe  work  required  at  reversal  is  due 
more  to  the  pulleys  than  to  the  platen,  seems  to  have  been 
ascertained  by  several  concerns  within  relatively  close  periods 
of  time.  A  year  or  two  after  the  discussion,  above  noted,  took 
place,  word  came  that  another  planer  concern,  while  experi- 
menting along  the  line  of  quick  return  of  platen,  had  arrived 
at  the  same  conclusion,  that  the  pulleys  and  accompanying 
rotating  parts  required  more  power  at  reversal  than  did  the 
platen. 

As  to  just  when,  where  and  just  how  much  of  a  balance 
wheel  is  needed,  depends  mainly  upon  the  design  of  the  ma- 
chine. In  this  connection  planers  seem  to  be  the  chief  dis- 
turbers. One  type  of  machine  has  very  light  pulleys,  and  a 
comparatively  low  gear  ratio,  and  with  these,  a  balance  wheel 
is  not  much  needed.  Another  type  of  machine  works  under 
similar  conditions,  with  wide  belts  running  at  moderate  speed 
and  operates  well  by  having  the  countershaft  pulleys  heavier 
than  usual.  Still  another  type  of  planer  has  a  high  ratio  of 
gears,  narrow  belts  and  consequent  high  speed  of  the  pulleys; 
with  such  machines,  experience  has  shown  the  advantage  of  a 
balance  wheel  in  connection  with  the  countershaft. 

With  the  high-speed  class  there  is  usually  some  slippage  of 
belts,  and,  while  the  slippage  serves  to  modify  the  severity  of 
reversal,  it  is  rough  on  the  belts.  Whenever  this  slipping  of 
belts  occurs,  there  is  auricular  evidence  that  "something  is 
doing."  For  many  years,  most  of  the  planer  builders  have  fol- 
lowed to  a  greater  or  less  extent  the  practice  of  making  at 
least  one  of  the  countershaft  pulleys  quite  heavy  to  act  as  a 
balance  wheel. 

As  to  the  use  of  balance  wheels  upon  motor- driven  planera 
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or  similar  machines,  the  benefit  derived  will  depend  some- 
what upon  the  motor  used,  and  here  also  the  different  types  of 
machines  will  have  influence.  With  the  motor,  the  excess 
rnergy  required  at  reversal  may  or  may  not  be  detrimental 
to  its  action.  Some  motors  seem  to  be  able  to  take  care  of  an 
extra  load,  momentarily  applied,  with  ease;  while  others  spark 
and  flash  at  the  brushes  and  show  their  reluctance  to  taking 
on  any  extra  load  quite  plainly.  This  unsteady  movement  of 
energy   at  the   motor   may   cause   irregular   action    elsewhere 


and  be  objectionable  on  this  account.  If  a  properly  propor- 
tioned balance  wheel  can  be  applied  so  that  a  smoother  and 
better  action  of  motor  will  result,  then  its  use  will  be  ot  ad- 
vantage. Local  conditions  therefore,  must  determine  for  in- 
dividual cases,  whether  the  use  of  a  balance  wheel  is  advisable 
or  not.  . 

The  above  is  given,  not  as  a  treatise,  nor  as  being  exhaustive 
of  the  subject,  but  mainly  in  answer  to  questions  that  have 
been   recently  brought  forward. 


REDUCING  BEARII^G  SURFACE  TO  CURE  HOT  BOXES. 


In  Investigating  trouble  with  hot  boxes  on  a  road  running 
Into  Chicago  it  was  found  that  the  bearings  were  in  contact 
with  the  journals  upon  more  than  one-quarter  of  the  circum- 
ference.    By  reference  to  this  diagram  it  will  be  seen  that  If 


I>I.\l  RAM     INDICATING     EFFECT     OF     l-QO     LABGE     CONTACT     BETWEEN 
.JOURNAL    AND    BEARING. 

the  contact  is  one-quarter  of  the  circumference,  the  tangents 
will  form  an  acute  angle,  and  consequently  scraping  and  grip- 
ping will  occur  at  the  edges  if  a  heavy  load  is  applied  to  such 
a  bearing.  This  is  likely  to  prevent  the  oil  from  reaching  the 
bearing  surfaces  and  cause  heating.  In  this  case  the  trouble 
was  entirely  overcome  by  removing  the  excess  of  bearing  sur- 
face. There  were  no  oil  boles  in  these  bearings  and  no 
grooves.  In  the  original  bearings  several  huge  sized  grooves 
did  not  reduce  the  beating  at  all.  This  subject  is  also  fully 
treated  in  a  paper,  "A  Review  on  Alloys,",  read  before  tho 
Western  Railway  Club,  April,  1902,  by  Dr.  Gustave  Thurnauer. 


LOCKING  DEVL  E  FOR  CROSSHEAD  PIN  NUTS. 


Michigan  Central  Railroad. 


The  device  which  is  Illustrated  in  the  accompanying  engrav- 
ing is  the  interesting  result  of  what  might  have  been  a  very 
serious  accident  to  one  of  the  new  4 — 4 — 2  type  passenger 
engines  on  one  of  the  Michigan  divisions  of  the  Michigan 
Central  Railroad.  Considprable  difficulty  had  been  experienced 
with  the  nuts  on  the  crosshead  pins  becoming  loose,  in  spite 
of  the  fact  that  jam  nuts  were  used.  The  accident  finally 
occurred  in  which  one  of  these  engines  lost  out  one  crosshead 
pin  due  to  the  main  and  jam  nuts,  both  working  loose  and 
dropping  off;  the  result  was  a  badly  bent  main  rod  from  drop- 
ping out  of  the  crosshead,  but  fortunately  the  engine  did  not 
leave  the  rails  and  no  one  was  hurt — this  was  remarkable, 
as  the  train  was,  at  the  time,  running  at  a  high  rate  of  speed. 

This  trouble  is  now  provided  for  by  the  use  of  the  locking 
discs,  or  plates,  as  shown  in  the  engraving.  This  device  con- 
sists merely  of  a  disc  of  steel  with  a  hexagonal  opening  to 
fit  over  the  main  nut,  and  several  holes  near  its  outer  peri- 
phery,  by   which    it    may   be   fastened   up   against    the   cross- 


head.  In  applying  the  disc,  it  is  merely  slipped  over  the  main 
nut  after  it  is  tightened,  and  is  then  bolted  in  position  by  the 
machine  bolts  as  shown.  The  disc  does  not  interfere  with 
the  jam  nut  which   is   put  on  as  usual. 

This  very  simple  device  has  proved  very  effective  and  is  now 


A     NOVEL    LOCKING     DISC     FOR    CB0,SS-HEAD     TIN     NUTS. MICHIGAN 

CENTRAL    RAILROAD. 
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being  applied  to  all  engines  having  crosshead  pins  of  this 
type.  We  are  indebted  to  Mr.  D.  R.  McBain,  master  mechanic, 
and  Mr.  M.  D.  Franey,  foreman,  of  the  locomotive  repair  shops 
of  the  Michigan  Central,  at  Jackson,  Mich.,  for  this  in- 
formation. 


THE  ORIGINATOR  OF  SLEEPING  CARS 

Colonel  R.  E.  Goodell  died,  in  Denver,  October  21.  He  was 
a  conspicuous  figure  in  the  railway  world  in  the  fifties.  At  that 
time  he  was  superintendent  of  the  Chicago  &  Alton  Railroad. 
and  it  was  he  who  executed,  on  behalf  of  the  railroad  com- 
pany, the  first  contract  ever  made  with  the  late  George  M. 
Pullman  for  Pullman  sleeping  cars.  It  was  largely  through 
Colonel  Goodell's  influence  and  sagacity  that  this  first  recog- 
nition of  Mr.  Pullman's  sleeping  cars  was  made  which  gave 
the  "Alton"  the  disiinction  of  being  the  pioneer  sleeping  car 
line.  There  were  three  different  makes  of  sleeping  cars  origin- 
ally submitted  to  Colonel  Goodell  for  his  choice,  and  after 
examining  all  patterns,  the  choice  fell  to  Mr.  Pullman.  Colonel 
Goodell  took  Mr.  Pullman  to  Bloomington,  at  which  point  the 
Chicago  &  Alton  erecting  shops  tlien  and  now  are  located,  and 
from  two  Chicago  &  Alton  passenger  coaches  the  first  Pullmans 
were  constructed.  The  first  contract  provided  that  the  "C. 
&  A."  was  to  furnish  the  cars  and  keep  up  the  outside,  and 
that  Mr.  Pullman  was  to  furnish  and  keep  up  the  inside.  While 
Mr.  Pullman  provided  the  drawings  and  patterns  for  his  first 
cars.  Colonel  Goodell's  recommendations,  as  the  cars  were 
under  reconstruction,  were  exceedingly  valuable  to  Mr.  Pull- 
man, and  the  friendship  between  the  two  men.  formed  at  that 
time,   continued   until   Mr.   Pullman's   death. 


Decemueh,     Ul03, 
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AN  EXTENSIVE  WATER  SOFTENING    INSTALLATION. 


Total  Cai'.u  ity,   348,000  Gm.i.on.s   I'li:  HoiJi. 


I'lTTSUUIMIlI    &    LAKK    HltlK    ItA  Il.ltllAI). 


II. 


(Continued   from    pdtir    101.) 


T;ip  piovision  of  good  l)oiler  waters  is  of  the  first  importance 
as  an  operating  problem.  To  be  sure  the  question  of  economy 
in  repairs  is  also  important.  On  such  a  road  as  the  Pittsburg 
&  Lake  Erie  with  an  enormous  and  exacting  traffic  centering  in 
such  a  city  as  Pittsburgh,  the  first  requisite  of  the  locomotive 
is  that  it  shall  be  powerful  and  that  its  power  shall  be  con- 
tinuously available  for  service  I  arge  capacity  has  been  sought 
in  some  cases  by  merely  increasing  the  dimensions  and  weights 
of  engines,  but  this  plan  soon  reaches  physical  limits  and  it 
does  not  avoid  the  loss  of  service  because  of  boiler  repairs  due 
to  bad  water.  When  the  water  question  is  satisfactorily  solved 
the  matter  of  ultimate  capacity  may  be  taken  up  and  water 
which  is  good  for  small  boilers  is  also  good  for  large  ones. 
The  plan  of  this  road  seems  to  be  admirable  because  it  promises 
to  secure  the  utmost  boiler  capacity  combined  with  continuous 
service  of  the  present  equipment,  and  furthermore,  all  other 
efforts  to  increase  capacity  are  still  available.  Any  principle 
tending  toward  obtaining  the  ma.xiniura  possible  results  from 


Engineering  Department.  Some  of  the  conslderatlonB  which 
lerl  to  the  adoption  of  water  purifying  plants  on  a  large  scale 
on  this  progressive  road  may  be  of  interest. 

On  account  of  the  use  of  scale  forming  wafers,  and  also  of 
water  containing  free  sulphuric  acid,  it  will  be  admitted  that 
bad  results  will  inevitably  come.  These  results  may  be  summed 
up  as  follows: 

First:  Loss  of  fuel  due  to  the  insulating  effect  of  scale  on 
the  flue  and  other  heating  surfaces. 

Second:  I  oss  in  service  of  locomotives  due  to  time  required 
for  making  repairs,  weekly,  monthly  and  annually,  directly 
chargeable  to  bad   water  conditions. 

Third;  Additional  round  house  and  shop  expenses,  due  to 
the  above  work,  for  material  and  labor. 

The  above  items  will,  of  course,  have  different  money  values 
on  different  roads  varying  with  the  conditions;  but  on  the 
Pittsburgh  and  Lake  Erie  the  amounts  have  been  estimated  as 
stated  below: 

First  Item:     "Loss   of  fuel  due  to  effect  of  scale,  etc.": 

A  great  deal  of  careful  investigation  has  f.)een  given  to  the 
determination  of  the  efficiency  of  the  heating  surfaces  of  boil- 
ers when  clean  and  when  coated  with  scale,  and,  in  this  con- 
nection the  remarkable  uniformity  of  the  results  of  all  such 
investigation  is  worthy  of  note. 

In  Clark's  "Steam  Engine."  volume  1,  page  218,  it  is  stated 
that  "a  scale  of  a  sulphate  of  lime  IIG  in.  thick  reduced  the 
efficiency  14.7%"  (as  determined  in  a  series  of  experiments 
upon  a  boiler).    Dr.  J.  C.  Rogers  states,  in  the  volume  entitled, 


SAMPLES  OF  SCALED  BOILER  TIBES,   TAKEN   FROM   LOCOMOTIVES  OF  THE    PlTT.SliUR(:H    &     LAKE    ERIE    RAILROAD,     .U'TEB     12     MONTHS     OF 

SERVICE    WITH    THE    UNTREATED    WATER. 


present  equipment  appeals  to  us  as  right  from  a  business,  as 
well  as  from  an  engineering,  standpoint  and  water  purification 
seems  to  be  the  problem  to  which  motive  power  and  engineer- 
ing talent  can  be  most  profitably  applied  at  this  time. 

It  is  difficult  to  realize  fully  the  extent  to  which  the  use  of 
natural  waters,  containing  scale-forming  impurities,  for  loco- 
motive water  supply,  influences  the  problem  of  caring  for  and 
maintaining  locomotive  boilers  upon  our  railroads.  The  diffi- 
culties imposed  by  the  formation  and  accumulation  of  scale 
upon  the  heating  surfaces  of  boilers  have,  through  the  many 
years  of  use  of  steam  power,  come  to  be  regarded  as  a  neces- 
sary evil  which  cannot  be  avoided  and  which  must  be  regularly 
provided  for  with  care.  It  is  the  usual  practice  of  most  of  our 
railroads  to  liberally  provide  for  frequent  and  extensive  boiler 
repairs  and  renewals,  but  the  extra  expense  involved  in  this 
element  of  maintenance  is  incapable  of  exact  determination  on 
account  of  the  complication  and  inter-connection  of  details — it 
is  the  experience,  however,  of  all  motive  power  officials  that 
this  element  is  very  expensive  and  involved,  and  has  been  con- 
sidered an  unavoidable  factor  in  the  problem  of  locomotive 
maintenance. 

The  possibilities  for  economies  that  exist  in  the  use  of  the 
water  treatment  system  for  removing  the  scale-forming  im- 
purities from  the  boiler-feed  water,  are  thus  almost  beyond 
comprehension.  Few  have  given  this  subject  the  consideration 
that  it  deserves  and  little  is  known,  also,  of  the  benefits  to  l)« 
derived.  This  subject  was  investigated  with  great  care  and 
analyzed  most  completely  by  the  management  of  the  Pitts- 
burgh &  Lake  Erie  Hailroad  under  the  direct  supervision  of  the 


"Water  Purification,"  that  a  scale  1-16  in.  thick  makes  15% 
more  fuel  necessary  than  with  clean  heating  surfaces  and  fur- 
tuermore  that  this  ratio  increases  as  the  scale  thickens.  This 
authority  also  estimates  the  heat  conductivity  of  boiler 
incrustation  to  bear  a  relation  to  that  of  wrought  iron  plate 
of  1  to  37.5.  The  authority,  Rankine,  states  in  his  work  on 
"Steam  Engines"  that  the  specific  heat  of  carbonate  of  lime 
is  18  times  that  of  iron,  and  that  of  sulphate  of  lime  is  15 
times  that  of  iron;  it  is  stated  that  the  consequent  waste  in 
urging  a  fire  for  steam  raising  in  a  scaled  boiler  is  enormous, 
as  it  is  estimated  that  1-16  in.  of  scale  requires  the  use  of 
16%  more  fuel,  while  a  scale  %  in.  thick  will  necessitate  50% 
more  fuel,  and  %  in.  of  scale  15o%  more  fuel.  A  noted  foreign 
authority.  Fischer's  Chemisch  Technologic  des  Wassers,  page 
216.  states  that  Reuben  Wells  ran  two  engines  for  several 
months  with  heating  surfaces  covered  with  scale  and  an  equal 
length  of  time  later  with  clean  heating  surfaces,  and  found  a 
saving  of  17i_.%   with  the  clean  boiler. 

The  remarkable  uniformity  of  these  few  of  the  many  tests 
that  have  been  made  in  this  direction  tend  to  verify  the  gen- 
eral proposition  that  1-16  in.  of  scale  on  the  heating  surfaces 
of  a  boiler  will  increase  the  fuel  required  to  be  burned  to 
maintain  a  given  temperature  on  the  water  side  of  the  sur- 
face by  approximately  14%  to  17% — say  15%. 

By  careful  investigation  it  has  been  determined  that  the 
average  condition  of  a  boiler  will  show  at  least  %  of  an  inch 
of  scale  upon  the  heating  surfaces.  The  nature  of  the  scale 
that  forms  in  the  boilers  may  be  judged  from  the  accompany- 
ing photographs  of  sections  of  boiler  tubes  that  were  selected 
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as  samples  to  show  the  average  conditions  met  in  practice. 
These  tubes  had  been  in  service  about  a  year  before  they 
were  removed.  The  average  thiclmess  of  scale  on  these  sam- 
ples is  %  in.,  although  on  the  bottom  edge  it  measured  3-16 
in.  thick.  The  scale  is  of  a  very  hard  nature,  the  scale  form- 
ing materials  evidently  having  strong  cementing  properties. 
The  color  is  light  brown. 

This  matter  has  been  brought  to  the  attention  of  several 
prominent  motive  power  officials  and  the  unanimous  opinion 
is  that  Vs  of  an  in.  is  a  very  conservative  estimate  of  the 
average  thickness  of  scale  on  different  roads  throughout  the 
country.  Therefore  by  assuming  this  to  be  true  we  find  that 
on  an  average  30%  of  the  fuel  used  has  been  wasted  due  to 
scale.  These  figures  might  probably  be  safely  used,  but  in 
order  that  the  estimate  may  be  under,  rather  than  over,  actual 
conditions  we  will  use  only  one-half  this  amount,  or  15%,  and 
still  find  the  estimated  loss  due  to  this  cause  on  the  P.  &  L.  E. 
R.  R.  amounting  to  about  $50,000  per  year— using  the  amount 
of  fuel  coal  reported  in  annual  report  for  the  last  fiscal  yeal^. 

Second  Item:     "Loss  in  service  of  locomotives,  etc.": 

This  loss  has  been  estimated  to  amount  to  about  1-12  of  the 
total  time  of  the  locomotive,  taking  into  account  the  many 
times  the  flues  and  fire  boxes  require  to  have  "boiler  work" 
done  on  them,  and  also  the  fact  that  new  flues  have  to  be 
put  in  about  once  in  every  10  months. 

Putting  this  estimate,  which  is  also  placed  on  the  conserva- 
tive side,  in  plain  figures,  it  means  that  on  this  road  the 
company  is  losing  constantly  the  use  of  $230,000  invested  in 


locomotives  that  are  unproductive  on  account  of  bad  water. 
It  would  be  quite  reasonable  to  estimate  this  loss  by  using  the 
taming  power  of  the  locomotive,  as  for  a  considerable  time 
during  the  past  two  years  the  locomotive  capacity  measured 
the  capacity  of  the  road  to  do  business;  but  as  this  would 
lead  to  miormous  figures  we  will  use  the  very  conservative 
method  by  estimating  simply  the  interest  on  the  investment, 
using  5%  for  interest  and  5%  for  depreciation  which  makes 
the  annual  loss  through  locomotives  being  out  of  service 
amount  to  $23,000. 

Third  Item:  "Loss  due  to  shop  expenses  on  locomotives 
due  to  bad  water  troubles": 

This  item  is  somewhat  indefinite,  but  taking  into  account 
labor,  material  and  proper  charge  for  use  of  shop  facilities  it 
has  been  estimated  to  amount  to  $100  per  locomotive  per  year, 
making  a  total  loss  on  this  road  of  $20,000  per  year. 

Summing  up  these  items  we  have  an  estimated  loss  per 
year  of  $93,000  due  to  bad  water  conditions,  which  is  a  very 
conservative  estimate. 

It  cannot  be  hoped  that  any  system  of  water  purification 
now  on  the  market  will  allow  all  of  these  bad  conditions  to 
be  gotten  away  from  entirely,  without  some  expense,  and 
probably  losses  in  other  directions;  but  the  enormous  amounts 
of  these  losses  have  been  considered  sufficient  warrant  for  an 
investment  in  water  purifying  plants  for  the  entire  road. 

Results  are  now  being  had  which  will  determine  whether 
the  investment  will  produce  the  economies  as  described. 

These  results  will  be  given  in  later  issues. 


A  CAR  SHOP  WHEEL  HOIST  AND  TRAVERSER. 


This  wheel  hoist  Is  at  the  Englewood  car  shops  of  the  Lake 
Shore  t  Michigan  Southern,  and  is  arranged  between  two 
buildings,  the  one  on  the  right  being  the  machine  shop. 
Wheels  are  run  in  from  the  yard,  and  as  the  hoist  is  traversed 
along  the  runway  by  a  chain,  any  pair  of  wheels  may  be 
taken  to  the  machine-shop  door,  turned  and  run  into  the 
building  on  a  track.  The  air-cylinder  Is  8Mi  x  44  Ins.  controlled 
by  handles,  and  the  air  Is  brought  to  It  by  a  hose  carried  in 
loops  by  small  carrier  pulleys  15  ft.  apart.  The  chain  is  end- 
less, and  is  driven  from  an  extended  line-shaft,  the  clutch  being 
operated  from  the  machine-shop  door.  To  traverse  in  one 
direction  the  cylinder  carriage  is  clutched  to  the  upper  chain, 
and  to  drive  it  in  the  opposite  direction  it  is  connected  to  the 


lower  one.  This  clutch  is  operated  by  cords.  At  first  a  wire 
cable  was  used  for  traversing,  but  this  has  been  replaced  by  a 
%-in.  plain  Iron  chain,  which  is  adjusted  as  to  length  by  a 
sheave  on  a  swinging  hanger.  The  device  is  very  convenient. 
and  saves  a  material  amount  of  labor  in  handling  wheels.  It 
is  specially  valuable  when  a  rush  order  of  wheels  must  be 
handled  in  the  shop  when  the  trackway  happens  to  be  full. 
The  device  was  arranged  by  Mr.  L.  G.  Parish,  master  car- 
builder  of  the  L.  S.  &  M.  S.  at  Englewood. 


ELECTRIC    TRACTION    EQUIPMENT    FOR    THE    NEW 
YORK    CENTRAL. 


WHEEL  HOIST  AND  TRAATSRSER  AT  THE  EN(;LE\V0OD  SHOl'S,  LAKE 

RAILWAY. 


The  New  York  Central  &  Hudson  River  R.  R.  Co.,  have  just 

placed  an  order  with  the  General 

Electric  Company  for  eight  tur- 
bo-generators of  a  capacity  of 
7.500  h,p.  each.  The  turbines  are 
of  the  4-stage-vertical-Gurtis-type, 
and  the  generators  are  25  cycle, 
3-phase  alternators,  to  generate 
current  at  a  pressure  of  11,000 
volts.  This  is  by  far  the  largest 
order  for  steam  turbines  that  has 
ever  been  placed  in  this  country 
or  abroad.  The  New  York  Cen- 
tral Company  has  placed  with 
the  General  Electric  Company,  in 
cooperation    with    the    Schenec- 

^-  i^^  *^''y    Works    of    the    American 

l^ff  I.o;-omotive    Company,    an    order 

for  30  electric  locomotives.  These 
locomotives  are  of  an  entirely 
new  design.  They  will  weigh 
85  tons  each,  wi|;h  an  adhesive 
weight  on  the  drivers  of  67  tons. 
Each  locomotive  will  have  a  ca- 
pacity of  2,200  h.p.,  and  will  be 
capable  of  hauling  a  train  of  500 
tons  at  a  speed  of  60  miles  an 
hour.  This  order  has  also  the 
distinction  of  being  by  far  the 
largest  order  for  electric  locomo- 
<HuKt  .i  .MicHioAN  bocTHERN  tives  ever  placed  in  any  country. 
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COMiVlUNICATIONS. 


MODERN  SMOKE  BOX  PRACTICE  NOW  UNDERSTOOD 
ABROAD. 


TWO     SPECIALLY     IMPORTANT       FEATURES    OF 
BALANCED    COMPOUND   LOCOMOTIVES. 


To  the  Editor: 

Uiiriug  the  past  eighteen  months  the  American  Engineer  and 
Uaii.tioad  Journal  has  published  several  valuable  articli's  upon 
llie  Vauclain  and  the  do  Glehn  systems  of  4-cylinder  balanced  com- 
pound locomotives,  but  I  do  not  recall  any  reference  having  been 
nuule  to  two  very  important  advantages  possessed  by  these  engines 
over  the  ordinary  2-crank  locomotive,  namely:  (1)  The  higher 
value  of  the  normal  eocQicient  of  adhesion,  and  (2)  the  greater 
uniformity  of  the  tractive  force  developed  during  each  revolution 
of  the  driving-wheels.  Since  these  characteristics  of  the  balanced 
locomotive  have,  to  a  considerable  extent,  enabled  it  to  regularly 
perform  work  in  Kurope  for  which  in  this  country  an  engine  of 
some  20  per  cent,  greater  weight  is  required,  I  beg  leave  to  direct 
s))ecial  attention  to  them. 

In  any  2-cr;uik  locomotive,  whether  of  the  single-expansion,  2- 
cylinder  compound,  Vaiiolain,  or  tandem  compound  type,  the  turn- 
ing moments,  as  is  well  known,  vary  greatly  throughout  the  revolu- 
tion, attainiug  their  maximum  theoretical  value  when  the  two 
cranks  are  in  front  of  the  axle  and  stand  at  angles  of  45  degs.  with 
horizcmtal  or  vertical  lines,  and  decreasing  from  thence  to  the  dead 
l)iiints,  where  the  rotative  effort  falls  to  a  minimum. 

With  a  locomotive  having  four  cranks  set  at  90  degs.  to  each 
other,  the  turning  moments  are,  obviously,  much  more  uniform 
than  in  an  ordinary  engine,  and  practically  approximate  very 
closel.v  to  the  results  obtained  from  an  electric  motor  drive. 

Now,  "it  is  indisputable  that  driving-wheels  with  variable  turning 
moments  are  much  more  likely  to  slip  than  those  whose  effort  on  the 
rails  is  fairly  constant.  A  wheel  begins  to  slip  when  the  effort  is 
at  a  maximum,  which  would  not  slip  with  the  average  effort.  Once 
slipping  begiivs.  static  friction,  whose  coefficient  is  much  higher 
than  that  of  dynamic  friction,  is  lost,  and  the  wheel  once  started 
will  go  on  slipping.  Here  we  have  the  reason  why  the  motor  bogie 
has  apparently  a  higher  coefficient  of  adhesion  than  has  the  steam 
locomotive."      (The  Engineer,  October  30,  1903.) 

To  this  tendency  to  slip  caused  by  the  variable  rotative  effort  of 
the  2-crank  engine  miust  be  added  that  due  to  the  variation  (fre- 
tiuently  of  many  thousand  pounds)  of  the  effective  adhesive  weight 
during  each  revolution  of  the  driving-wheels,  resulting  from  the 
vertical  component  of  the  centrifugal  force  developed  by  the  weights 
employed  to  partially  neutralize  the  inertia  effects  of  the  reciprocat- 
ing masses.  This  disturbance  is.  of  course,  entirely  avoided  in  the 
balanced  locomotive,  and  a  practically  constant  adhesive  force  is 
thereby  obtained. 

The  combined  effect  of  this  uniformity  in  the  rotative  effort,  and 
in  the  wheel  pressure  of  the  4-crank  locomotive,  is  that  its  coeffi- 
cient of  adhesion  is  considerably  greater  than  that  of  the  ordinary 
engine.  Quoting  again  from  Tlie  Engineer:  "Tlie  normal  coeffi- 
cient of  adhesion  in  this  country  (England)  is  taken  at  one-sixth 
of  the  insistent  weight  on  the  drivers ;  we  have  reason  to  believe 
that  with  Mr.  de  Glehn's  engine  it  is  not  le.ss  than  one-fifth,  or 
passibly  more." 

From  this  it  fcjlluws  that  in  addition  to  the  greatly  increased 
driving-wheel  loa<ls  rendered  practicable  and  safe  by  the  suppres- 
sion of  all  balancing  of  the  reciprocating  parts  of  the  engine,  the 
4-crank  locomotive  enables  a  greater  proportion  of  the  given  adhe- 
sive weight  to  he  utili::ed  by  the  eylinders.  and  to  appear  as  effective 
tnielivc  force,  than  is  possible  with  any  other  type  of  engine. 

Furthermore,  the  greater  uniformity  in  the  turning  moments  of 
the  4-crauk  than  of  the  2-crank  locomotive,  together  with  the  elim- 
ination of  the  longitudinal  disturbances  due  to  the  unbalanced  por- 
tion of  the  reciprocating  parts,  necessarily  results  in  a  correspond- 
ingly greater  uniformity  in  the  draw-bar  stress  of  the  former  than 
of  the  latter  engine ;  the  importance  of  which  uniformity  will  be 
apparent  when  it  is  remembered  that  experience  seems  to  prove 
beyond  all  dispute  that  a  locomotive  with  a  steady  tractive  effort 
will  haul  heavier  and  fa.stcr  trains  than  one  whose  pull,  although  of 
equal  mean  intensity,  rises  and  falls  in  amount. 

From  the  foregoing  it  appears  that  both  as  regards  its  norma! 
coefficient  of  adhesion,  and  its  uniform  tractive  force,  the  4r-cylinder 
balanced  compound  locomotive  approximates  quite  closely  to  the 
electric  motor,  and  since  the  latter  constitutes  the  most  efficient 
method  of  railway  propulsion  now  known,  this  similarity  indicates 
that  in  at  least  two  important  particulars  this  type  of  engine  ap- 
proaches perfection.  Edward  L.  Roster, 

25  Broad  Street,  New  Tork. 

November  17,  1903. 


'J'u  the  Editor: 

Mims.  Kdouard  Sauvage,  the  prominent  French  motive  power 
engineer  and  author  of  a  very  complete  and  useful  treatise 
on  the  locomotive  boiler,  has  recently  published  another 
work  of  interest,  "Les  Locomotives  au  Debut  du  XXme  Siecle" 
(I/oeomotives  at  the  beginning  of  the  20th  Century).  This  book, 
which  has  not  been  translated  and  does  not  seem  to  have  been  re- 
viewed by  any  of  our  technical  journals,  illustrates  numerou.s  exam- 
ples of  the  most  recent  practice  both  here  and  in  Europe,  the  only 
criticism  which  seems  applicable  to  its  presentation  of  our  own 
being  that  it  is  deficient  as  to  any  instances  of  the  suburban  engines 
of  the  Forney  type  and  the  heavy  shifting  engioe«  which  have  been 
recently  introduced  in  the  United  States.  The  leading  examples 
of  pri'scnt  European  practice  also  appear  to  be  included,  and  a 
comparison  of  the  book  with  a  German  publication  of  about  the 
same  date,  "Die  Lokomotiven,"  by  von  Borries  and  others,  indicates 
that  the  latter  authors  have  not  gone  any  more  fully  into  the  sub- 
ject of  European  practice. 

The  following  translation,  which  the  writer  has  made  as  literal 
as  po.ssibic,  of  M.  Sauvage's  remarks  on  the  subject  of  smoke  boxes, 
on  page  ]:.'>  of  his  book,  shows  that  European  engineers  are  now 
obtaining  a  correct  understanding  of  the  basic  and  imderlying 
fallacy  of  the  extended  smoke  box  system,  and  warrants  the  belief 
that  they  will  follow  the  latest  and  best  examples  of  American 
practice  in  abandoning  it,  without  undergoing  our  lengthy  and 
costly  demonstration  of  its  disadvantages. 

"Smoke  boxes  were  formerly  a.s  small  as  possible.  Since  the  last 
ten  years  they  have  applied  very  much  in  Europe  the  extended 
smoke  box,  of  a  length  of  nearly  2  metres,  which  originated  in 
America.  By  reason  of  its  vast  capacity  it  can  collect  a  great 
quantity  of  cinders,  drawn  into  it  by  the  active  draught,  without 
causing  the  accumulated  cinders  to  obstruct  the  discharge  from  the 
tubes.  European  engineers  have  recently  learned,  with  a  certain 
surprise,  that  a  return  to  the  box  of  smaller  dimensions  appears  to 
be  produced  in  America,  while  they  extended  the  applications  of  the 
expanded  box.  Observe  the  motives  of  this  new  American  practice. 
Combustion  was  pushed  so  far  in  the  United  States  that  the  en- 
trainments  of  cinders  are  enormous ;  no  smoke  box,  whatever  its 
capacity  might  be,  would  serve  to  hold  all  of  them.  Of  what  use 
then  was  it  to  keep  a  portion?  They  have  then  adopted  the  plan 
of  so  di-sposing  the  apparatus  that  the  cinders  may  be  thrown  out 
of  the  stack,  always  after  having  been  broken  up  by  striking  against 
the  surfaces  of  the  smoke  box,  in  order  to  avoid  the  throwing  out 
of  large  pieces  which  could  .set  out  fires." 

It  is  a  matter  of  surprise  that  so  long  a  time  was  occupied  and  so 
much  money  wasted  in  this  country,  in  ascertaining  the  fact,  which 
ought  to  be  an  obvious  one,  that  an  extended  smoke  box,  unless 
made  of  such  "vast  capacity"  as  to  be  absolutely  impracticable, 
cannot  hold  any  substantial  fraction  of  the  cinders  that  are  drawn 
through  the  tubes,  and  that  this  being  the  case,  it  is  practically  as 
well  to  have  all  of  them  thrown  out  as  to  retain  only  the  small 
portion  of  them  which  will  bank  up  against  the  front  of  the  exten- 
sion. European  engineers  having  now  observed  the  recognition  of 
these  facts  in  our  latest  and  most  intelligent  practice,  will  not  be 
slow  to  recognize  not  only  that  an  extended  smoke  box  does  not 
serve  as  a  receptable  to  carry  any  material  portions  of  the  cinders 
(regardless  of  the  character  of  the  combustion  in  the  firebox),  but 
also  that  it  involves  the  attendant  disadvantages  of  increased  cost, 
weight  and  impairment  of  free  steaming.  We  are  dropping  the 
"fad"  after  a  long  and  expensive  experience  with  it,  and  they  have 
the  advantage  that  their  mistake  in  adopting  it  will  require  in- 
finitely less  time  and  money  for  its  correction. 

J.  Snowden  Bell. 

Pittsburgh,  November  11,  1903. 


Assoc.  Am.  Soc.  M.  E. 


In  discussing  the  dangerous  practice  of  plugging  staybolts 
in  the  November  number  of  this  journal,  it  was  slated  that 
"the  well  known  hollow  staybolts  cannot  be  plugged  from 
the  outside  without  putting  the  fire  out."  This  needs  a 
little  explanation,  because  it  was  not  understood  by  at  least 
one  of  our  readers.  The  intention  of  the  writer  of  that  state- 
ment was  to  say  that  a  hollow  staybolt  cannot  be  plugged  from 
the  outside  without  sending  steam  through  the  broken  bolt 
to  the  inside  of  the  firebox.  This  journal  is  edited  for  the 
high-class  motive  power  official,  and  it  is  inconceivable  that 
anyone  who  cares  to  read  it  would  be  guilty  of  such  a 
criminal  act  as  to  plug  a  staybolt  under  any  circumstances. 
We  wished  to  point  out.  however,  the  diflaculty  of  performing 
such  an  abominable  trick  in  the  case  of  a  hollow  staybolt. 
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Mr.  G.  M.  Basford,  editor  of  this  journal,  sailed  Nov.  21st,  for 
the  trip  to  Europe,  as  noted  in  oui"  editorial  columns  of  the  pre- 
ceding issue.     He  will  remain  abroad  about  ten  weeks. 
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The  president  of  a  well-known  railroad  makes  a  practice  of 
using  the  technical  journals  in  a  way  which  might  well  be  fol- 
lowed by  others.  He  is  a  systematic  reader  of  the  papers  and 
makes  a  practice  of  marking  articles  referring  to  the  opera- 
tion of  the  various  departments  and  calling  the  attention  of 
the  heads  of  the  departments  to  such  as  he  finds  specially  in- 
teresting or  suggestive.  If  done  in  a  broad-minded  way  this 
is  an  excellent  plan,  and  one  from  which  important  results 
may  be  obtained.  The  president,  however,  is  not  the  only 
officer  who  may  use  this  method  effectively.  A  Western  mas- 
ter mechanic  does  practically  the  same  thing  among  his  fore- 
men and  shop  men.  He  marks  articles  and  sends  them  with 
a  letter  to  certain  men,  asking  for  a  written  opinion  upon  the 
applicability  of  the  suggestion  contained  in  the  article  to  the 
local  conditions.  In  this  case  it  is  not  the  opinion  that  is  de- 
sired so  much  as  the  assurance  that  the  papers  are  read  and 
the  suggestions  noticed.  This  officer  finds  this  plan  so  satis- 
factory that  he  is  to  extend  it  and  bring  the  technical  papers 
into  the  discussions  at  the  meetings  of  the  foremen  and  shop 
men,  which  he  holds  at  regular  intervals.  , 


Those  who  are  responsible  for  the  design  of  locomotives  for 
present  day  conditions  of  service  should  bear  in  mind  the  fact 
that  they  are  not  building  for  to-day  alone,  but  for  the  next 
twenty  years.  For  this  reason  it  is  important  to  provide  suffi- 
cient capacity  to  guard  against  the  possibility  of  finding  it 
necessary  to  ultimately  convert  locomotives  to  another  type 
or  discard  them  altogether,  because  they  are  inadequate  for 
economical  performance.  A  freight  locomotive  with  17-ln. 
cylinders,  carrying  140  lbs.  steam  pressure  is  almost  entirely 
useless  to-day  if  it  be  of  a  type  which  does  not  readily  lend 
itself  to  conversion  into  a  switch  engine;  yet  many  such  locomo- 
tives are  still  in  service.  To  many  general  managers  a  locomo- 
tive is  a  locomotive,  and  it  is  not  always  easy  to  secure  approval 
of  the  "scrapping"  of  old  engines,  although  such  a  course  is  ob- 
viously correct  from  a  business  standpoint.  It  is  possible  to 
build  locomotives  to  designs  which  will  insure  economical  ser- 
vice to  the  end,  but  thiS  requires  a  long  look  into  the  future. 
The  present  experience  of  a  number  of  roads  indicates  the  im- 
portance of  using  the  greatest  possible  skill  in  original  de- 
signs in  order  to  keep  locomotive  equipment  up  to  advancing 
requirements.  To  properly  design  locomotives  to-day  requires 
a  high  grade  of  ability,  experience  and  knowledge  of  operat- 
ing conditions.  In  this  function  motive  power  superintendents 
are  called  upon  to  exercise  a  degree  of  skill  and  ability  which 
was  formerly  not  needed.  With  the  tendency  of  the  time  to- 
ward concentration  of  ownership  it  may  be  said  that  too  much 
care  cannot  be  taken  in  the  development  of  every  new  design 
which  is  to  remain  for  years  as  an  indication  of  the  character 
of  business  ability  of  those  in  responsible  charge.  In  this 
matter  a  lesson  lies  not  deeply  hidden,  to  the  effect  that  it 
would  be  well  to  magnify  the  importance  of  the  officers  who 
are  directly  in  charge  of  this  important  work. 


PROMOTION    FROM    THE    RANKS. 


Most  people  are  not  satisfied  with  their  situation  in  life, 
and  if  it  were  not  so  there  would  be  little  or  no  progress  or 
improvement  in  any  direction.  Dissatisfaction  with  what  we 
are  and  what  we  have  is  the  incentive  to  do  better  things. 
Therefore  dissatisfaction  in  this  sense  is  a  good  thing.  If  a 
man  is  satisfied  to  perform  the  same  service  for  twenty  years, 
in  the  same  way  and  with  no  improvement  in  position  or  com- 
pensation he  is  not  fit  even  for  that  position  and  must  eventu- 
ally move  backward.  Those  who  are  responsible  for  the  work 
of  many  men  may  take  this  dissatisfaction  for  granted  and 
neglect  it.  They  are  the  men  who  are  unable  to  retain  the 
service  of  good  men.     They  deserve  to  lose  every  good  man. 
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On  the  other  hand  they  may  take  advantage  of  it  to  promote 
and  encourage  every  man  who  is  dissatisllcd  enough  to  improve 
Ills  worli  and  prepare  for  greater  responsihiiities. 

Herein  is  the  success  of  men  like  Carnegie,  and  herein  lies 
the  failure  of  many  large  concerns  to  secure  and  keep  the  right 
sort  of  men.  Railroads  can  be  mentioned  on  which  this  prin- 
ciple has  not  taken  a  strong  growth.  In  such  cases  important 
positions  are  always  filled  with  "new  blood."  The  old  blood 
understands  this  policy  to  mean  that  hope  of  advancement 
and  promotion  is  cut  off  from  all  who  cannot  bring  strong 
influence  to  bear  upon  their  own  interests,  and  few  are  able  to 
do  this. 

This  situation  is  not  only  unbusiness-like,  but  it  is  posi- 
tively dangerous  to  the  advancement  of  those  who  are  respon- 
sible for  it.  How  can  an  organization  of  discouraged  subor- 
dinates accomplish  good  work?  It  is  impossible  to  do  "good 
railroading"  under  any  such  conditions.  Those  who  arc  mak- 
ing the  fatal  mistake  of  neglecting  the  principle  of  promotion 
from  the  ranks  should  give  this  matter  a  thought  and  rectify 
it  before  it  is  too  late. 


Mr.  R.  S.  Wickershara  has  resigned  as  assistant  engineer  of 
tests  of  the  Sante  Fe,  to  enter  the  service  of  the  Chicago  & 
Northwestern  as  roundhouse  foreman  at  Hawarden,  Iowa. 


VARIABLE-SPEED   DRIVES   AND  FEEDS. 


The  opinion  is  held  by  some  that  the  introduction  of  the 
positive-drive  speed-changing  mechanism  for  the  feeds  and 
drives  of  machine  tools,  which  is  being  resorted  to  by  progres- 
sive tool  builders,  is  being  overdone — that  too  many  speeds  are 
usually  provided  for,  etc.  In  one  instance  a  contemporary 
states  editorially,  that  "a  reversion  is  noted  in  some  orders 
recently  placed  in  that  the  specifications  call  for  but  two  or 
three  possible  changes  of  speed." 

We  believe,  however,  that  the  variable  speed  mechanism  has 
not  been  introduced  nearly  to  the  extent  that  its  advantages 
justify  and,  further,  that  the  advantages  of  its  use  are  far 
from  being  sufficiently  appreciated;  this  belief  is  fully  sustained 
by  the  fact  that  all  of  our  more  progressive  tool  builders,  in 
this  country,  are  using  and  perfecting  such  devices  wherever 
it  is  possible  to  use  them,  and  again  by  the  fact  that  the  Eng- 
lish and  other  foreign  tool  builders  have  been  doing  so  for 
some  time.  The  fact,  that  "in  some  orders  recently  placed" 
only  two  or  three  speed  changes  are  called  for,  does  not  indi- 
cate a  "reversion"  from  the  use  of  this  improvement,  but  rather 
a  further  step  in  progress,  in  that  the  tools  are  to  be  specialized 
for  the  work  in  which  they  are  to  be  used.  This  is  as  com- 
mendable as  is  the  use  of  the  speed  changing  mechanism. 

Where  tools  are  to  be  used  for  varying  classes  of  work, 
such  as  is  the  case  with  drilling  machines  and  lathes  (unless 
specialized)  the  provision  of  speed  changes  in  tlie  drives,  either 
by  variable  speed  motors,  or  mechanically,  is  absolutely  es- 
sential for  progressive  and  time-saving  machining  operations, 
and  any  statement  to  the  effect  that  "the  best  way  to  insure 
the  best  cutting  speed  to  be  maintained  would  appear  to  lie 
in  taking  from  the  workman  the  ability  to  vary  such  speed," 
is  absolutely  wrong. 


PERSONALS. 


Mr.  T.  M.  Ramsdell  has  resigned  as  chief  car  inspector  ot 
the  Sante  Fe  to  accept  the  position  ot  master  car  builder  of  the 
Chesapeake  &  Ohio,  with  headquarters  at  Huntington,  W.  Va. 


Mr.  C.  Kyle,  formerly  master  mechanic  of  the  Algoma  Central 
&  Hudson  Bay,  is  now  master  mechanic  of' the  Lake  Superior 
division  of  the  Canadian  Paciflc,  with  headquarters  at  North 
Bay,  Ont. 


Mr.  John  Cullinan  has  resigned  as  master  mechanic  of  the 
Pennsylvania  lines  at  Toledo,  Ohio. 


Mr.  P.  C.  Cleaver  has  been  appointed  superintendent  of 
motive  power  and  rolling  stock  of  the  Rutland  Railroad,  to 
succeed  Mr.  P.  T.  Lonergan,  resigned.     His  headquarters  ar« 

at  Rutland,  Vt. 


Mr.  W.  E.  Anderson,  master  mechanic  of  the  Chicago,  Rock 
Island  &  Pacific  at  Goodland,  Kansas,  has  resigned. 


Mr.  W.  I).  Watkins  has  been  promoted  from  the  position  of 
traveling  cnyineer  on  the  Illinois  Central  to  that  of  ma.stcr 
mechanic,  with  headquarters  at  Water  Valley,  Miss.,  succeeding 
Mr.  J.  F.  Price,  resigned.    . 


Mr.  R.  M.  Crown  has  been  appointed  superintendent  of  mo- 
tive power  of  the  Warren  &  Corsicana  Pacific,  with  office  at 
Warren,  Texas. 


Mr.  Charles  H.  Hines  has  been  appointed  electrical  engineer 
of  the  Canadian  Pacific  Railway,  with  office  in  Montreal.  He 
has  general  charge  of  the  electrical  works,  such  as  lighting 
and  power,  for  the  entire  road. 


Mr.  Charles  A.  Goodnow,  who  recently  resigned  as  general 
manager  of  the  Chicago,  Rock  Island  &  Pacific,  has  been  ap- 
pointed general  manager  of  the  Chicago  &  Alton.  Mr.  James  H. 
Barrett,  general  superintendent  of  the  latter  company,  has 
resigned. 


Mr.  Philip  Reeves,  heretofore  general  foreman  of  the  Balti- 
more &  Ohio  Southwestern,  at  Chillicothe,  O.,  has  been  ap- 
pointed master  mechanic  at  that  point  to  succeed  Mr.  F.  J. 
Smith,  who  has  been  transferred  to  Washington,  Ind.,  in  the 
same  capacity. 


Mr.  J.  G.  Neuffer  has  accepted  the  position  of  assistant 
superintendent  of  machinery  of  the  Illinois  Central  Railroad, 
with  office  in  Chicago.  He  has  resigned  as  superintendent  of 
motive  power  of  the  Baltimore  &  Ohio  Southwestern  after 
having  been  connected  with  that  road  for  30  years. 


Mr.  L.  H.  Turner,  superintendent  of  motive  power  of  the 
Pittsburgh  &  Lake  Erie  was  chosen  as  president  of  the  Railway 
Club  of  Pittsburgh,  at  its  recent  meeting,  and  Mr.  F.  T.  Hynd- 
man,  master  mechanic  of  the  Buffalo,  Rochester  &  Pittsburgh 
at  Du  Bois,  Pa.,  was  elected  vice-president.  Mr.  J.  D.  Mcll- 
wain  was-  re-elected  as  treasurer. 


Mr.  Elliot  Sumner  has  been  appointed  assistant  engineer  of 
motive  power  of  che  Psunsylvania  R.  R.,  at  Altoona,  Pa.,  suc- 
ceeding to  the  position  recently  made  vacant  by  the  transfer 
of  Mr.  I.  B.  Thomas  to  Pittsburgh,  Pa.,  as  master  mechanic. 
Mr.  Sumner  heretofore  has  held  the  position  as  assistant  en- 
gineer of  motive  power  at  Buffalo,  X.  Y. 


Mr.  John  Hair  has  been  promoted  from  the  position  of  master 
mechanic  of  the  Baltimore  &  Ohio  Southwestern  at  Washing- 
ton, Ind.,  to  succeed  Mr.  J.  G.  Neuffer  as  superintendent  of 
motive  power,  with  headquarters  at  Cincinnati,  Ohio.  Mr. 
Hair  is  succeeded  at  Washington,  Ind.,  by  Mr.  F.  J.  Smith, 
master  mechanic  at  Chillicothe,  Ohio,  and  Mr.  Smith  is  suc- 
ceeded at  that  point  by  Mr.  Philip  Reeves,  general  foreman. 


Mr.  P.  H.  McGuire  has  been  appointed  master  mechanic  of 
the  Great  Northern,  with  headquarters  at  Superior,  Wis.,  suc- 
ceeding Mr.  G.  A.  Bruce. 


Mr.  A.  L.  Robinson  has  been  appointed  master  mechanic  of 
the  St.  Louis-Louisville  lines  of  the  Southern  Ry..  with  head- 
quarters at  Princeton,  Ind. 


Mr.  Clarence  P.  Day  has  accepted  the  position  of  manager 
of  the  eastern  business  interests  of  The  Railway  and  Engineer- 
ing Revieiv  of  Chicago,  with  headquarters  at  140  Nassau  street. 
New  York.  His  many  friends  will  be  pleased  to  know  that  he 
has  returned  to  this  field  in  which  he  has  spent  so  many 
years  and  in  which  he  has  been  so  successful.  Mr.  Day  will 
have  charge  of  all  of  the  territory  east  of  Pittsburgh. 
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ERECTING    AND    MACIITNE    SlUM". 


Ill  this  article  the  details  of  building  construction  for  the 
comliined  locomotive  and  erecting  shop  building  will  be  pre- 
sented. An  excellent  idea  may  be  gained  of  the  proportions 
of  this  building  by  reference  to  the  exterior  and  interior  views, 
which  are  reproduced  in  the  accompanying  engravings.  The 
exterior  view,  the  photo  for  which  was  talien  from  the  bluff 
at  the  rear  of  the  shops,  well  illustrates  the  attractive  archi- 
tectural result  from  the  brickwork  enclosure  of  the  steel  work 
and  from  the  carefully  designed  cornice,  as  well  as  aiso  the 
excellent  provision  for  daylight  lighting.  The  entire  building, 
both  erecting  and  machine  shop  portions,  present  a  most  sym- 
metrical and  pleasing  appearance. 

j.ne  building  is  of  the  modern   steel-skeleton   construction. 
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with  18  in.  walls  and  brickwork  pilasters  between  the  windows, 
onclosing  the  frame  columns  of  the  building.  The  brickwork 
of  the  building  is  tied  to  the  steel,  but  is  otbcrwisc  entirely 
independent.     The  foundations  are  of  concrete  throughout. 

The  building  is  of  great  length,  .533  ft.  long,  and  is  divided 
into  three  bays  by  the  longitudinal  rows  of  columns,  as  shown 
in  the  plan  view.  The  erecting  shop,  which  occupies  the  bay 
at  the  south  side  of  the  building,  is  68  ft.  9  in.  wide;  the  ma- 
chine shop  occupies  the  two  other  bays  on  the  north  side,  one 
49  ft.  5  in.,  aud  otlier  49  ft.  11.  in.  The  steel  columns  are  sym- 
metrically placed  throughout  the  building,  the  spacing  being 
in  all  cases  22  ft.  between  centers,  except  at  the  extreme  east 
and  west  ends  of  the  building,  where  it  is  22  ft.  9  in.  The  dis- 
tances between  erecting  shop  pit  centers  is  22  ft.  in  each  case. 
The  steel  work  for  this  building  was  designed  by  Mr.  Albert 
Lucius,  of  New  York,  and  was  erected  by  the  McClintock-Mar- 
shall  Construction  Company,  Pittsburgh,  Pa. 

THE   STKBL   WORK. 

The  substantial  character  of  the  steel  work  in  the  framing 
may  be  judged  from  the  interior  views  as  well  as  from  the 
cross-section.  The  general  plan  of  the  steel  work  aud  its  longi- 
tudinal bracing  is  similar  to  that  made  use  of  in  the  locomotive 
shop  building  at  the  Collinwood  shops  of  the  Lake  Shore  & 
iVlichigan  Southern,  (see  page  366,  December,  1902).  Longi- 
tudinal bracing  is  provided  between  columns  in  alternate  bays, 
with  expansion  bays  between,  like  a  trestle. 

Construction  was  greatly  simplified  by  using  columns  ex- 
actly alike  in  the  longitudinal  rows.  The  columns  were  in 
all  cases  designed  to  support  not  only  the  brickwork  and  roof, 
but  also  the  crane  runways  and  without  extra  complication  to 


provide  for  the  latter.    The  roliimnB.  in  this  building,  however, 
are  in  no  case  filled  with  concrete  inside. 

Kxtra  heavy  steel  was  provided  for  the  cranes.  The  run- 
ways for  the  120-ton  crane  in  the  erecting  shop  are  5  ft.  plate 
girders,  and  are  located  65  ft.  between  centers;  those  tor  the 
10-ton  crane  are  2'/j  ft.  plate  girders,  with  a  62  ft.  span  be- 
tween centers.  The  runways  for  the  7%-ton  crane  in  the 
heavy  tool  section  of  the  machine  shop  are  2  ft.  plate  girders, 
located  with  a  crane  span  of  46  ft.  3  in.  l)etween  centers.  For 
the  120-ton  crane  a  rail  weighing  100  lbs.  to  the  yard  was 
used,  while  for  the  smaller  cranes  a  60-lb.  rail  wa«  used.  Par- 
ticularly heavy  construction  wa.s  used  to  amply  provide  for 
the  heavy  rolling  loads  to  be  imposed  by  the  cranes. 

THE  FLOOR. 

The  details  of  the  method  of  floor  construction  used  are 
well  illustrated  in  the  sectional  detail  included  in  the  cross- 
section  view.  The  entire  floor  of  the  building  has  a  base  of 
concrete,  4  in.  thick.  This  is  covered  with  five  layers  of  felt. 
which  are  laid  saturated  with  asphalt,  for  waterproofing.  The 
floor  stringers  are  laid  above  this,  bedded  in  well  dried  sand, 
to  carry  the  siib-fioor;  the  sub-floor  is  of  2%  in.  yellow  pine. 
while  the  top  floor  is  1  Vk  in.  tongued  and  grooved  maple.  The 
concrete  used  in  this  floor  is  composed  of  American  Portland 
cement,  sand  and  stone  in  the  proportions  of  one,  five  and 
eight. 

This  construction  is  one  of  the  most  important  features  of 
the  entire  shop,  as  it  has  produced  a  floor  capable  of  carrying 
machine  loads  limited  only  by  the  crushing  strength  of  the 
maple  of  the  top  floor.  As  a  result  most  of  the  ma<hines.  that 
do  not   require  space  below   the  floor  surface,   are  placed  on 


ELEVATION  OF  EAST  END,  AND  PARTIAL  ELEVATION  OF  NORTH   SIDE.  OF  THE   MACHINE  AlfD  ERECTING   SHOP   BUTLDING. 


VIEW   OF  THE  M.ACIII.NE  AND  EKECTINo   .^llur  liUILDlNG   FBOXI   THE  HILL   AT  THE  WEST  SIDE  OF  THE   SUUIS.   SUOWIM 
SAW  TOOTH  WIDOWS  AND  SYMMETRICAL  IJNES  OF  CORNICE  AND  FINISH  OF  BUILDING. 
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I.NTERIOR  VIEW   IN    tHEL'TINli   SHOP,   SHOWING   120-TON  CEANE  LIFTING  A  liulLLH. 

CONSTRUCTION. 


■SHUWING  ALSO  HEAVV  CHARACTER  OF  STEEL 


and  attached  to  the  floor  without  special  foundations — thus 
malving  it  practicable  for  the  arrangement  of  the  machines  to 
be  changed  at  will. 

Another  important  feature  of  this  floor  construction  is  the 
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CROSS-SECTION  SHOWING  DETAILS  OF  ERECTING  PIT  CONSTRUCTION. 

provision  of  wire  boxes,  as  indicated  in  the  sectional  detail. 
In  every  third  space  between  the  stringers,  which  run  cross- 
wise of  the  building,  the  sand  filling  is  withheld  and  kept 
out  by  stops  of  %  in.  board,  which  are  merely  nailed  against 
the  stringer  on  each  side  of  the  space  as  shown,  and  extend 
from  the  felt  up  to  the  sub-floor.  This  forms  an  open  channel, 
or  duct,  which  runs  entirely  across  the  building  and  provides 
a  most  excellent  method  for  running  power  and  light  wires,  in 
pipe  conduits  from  the  main  wire  tunnel  or  trench  running 
longitudinally  through  the  shop,  to  the  various  tools  upon 
wnich  electric  motors  are  used.  The  arrangement  of  these 
wire  boxes  in  the  vicinity  of  the  pits  is  shown  in  the  plan 
drawing;  there  are  four  to  each  bay  and  they  extend  from  the 
north  wall  across  the  wire  trench  to  a  point  opposite  the  middle 
of  the  erecting  pits,  or  up  to  the  erecting  pit  tracks  where  they 
are  in  the  way.  The  use  of  these  wire  boxes  will  be  referred 
to  in  another  article. 

THE  ROOF. 

The  details  of  the  roof  steel  work  are  well  shown  in  the 
cross-section  view  and  also  in  the  detail  drawing  of  the  saw- 
tooth construction,  which  is  used  above  the  machine  shop  sec- 


tion of  the  building.  In  the  erecting  shop  small  columns  are 
carried  up  from  the  crane  columns,  ending  in  large  gusset 
plates,  which  support  the  roof  trusses  and  also  serve  to  provide 
cross  bracing.  The  details  of  the  saw-tooth  construction  are 
made  clear  in  the  en^aving.  which  shows  a  cross-section 
through  the  saw-tooth  windows  at  the  quarter  points  of  the 
machine  shop  roof. 

The  roof  consists  of  a  base  of  1%-inch  tongued  and  grooved 
boards,  upon  both  erecting  and  machine  shop  sections,  and  upon 
this  is  laid  the  roofing  felt.  The  felt  is  laid  heavily  saturated 
in  asphalt.  Considerable  anxiety  was  experienced  in  regard  to 
obtaining  a  suitable  roofing  material  for  covering  the  saw-tooth 
section  of  the  roof — particularly  the  trench  portion,  as  it  had 
been  thought  desirable  to  make  it  waterproof  for  at  least  one 
foot  above  the  bottom  to  take  care  of  snow  and  water.  As  one 
side  of  this  trench  is  vertical,  the  conditions  will  be  appreciated 
as  being  unusually  severe  for  asphalt  roof  construction.  The 
roofing  material  has.  however,  been  put  in  place,  meeting  the 
above  conditions,  by  the  Eastern  Granite  Roofing  Company  of 
New  York,  under  an  absolute  guarantee  for  ten  years. 

Inside  drainage  is  made  use  of  throughout,  to  eliminate  the 
possibility  of  backing  up  of  water  due  to  conductor  pipes  freez- 
ing. The  conductor  pipes,  which  are  5  inches  in  diameter,  for 
the  erecting  shop  section,  lead  from  the  fiashing  boxes  to  the 
longitudinal  discharge  pipes,  of  which  there  is  one,  8  inches  in 
diameter,  carried  along  under  each  side  of  the  root,  and  sup- 
ported by  the  roof  steel  work,  as  shown  in  the  cross-section. 
For  the  machine  shop,  4-inch  conductors  lead  from  the  flashing 
boxes  to  a  5-inch  vertical  discharge  pipe,  one  of  which  is  ar- 
ranged alongside  of  every  other  column  of  the  middle  row,  ex- 
tending through  the  shop.  There  are  12  "low,"  or  drainage 
spots  in  the  roof  construction,  which  amply  provide  for  the 
drainage. 

No  direct  ventilation  is  provided  in  the  erecting  portion, 
but  the  machine  shop  has  excellent  provision  for  ventilation 
in  the  saw-tooth  windows.  These  are  arranged  to  be  operated 
in  sections,  of  which  there  are  eight  to  each  saw-tooth,  from  the 
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floor  of  the  shop  by  hand  wheels,  the  mechanism  for  which  is 
indicated  in  the  saw-tooth  sectional  detail.  Special  provision 
is  made  for  ventilating  the  water  closets,  which  are  located 
within  the  shop  building,  bnt  the  details  pf  the  latter  will 
appear  later  in  connection  with  the  lavatories  and  heating 
system. 

OENERAI.. 

The  constructional  details  of  the  erecting  pits  are  indi- 
cated in  a  cross-sectional  detail  drawing.  The  side  walls  are 
of  massive  concrete  construction  and  are  surmounted  l>y  a 
%  by  12  in.  plate,  34  ft.  long,  on  each  side  to  provide  bearing 
for  the  rails.  A  3  by  3  by  %  in.  angle,  riveted  to  the  outer 
edge,  protects  the  outer  corner  of  each  concrete  side  wall,  as 
shown.  The  plate  is  anchored  to  the  walls  by  %  by  16  in. 
anchor  bolts,  which  are  spaced  «  ft.  4  in.  apart,  and  the  rails 


VIEW  OF  THE    .\l.\cm.NE  SHOI'  ROOF,    SHOWING    S.VW-TOOTH   WINDOWS. 


Conductor  Pipe 


Section  A-B. 

HOKIZONTAl  SECTION  THEOUGH  SAW-TOOTH  WINDOWS,  A>"I)  VEBTICAL 
SECTIOK,   A-U,    SHOWING    SAW-TOOTH   COKSTBUCTION. 


INTERIOR  VIEW  OF  THE   MACHINE  SHOP,   SHOWING   DAYLIGHT  LIGHTING    EFFECT  FROM   THE   SAW-TOOTH  WINDOWS. 
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are  tied  to  this  plate  by  special  angle  fittings,  riveted  to  the 
plate  and  raised,  so  as  to  easily  bolt  to  the  rail. 

Each  pit  is  furnished  with  connections  for  compressed  air, 
cold  water  at  80  lbs.  and,  by  a  simple  patented  device,  with 
water  at  about  200  degrees  P.  temperature,  under  a  pressure  of 
100  lbs.  per  square  inch,  which  latter  connection  is  manifolded 


with  a  hydraulic  pressure  line.  The  manifold  connection 
makes  it  possible  to  fill  boilers  on  the  erecting  pits  with  hot 
water  and  then  test  them  to  any  desired  pressure  up  to  300 
lbs.  per  sq.  in.,  and  this  is  accomplished  by  the  use  of  only  one 
connection  with  the  boiler. 

An  interesting  detail  of  the  shop  construction  is  to  be  seen 
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in  the  details  of  the  partitions  used  for  enclosing  the  tool 
room,  and  the  tin  shop  and  air  brake  repair  departments  in  the 
machine  shop  (see  the  plan  drawing).  The  partitions  used 
consist  of  woven-wire  screen,  supported  upon  angle-iron  posts 
and  frame  work,  the  details  of  which  are  indicated  in  the 
small  detail  sketch  inserted  on  the  plan  drawing.  The  doors 
leading  through  these  partitions  are  also  of  similar  construc- 
tion, making  the  entire  partition  work  absolutely  fireproof,  as 
well  as  of  the  most  approved  sanitary  construction. 


FOUR-CYLINDER    COMPOUND    LOCOMOTIVES. 


BV  AiFBED  G.  DE  GlEHN. 


This  subject  is  increasing  in  importance  because  the  4-cyl- 
inder  compound  stands  for  an  effort  to  increase  the  efficiency 
of  locomotives.  This  journal  is  indebted  to  The  Engineer, 
London,  for  this  able  article  by  Mr.  de  Glehn. 


NEW  PASSENGER  LOCOMOTIVES. 


4-4-2    (ATLANTIC)    TYPE. 


CHICAliO   *   ALTON  R.\TLWAT. 


The  Baldwin  Locomotive  Works  have  delivered  new  pas- 
senger locomotives  to  the  Chicago  &  Alton  Railway  to  be  used 
in  the  expected  heavy  passenger  service  between  Chicago  and 
St.  Louis  in  connection  with  the  approaching  exposition.  These 
locomotives  should  admirably  supplement  the  very  large  4-6-2 
type  engines  by  the  same  builders,  which  were  described  on 


So  much  has  been  written  on  compound  locomotives  in 
general,  and  on  4-cylinder  compounds  in  particular,  that 
I  fear  that  the  following  note  on  the  subject  will  contain 
nothing  that  is  new.  My  only  excuse  for  writing  on  the 
matter  is  that  I  have  been  for  the  last  fifteen  years  In  a  posi- 
tion to  have  had  exceptional  opportunities  for  watching 
and  helping  in  the  evolution  of  the  type  of  engine  which 
has  been  too  exclusively  associated  with  my  name.  It  is 
true  that  the  4-cylindpr  compound  bearing  the  Northern  of 
France  Company's  No.   701,  which  was  the  starting  point  of 


IfEAVV  NEW  PASSENGER  LOCO.\tOTIVE — 4-4-2  TYPE    (ATLANTIC). — CTIICACI)   &   ALTON   RAILWAY. 

Baldwin  Locomotiiw  Works.  Builders. 


page  87  of  the  March  number  of  this  journal.     The  principle 
characteristics  of  the  new  4-4-2  type  are  as  follows: 

4 4 2    TYPE    PASSENGER   LOCOMOTrVE,    CHICAGO    &    ALTON    RAILWAY. 

Ratios. 

Heating  surface  to  cylinder  volumes =  321.9 

Tractive  weight  to   heating   surface =    31.9 

Tractive  weight  to  tractive  effort =      4.35 

Tractive  effort  X  diameter  of  drivers,  to  heating  surface =  586. 

Heating  surface  to  tractive  effort,  per  cent =    13.65 

Total  weight  to  heating  surface —    56.6 

Gauge   4  ft.   8 14    ins. 

Cylinder   20  x  28  ins. 

Valve Balanced  piston 

Boiler — Type    Straight ;   Material,  steel 

Diameter    , 70   ins. 

Thickness  of  sheets .- %    ins. 

Working  pressure   200  lbs. 

Fuel    Soft   coal 

Firebox — Material    Steel 

Length    108%   Ins. 

Width   72 Vi   ins. 

Depth Front,  71%   ins. ;    back,  57%   ins. 

Thickness  of  sheets : 

Sides,  %  in. :    back,  %  in. ;    crown,  %  in. ;    tube,   %   In. 

Water  space Front.  4%  ins. ;    sides,  3'^  ins. ;    back,  3%   ins. 

Tubes — Material   Iron  ;    wire  gauge  No.  11 

Number  and  Diamet»r 326 ;  2  >4    ins. 

Length    16   ft. 

Heating   Surface — Firebox    191.2  sq.  ft. 

Tubes     3.056  sq.  ft. 

Total 3.247.2  sq.  ft. 

Grate  area    54.2  sq.  ft. 

Driving  Wheels — Diameter  outside 80   ins. 

Diameter  of  center 73   ins. 

Journals   10  x  12  ins. 

Engine  Truck  Wheels   (Front) — Diameter 36  ins. 

Journals   6%   X'  12%   Ins. 

Trailing  Wheels — Diameter 48  ins. 

Journals   8  x  12  ins. 

Wheel  Base — Driving   7  ft.  8  Ins. 

Rigid   15  ft.  8  ins. 

Total  engine 27   ft. 

Total  engine  and  tender 56  ft.  3%   Ins. 

Weight — On  driving  wheels 103.690  lbs. 

On  truck    (front)    40,130  lbs. 

On  trailing  wheels    40,000  lbs. 

Total   engine    183.820  lbs. 

Total  engine  and  tender  (about) 340.000  lbs. 

Tank — Capacity   8,400  gals. 

Tender — Wheels — Number 8 

Diameter 36  ins. 


the  /type  which  I  should  wish  to  consider  in  the  following 
note,  was  designed  by  me,  but  in  the  subsequent  development 
of  the  engine  I  wish  it  to  be  clearly  known  that  a  very  large 
part  has  been  played  by  the  Northern  of  Prance  Company 
and  the  distinguished  and  liberal-minded  engineers  who  have 
had  charge  of  the  rolling  stock,  and  foremost  among  these, 
to  mention  their  present  well-known  locomotive  superintend- 
ent. Mens.  Du  Bousquet. 

It  is  needless  to  go  over  old  ground  and  to  describe  the 
successive  developments  of  the  type,  and  I  will  in  the  fol- 
lowing confine  myself  to  a  general  description  of  the  engine 
as  we  are  building  it  now,  and  to  an  examination  of  the  rea- 
sons that  have  conduced  to  its  extended  use  on  the  Continent. 
That  the  system  does  present  marked  advantages,  in  spite  of 
its  so-called  complication,  would  seem  to  be  conclusively  proved 
by  the  fact  that  1,500  locomotives  of  this  type  are  at  present 
either  running  or  building  and  that  their  number  is  extending 
daily,  not  only  in  France,  but  on  the  Continent  generally. 

Whether  the  engine  be  a  4,  6,  or  S-coupled  one,  the  genera! 
principle  subsists,  namely  (1)  that  the  high-pressure  cylinders 
drive  one  axle,  and  the  low-pressure  cylinders  another,  the 
coupling  rods  between  tnese  two  driving  axles  having  hardly 
any  other  function  than  to  maintain  the  proper  relative  posi- 
tions of  the  crank  pins;  (2)  that  for  each  pair  of  cylinders 
there  is  a  complete  valve  gear  as  usual,  with  the  usual  weigh- 
shaft;  these  two  weigh-shafts  being  worked  at  will,  either  to- 
gether or  separately  by  the  usual  reversing  wheel,  which  sets  in 
motion  a  screw  in  two  halves,  on  each  of  which  is  a  nut  con- 
nected by  a  weigh  bar  with  one  of  the  weigh-shafts;  (3)  that 
by  means  of  a  special  valve  placed  between  the  high-pressure 
exhaust  and  the  low-pressure  steam  chest  the  high-pressure 
exhaust  can  pass  directly  to  the  main  exhaust,  which,  with 
the    simultaneous  admission  of  live  steam  to  the  low-pressure 
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cylinders,  results  in  converting  the  engine  for  the  time  Into 
what  may  be  termed  two  simple  engines.  The  advantages  re- 
sulting from  these  arrangements  have  been  often  set  forth: 

Division  of  stresses. — ^With  the  increasing  power  required 
tor  locomotives,  it  becomes  more  and  more  difficult,  as  every 
designer  knows,  to  give  sufficient  wearing  surfaces  to  the  dif- 
ferent parts  for  the  transverse  dimensions  of  the  engine  to  re- 
main limited,  and  thus  the  length  of  the  wearing  surfaces  is 
limited  also.  With  the  system  under  consideration  there  is  an 
outside-cylinder  engine  and  an  inside-cylinder  engine,  each  do- 
ing about  half  the  total  work.  For  each  half  of  this  work  there 
is,  therefore,  the  space  usually  available  in  an  outside  or  in- 
side-cylinder engine  having  to  do  the  whole  work.  The  mo- 
tion parts  can  therefore  be  made  very  light,  and  yet  with 
very  large  wearing  surfaces.  The  two  low-pressure  cylinders 
which  are  inside  the  frames,  save  in  exceptional  cases,  drive 
the  crank  axle;  and,  as  in  normal  running,  the  low-pressure 
cylinders  do  somewhat  less  than  half  the  total  work,  the 
crank  axle,  in  so  far  as  its  fatigue  comes  from  the  steam  en- 
gine proper,  is  relieved  of  more  than  half  that  which  it  has 
to  bear  in  an  ordinary  engine.  The  division  of  the  stress 
is  carried  through  to  the  valve  gear,  and  this  has  been  fre- 
quently criticised  as  a  ne3dless  complication.  If  we  are 
willing  to  sacrifice  a  good  deal  of  economy  in  steam  to  more 
or  less  apparent  simplification,  we  can,  as  has  been  recently 
done  in  America,  place  the  four  cylinders  one  by  the  side 
of  the  other  and  distribute  the  steam  by  two  piston  valves, 
one  on  each  side,  thus  having  only  two  valve  gears.  This 
arrangement  entails,  in  most  cases,  either  connecting  all  four 
cylinders  to  the  crank  axle,  thus  giving  it  all  the  work  to  do, 
which  seems  a  pity;  or  inconveniently  short  inside  and  in- 
conveniently long  outside  rods.  The  cylinder  casting  becomes 
extremely  complicated.  The  piston  valve  if  tight  is  heavy  to 
move,  and  therefore,  fatiguing  for  the  gear;  or,  if  easy  to 
move,  is  not  tight,  and,  besides,  passes  alternately  high  and 
low-pressure  steam — that  is,  of  very  different  temperatures 
— and  is  therefore  a  source  of  loss,  and,  last  but  not  least,  till 
tne  ideal  compressible  piston  valve  be  found,  entails  relief 
valves  on  all  the  four  cylinders.  The  losses  by  these  valves  and 
their  rapid  wear  are  but  too  well  known. 

Von  Borries  has  lately  tried  an  arrangement  in  which  the 
four  cylinders,  each  with  separate .  steam  chest  and  valve, 
are  placed  one  by  the  side  of  the  other,  all  four  cylinders 
driving  one  axle — the  crank  axle.  There  are  two  valve  gears, 
one  on  each  side,  actuating  the  high  and  low  pressure  on 
that  side  by  means  of  a  rocking  shaft  arrangement  giving  a 
varying,  but  definitely  varying,  ratio  of  expansion  in  these 
two  cylinders.  The  simplification  is  more  apparent  than  real, 
and  here  again  more  stress  is  put  on  the  crank  axle  and  the 
valve  gear  than  seems  advisable  with  the  continually  increas- 
ing power  of  modern  locomotives. 

The  only  obection  that  can  be  made  to  the  four  valve 
gears  is  the  slightly  increased  first  cost  of  the  engine,  and 
this  is  most  certainly  compensated  by  their  reduced  wear, 
increased  security  against  breakdowns,  and  the  adaptability 
they  allow  to  the  varying  running  conditions. 

Leaving  now  this  peculiarity  of  the  system,  that  the  division 
of  the  total  work  to  be  done  is  carried  throughout  the  engine, 
not  only  as  far  as  the  axles  and  propelling  gear  are  concerned, 
but  also  to  the  valve  gear,  I  come  to  the  next  point: 

Balancing  of  the  revolving  and  reciprociting  parts. — Here, 
again,  this  question  becomes  of  more  and  more  importanre  and 
difficulty  owing  to  the  immense  Increase  in  the  power  of  modern 
engines,  and  the  ensuing  great  weight  of  all  its  parts.  In 
goods  engines  the  comparatively  small  wheels  make  the  plac- 
ing of  adequate  balance  weights  extremely  difficult,  and  for  the 
very  fast  running  now  required  from  express  engines  a  correct 
balance  becomes  more  and  more  indispensable  for  security, 
while  it  is  more  and  more  difficult  with  ordinary  engines  to 
keep  the  variations  between  maximum  and  minimum  pres- 
sures of  the   wheels   on   the   rails  within   reasonable  bounds. 

In  the  system  under  discussion  the  need  for  using  revolving 
weights  for  the  purpose  is  done  away  with.  The  low-pressure 
cylinders  are,  save  in  exceptional  cases.  Inside  the  frames. 
The  weights  of  the  reciprocating  parts  of  the  low-pressure 


engine,  as  it  may  bo  called,  are  greater  than  the  corresponding 
parts  of  the  high-pressure  engine  which  lie  outside  the  frames; 
but  as  the  transverse  distance  between  their  planes  of  move- 
ment is  at  the  same  time  less  than  that  between  the  planes  of 
movement  of  the  outside  lying  parts,  their  moments  may  be 
made  to  be  very  nearly  equal,  and  thus  the  need  for  weights 
to  balance  the  reciprocating  parts  is  done  away  with.  There 
remains,  then,  no  difficulty  in  providing  for  the  balancing  of  the 
revolving  weights,  each  pair  of  wheels  having  Its  proper 
balance.  It  will  be  seen  from  the  foregoing  that,  in  four- 
coupled  express  engines  on  this  system  the  coupling  rods  are 
relieved  of  all  stresses,  except  those  necessary  to  keep  the  two 
driving  axles  in  their  proper  relative  position,  and  to  transmit 
Ciom  rear  to  front  axle  the  slight  excess  of  the  work  done  by 
the  high-pressure  over  that  by  the  low-pressure  cylinders. 

In  electric  motor-driven  vehicles  the  adhesive  weight  Is,  as 
is  well  known,  better  utilized  than  in  ordinary  two-crank  en- 
gines, owing  to  the  uniformity  of  the  turning  moments.  In 
the  engines  that  I  am  describing  with  the  four  cranks  set  at 
ItU  deg,,  the  turning  moments  are,  of  course,  much  more  uni- 
form than  in  ordinary  engines,  and  approximate  practically 
very  closely  to  the  results  obtained  by  a  motor  drive.  Another 
advantage  of  the  four  cranks  is  the  ease  and  certainty  in 
starting,  and  this  is  further  enhanced  by  the  intercepting 
valve,  which  enables  the  driver  to  work  each  pair  of  cylinders 
with  direct  exhaust  and  live  steam  from  the  boiler,  thus  in 
creasing  by  about  25  per  cent,  the  tractive  power  of  the  en- 
gine, which  can  thus  start  with  more  certainty,  and  get  up 
speed  more  quickly,  than  an  ordinary  engine. 

I  come  now  to  the  question  of  water  and  fuel  economy.  Of 
the  economy  there  is,  of  course,  no  doubt;  it  is  its  amount 
concerning  which  no  general  assertion  can  be  made  owing  to 
the  widely  varying  conditions  of  locomotive  work  and  the  diffi- 
culties of  getting  really  proper  terms  of  comparison.  It 
suffices  to  say  that  it  may  be  taken  as  roughly  10  to  12  per 
cent,  all  round.  This,  calculated  as  money  saved  per  year 
and  per  engine,  will  not  appear  a  large  sum.  and  would  most 
certainly  not  justify  much  increase  in  first  cost,  in  repairs 
and  in  liability  to  break  down — in  a  word,  what  is  generally 
meant  when  the  word  "complication"  is  used.  Nor  would  it 
compensate  for  increased  difficulty  in  starting  or  unsteadiness 
in  running.  But  with  compounding  under  this  form  we  get 
the  economy,  and  an  improvement  under  all  the  other  heads. 
The  truth  of  this  statement  will  probably  be  now  generally 
admitted,  except,  perhaps,  as  regards  the  first  cost,  but  it  can 
be  proved  that  per  horse-power  this  type  of  engine  can  be 
made  as  cheaply,  if  not  more  cheaply,  than  an  ordinary  engine. 
One  drawback  must  be  mentioned,  as  I  wish  to  be  perfectly 
fair.  There  is,  in  some  cases,  an  increase  in  oil  consumption, 
this  being  due  to  the  increased  number  of  parts,  each  oil  hole 
using  a  certain  quantity  of  oil  usefully  and  a  certain  quantity 
being  wasted. .  The  oil  used  usefully  will  be  proportional  to 
work  done,  approximately;  the  waste  will  not,  and  this  will 
figure  against  the  system. 

It  has  frequently  been  said  that  it  is  not  in  the  system  that 
the  advantages  claimed  lie,  but  in  the  high  pressures  used. 
These  high  pressures  most  certainly  do  play  a  very  important 
part;  but  it  is  the  system,  in  a  great  measure,  that  has  enabled 
us  to  use  these  high  pressures  without  their  entailing  too 
much  trouble  with  slide  valves,  etc.,  and  I  may  further  state 
that  the  first  four-cylinder  compound  built  in  1885  for  the 
Northern  of  France  had  only  157  lb.  pressure,  and  is  still  as 
economical  in  fuel  as  the  later  types  with  pressures  of  228  lb. 

I  have  tried  to  show  as  plainly  and  fairly  as  possible  the 
advantages  of  the  system,  and  would  merely  wish  to  add  that 
it  has  enabled  us  to  do,  on  the  Continent,  work  for  which  in 
America  recourse  has  been  had  to  enormously  heavier  engines. 
What  economy  would  result  as  regards  permanent-ways, 
bridges,  round  houses  and  plant  in  general,  from  using  for  the 
same  work  to  be  done,  properly  balanced,  divided  compound 
engines  as  well  for  goods  as  for  passenger  traffic,  in  the  place 
of  imperfectly  balanced  engines  some  20  per  cent,  heavier 
and  larger,  it  would  be  difficult  to  estimate,  but  an  attempt 
to  do  so  would  show  pretty  clearly  a  very  good  case  for  the 
divided  balanced  compound  four-cylinder  engine. 
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MOTOR-DRIVEN  MACHINE  TOOLS. 


Intekesting  Applications  or  Electhic  DRmNO  to  Milling  Ma- 
chines. 


{Continued  from  page  424.) 


In  this  article  are  presented  further  examples  of  the  ap- 
plication of  motor-driving  to  milling  machines.  Considerable 
attention  has  been  paid  to  the  subject  of  equipping  milling 
machines  electrically,  as  particularly  adapted  to  individual 
driving,  on  account  of  the  varied  classes  of  machining  service 
usually  handled.  Much  has  been  learned  in  this  important  sub- 
ject by  the  equipment  of  this  class  of  machine  tools  with 
motors,  and  special  attention  should  be  given  to  the  following 
examples: 

The  Becker-Brainard  Milling  Machine  uo.,  Hyde  Park.  Mass., 


a  drive  that  the  bulk  of  the  motor  applied  at  this  point  will 
render  the  machine  top-heavy;  but  the  appearance  o£  this  ap- 
plication tends  to  prove  the  contrary.  The  effect  given  by  this 
design  is  that  of  a  neat  and  compact  design,  with  little  extra 
space  occupied  by  the  motor.  An  important  feature  of  this 
method  is  that  a  standard  machine  may  be  thus  equipped  with- 
out alterations  other  than  that  of  applying  the  necessary 
brackets  for  the  motor  and  the  small  countershaft. 

Fig.  7  illustrates  a  method  of  applying  a  motor  drive  to  the 
No.  6  vertical  Becker-Brainard  milling  machine,  as  arranged 
for  use  with  a  constant-speed  motor.  The  motor  is  in  this 
case,  mounted  on  a  heavy  cast-iron  bracket,  fastened  to  back 
of  column  and  securely  braced.  The  driving  connection  is 
made  to  the  spindle  through  belt  and  gearing,  and  then  a  belt 
and  three-step-cone  drive,  as  in  the  regular  machine.  This 
arrangement  Is  found  to  give  a  very  powerful  drive,  and  it 
makes  a  compact  equipment.     Ov?ing  to  the  massive  and  solid 


fig.  6, 


— SIDE   UKAOKET   drive   for   a   plain    milling    machine.         fig.   7. — BACK  BRVCKET  DRIVE  FOR  A  VERTICAL   .MILLING 

MOTOR-DRIVEN  MILLING  MACHINES.BECKER-BRAINARD  MILLING  MACHINE  COMPANY. 


M.\CIIINE. 


have  devoted  particular  attention  to  this  subject  both  for  their 
plain  and  universal  and  for  their  well-known  vertical  type  of 
millers.  Supplementary  to  the  photo  of  their  motor-driven 
universal  miller,  which  was  reproduced  on  page  423  of  the 
preceding  article,  we  show,  in  Figs.  6,  7  and  8,  drawings  of 
motor  drive  arrangements  as  applied  to  their  No.  3  plain  miller 
and  to  their  No.  6  vertical  millers.  These  drives  are  con- 
veniently and  neatly  arranged  and  undoubtedly  represent  the 
i)est  practice  in  this  line. 

Fig.  6  illustrates  the  arrangement  used  by  the  Becker-Brain- 
ard Company  in  equipping  their  No.  3  new  model  plain  milling 
machine  for  motor  driving.  The  motor  is  mounted  upon  a 
neat,  strong  cast  iron  bracket  which  is  bolted  to  the  side  of 
column,  and  connection  is  made  by  belt  to  a  counter-shaft 
supported  by  a  bracket  at  the  top  of  the  column;  From  this 
shaft  a  belt  drive  is  made  to  the  main  spindle  using  the  ordin- 
ary four  step  cone.  This  style  of  drive  can  be  used  with 
either  a  constant-speed  or  a  variable-speed  motor.  With  a  con- 
stant-speed motor  it  allows  a  range  of  speeds  sufficient  for  or- 
dinary manufacturing  purposes,  while  with  a  variable-speed 
motor  it  provides  the  much  greater  range  of  speeds  that  is 
desirable  for  special  work. 

The  objection  has  been  made  to  this  method  of  arranging 


design  of  the  frame  of  this  tool,  no  effect  of  top-heaviness  is 
produced,  but  rather  a  most  natural  result  is  obtained. 

Particular  attention  should  be  given  to  the  heavy  design 
of  the  motor  support  bracket.  It  is  heavily  webbed  for  stiff- 
ness and  strength,  and  vibration  is  prevented  by  a  rod  brace 
carried  from  the  top  over  to  the  top  of  the  tool's  frame.  The 
.'ipeed  reduction  from  the  motor  is  obtained  by  gearing  at  the 
end  of  the  upper  speed  cone,  as  shown  in  the  drawing;  a  silent 
chain  drive  could  have  been  used  from  the  motor  direct  to  the 
upper  cone  shaft,  with  equally  good,  if  not  better  results. 

In  Fig.  8,  is  shown  another  method  of  applying  a  motor  drive 
to  the  No.  6  Becker-Brainard  vertical  miller.  It  is,  in  this  case, 
arranged  for  a  variable-speed  motor,  which  is  mounted  on  an 
auxiliary  base  at  the  rear  of  the  machine.  The  speed  cones  are 
here  eliminated  and  connection  to  the  main  spindle  pulley  is 
made  direct  through  back  gears  and  belt  from  the  motor  shaft. 
This  arrangement  has  been  found  very  satisfactory  for  use 
where  floor  space  is  not  so  important,  and  a  larger  range  of 
speeds  is  desired  than  can  be  supplied  with  constant-speed 
motor. 

The  motor  support  is  a  separate  base,  which  is  merely  tied 
to  the  frame  of  the  tool.  It  carries  the  back  gears  as  an  en- 
tirely separate  unit  from  the  remainder  of  the  tool  and  the 
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motor  and  gearing  are  in  this  arrangement  kept  far  removed 
from  metal  cuttings  and  otlicr  dirt  from  tlie  macliine.  The 
very  desirable  feature  of  this  equipment  is  also  that  it  can  be 
applied  to  the  standard  tool,  thus  permitting  a  motor-driven 
tool  to  be  had  at  the  least  possible  excess  of  cost  over  that  of 
the  standard  tool  and  countershaft — this  is  a  most  important 
feature  of  the  individual  drive  problem. 

An  interesting  arrangement  of  milling-machine  driving  is 
shown  in  the  engravings.  Fig.  9  and  Fig.  10,  which  Illustrate 
an  induction  motor  drive  upon  the  42-inch  combined  horizontal 
and  vertical  spindle  milling  machine  built  by  the  Ingersoll 
Milling  Machine  Co.,  Rockford,   111.     This  is  a  very  compact 


FIG.  9. THE  42-INCH  COMBINED  HORIZONTAI,  AND  VEETICAI,  SPINDLE 

MILLIXd        ,M.\ClIl.Ni;,       MOTOE-DBI\-EN. — INGERSOLL       MILLING 
MACHINE  CO. 

point  controller,  designed  to  operate  on  the 
4-wire  multiple-voltage  system,  giving  six 
speeds  by  voltages  ranging  from  40  to  240 
by  increments  of  40  volts  each  and  an  equal 
number  of  intermediate  speeds  by  resist- 
ances. In  all  twelve  speeds  in  either  direc- 
tion are  made  convenient,  and  instantane- 
ously available  by  means  of  the  controller, 
which  is  most  conveniently  located  for  the 
operator.  , 


FIG.     8. — FLOOR    MOTOR    DRIVE    AS    APPLIED    TO    A    IffiCKER-BRAIX  ARl) 
\-ERTICAL   MILLING    JIACHINE. 

drive  for  a  tool  of  this  size,  the  motor  being  arranged  upon  a 
floor  plate  at  one  side  (see  Fig.  10)  of,  and  bolted  to  the  frame, 
from  which  position  it  drives  through  gearing.  A  limited 
range  of  speeds  is  furnished  by  gearing  changes  at  the  motor, 
other  changes  being  of  course,  provided  at  the  spindle  and  feed- 
ing drives.    The  motor  is  of  25  h.p.  capacity. 

On  this  particular  tool  the  use  of  an  electric  motor  has  greatly 
simplifled  the  question  of  driving;  the  multiplex  nature  of  the 
drive  is  such  that  great  flexibility  is  necessary,  which  is  pos- 
sible only  with  the  electrical  method  of  driving. 

Supplementary  to  the  description  of  the  Bement,  Miles  slab 
milling  machine,  with  a  complex  drive,  presented  in  the 
previous  article  (page  424),  we  are  permitted  to  here  illustrate 
another  similar  machine  of  the  same  make.  This  tool,  illus- 
trated in  Fig.  11,  is  the  No.  6  Bement,  Miles  &  Co.  horizontal 
milling  machine,  which  has  a  capacity  of  milling  to  a  size  of 
bi  '/^  X  ZlVo  inches. 

It  is  equipped  with  their  standard  arrangement  of  motor  driv- 
ing in  which  a  gear  box  is  used  for  obtaining  variable  speeds. 
The  gear  box  is  clearly  shown  at  the  right  and  in  front  of  the 
motor,  which  is  a  Crocker-Wheeler  direct-current  constant- 
speed  motor.  A  wide  range  of  driving  speeds  are  provided  by 
this  gear  box,  thus  making  a  very  flexible  drive. 

One  of  the  latest  and  neatest  schemes  for  providing  milling 
machines  with  a  contained  motor  drive  is  illustrated  In  Fig. 
12.  It  represents  the  geared-feed  milling  machine,  built  by  the 
Brown  &  Sharpe  Manufacturing  Company,  corresponding  very 
closely  with  its  No.  1  universal  milling  machine.  Power  is 
supplied  by  a  Crocker-Wheeler  semi-inclosed  shunt-wound  motor 
and  the  speed  regulation  is  afforded  by  a  Crocker-Wheeler  12- 


FIG.    10. — REAR  VIEW   OF  THE  INGEBSOIX   Mn.I.TNG    MACHINE,    SHOW- 
ING AKBANGEMEKT  OF  MOIOB  AND  DEIVE. 
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This  tool  was  designed  especially  for  light  rapid  work,  such 
"as  the  finishiug  of  small  brass  parts,  so  that  it  required  a  motor 
of  only  3  h.p.  The  speed  reduction  fropi  motor  to  tool  is  about 
31A:  1,  the  lowest  speed  of  the  motor  rotating  the  spindle  at 
4'4  rev.  per  rain.,  and  the  highest  speed  at  276.  With  the  ex- 
treme limits  of  the  table  travel,  the  machine  requires  a  floor 


Fro.    11. — VAEIABLE-SPEED    MOTOE    DRIVE,    USING    OBAB    MECHANISM,         FIG.   12. — VARIABLE-SPEED  DRIVE  FOR  A  BROWN  &  SHABtE   UiNiVEUaAX 

FOR    BEMENT.     MILES     *    CO..     SLAB     MILLlNCi     MACHINE. —  MILLING   MACHINE. — ^AIX  PARTS   ENCLOSED. CR0CKB3S- 

CUOCKER-WHEELER    MOTOE.  WHEELER    MOTOE. 


space  only  86  ins.  wide  by  44  in.s.  in  line  with  the  spindle,  and 
an  over  all  height  of  the  motor  as  located  above  the  machine  is 


but  6  ft.  4  ins.,  so  that  the  motor  is  at  all  times  easily  accessible 
for  inspection  or  adjustment. 


LIMITS  OF  WEAR  OF  CROSSHEAD  PINS. 


A  correspondent  writes  as  follows: 

"I  would  deem  it  a  great  favor  if  you  will  furnish  me  with 
references  to  articles  in  the  American  Engineer  concerning  the 
designing  of  bearings  in  locomotive  crossheads.  What  I  wish 
particularly  is  to  establish  a  limit  for  wear  of  crosshead  pins 
of  either  cast  steel  or  cast  iron  and  used  with  locomotives 
having  cylinders  of  different  sizes." 

This  subject  has  not  been  treated  fully  in  the  way  outlined 
by  this  correspondent  and  the  reply  to  his  letter  may  perhaps 
Interest  others. 

In  the  case  of  crosshead  pins,  which  are  in  double  shear,  the 
bearing  surface  of  the  brass  becomes  the  limiting  factor.  Ab- 
Eume  a  locomotive  with  20-in.  cylinders,  having  314.16  sq.  Ins. 
piston  area.  With  200  lbs.  pressure  the  load  on  the  crosshead 
pin,  from  the  steam  alone,  disregarding  the  effect  of  water  In 
the  cylinders,  is  314.16  x  200,  or  62,832  lbs. 

Let  us  assume  two  sizes  of  pins,  the  first  being  3.75  ins.  In 
diameter  and  the  second  3.5  Ins.,  the  length  being  3.5  ins.  In 
both  cases.  The  projected  area  of  the  3.'<5-in.  pin  is  13.125  sq. 
Ins.  The  projected  area  of  the  3.5  pin  is  12.25  sq.  ins.  The 
unit  stress  in  the  first  case  is  62,832  divided  by  13.125  or  4,787 
lbs,  per  sq.  in.  For  the  smaller  pin  the  unit  stress  is  62,832 
divided  by  12.35  or  5,129  lbs.  per  sq.  in. 

In  this  case  a  pin  3.75  ins.  in  diameter  will  be  satisfactory 
for  a  new  engine  and  an  allowance  of  Vi  if-  for  wear  may  be 
safely  made  and  yet  the  unit  stress  be  kept  within  reasonable 
limits.  One  of  me  plants  now  included  in  the  American  Loco- 
motive Company  used  a  unit  stress  of  4,200  on  new  pins;  an- 
other one  uses  4,800  lbs.  It  seems  to  be  good  practice  to  allow 
these  pins  to  wear  until  the  load  becomes  about  5,000  lbs.  per 
sq.  in. — this  is  a  safe  figure. 

On  main  crank  pins  the  load  per  square  inch  of  projected 


area  should  not  be  greater  than  from  1.600  to  1,700  lbs.,  the 
load  being  computed  for  simple  engines  by  multiplying  the 
piston  area  by  the  boiler  pressure  and  for  compound  engines 
by  multiplying  the  low  pressure  piston  area  by  the  boiler  pres- 
sure and  dividing  this  product  by  the  cylinder  ratio  plus  1. 

The  unit  of  wear  on  a  crosshead  pin  is  reached  first  by  the 
ability  of  the  pin  to  remain  in  service  without  getting  hot 
before  the  matter  of  structural  strength  becomes  a  factor,  and 
If  the  pins  are  made  sufficiently  large  to  begin  with  to  give 


about   14   in.  wear  before  the  unit  stress  becomes  more  than 
5,000  lbs.  per  sq.  in.,  the  results  will  be  satisfactory. 

This  engraving  illustrates  the  crosshead  pins  of  a  locomo- 
tive with  22  X  28-in.  cylinders.  This  pin  has  a  4  x  4-in.  bearing 
surface  with  a  projected  area  of  16  sq.  ins.  At  ISO  lbs.  pres- 
sure the  total  load  is  68,423  lbs.,  or  4,276  lbs.  per  sq.  in.  The 
same  crosshead  was  used  on  another  engine  with  22-in.  cylin- 
ders, having  200  lbs.  pressure,  which  increased  the  load  to 
4,750  lbs.  Of  course  these  pressures  are  not  constant,  as  the 
strain  is  very  much  reduced  while  running  at  speed  with  the 
mean  effective  pressures  reduced. 
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HYDRAULIC   DROP    TABLE. 


At    SnEBIDAN,    Wyomino. 


BURLINGTON    &    MISSOURI    BIVEB    BAILBOAD. 


At  Sheridan,  Wye,  a  division  point  of  tiie  Burlington  & 
Missouri  River  Railroad,  is  installed  a  very  unique  and  useful 
hydraulic  drop  pit  and  table,  which  was  designed  to  meet  the 
requirements  necessary  for  handling  heavy  engines  at  small 
repair  shops  where  the  plan  of  shop  did  not  permit  the  use  of 
traveling  cranes. 

The  principal  feature  of  this  drop  table  is  that  it  is  possible 


with  pneumatic  pressure  there  might  be  a  liability  of  failure 
and  consequent  serious  accident  or  delay.  To  further  prevent 
possible  failure  two  locks  were  placed  at  each  end  of  the  trans- 
fer table,  one  under  each  track,  an  indicated  in  the  longitudinal 
section.  These  locks  are  pushed  into  position  by  a  small  air 
cylinder  before  the  engine  passes  over  the  table.  It  will  be 
noticed  that  the  transfer  table  is  provided  with  track  wheels 
on  the  under  side.  These  are  used  for  transferring  the  table 
from  the  left  hand  to  the  right  hand  cylinders,  and  vice  versa. 
A  general  plan  of  the  house  is  shown  In  the  lower  engraving. 

The  method  of  operation  is  as  follows:  The  transfer  table 
is  moved  into  position  over  the  four  cylinders  at  the  left  hand 
side  of  the  pit  and  pressure  turned  on  from  the  water  main. 
It    will    bo   noticed    below    that    each    pair    of   cylinders    have 


SECTIONS    AM)   I'l.ANS   OF   HYDRAULIC   DROP   TABLE  FOB  DRIVING   WHEELS   AT  SHERIDAN,  WTO. — BUEUNGTON   &    MISSOURI  RIVER   RAILWAY. 


to  drop  one  pair  or  all  drivers  from  the  lightest  or  heaviest 
engine  and  transfer  them  from  the  engine  to  the  wheel  lathe 
with  the  least  amount  of  labor,  the  lathe  being  conveniently 
located  in  the  same  building.  On  account  of  the  nature  of  the 
ground  it  was  found  necessary  to  completely  enclose  the  pit 
with  concrete  walls  and  floor,  water  having  been  found  at  a 
depth  of  5  ft.  from  the  surface.  The  plant  consists  of  eight 
cylinders  embedded  in  the  ground  on  concrete  foundations, 
and  a  transfer  table.  These  cylinders  are  located  as  shown  in 
the  section  views,  four  cylinders  being  used  on  one  side  to 
carry  the  transfer  table  when  the  engine  passes  over,  while 
the  four  cylinders  on  the  other  side  are  used  to  elevate  the 
transfer  table  and  load  to  the  level  of  the  wheel  track.  The 
longitudinal  section  of  the  pit  illustrates  the  transfer  table  in 
position  for  an  engine  to  pass  over  it. 

Hydraulic  pressure  was  preferred  for  the  power  for  raising 
the  pistons  on  account  of  its  uniformity,  as  it  was  feared  that 
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their  own  valve.  By  this  means  difference  in  movement  of 
cylinders  can  be  controlled  by  the  operator  and  the  table  raised 
level.  As  soon  as  the  table  is  in  position  the  air  is  turned  on 
to  the  locking  cylinders  and  the  locks  put  into  position.  The 
water  pressure  can  be  turned  off,  if  desired,  and  table  will  rest 
on  the  locks.  The  engine  is  now  pushed  across  the  table  until 
the  truck  stands  clear  and  it  is  possible  to  put  jacks  under  the 
rear  end.  Jacks  are  then  put  under  in  front  and  rear  to  steady 
the  engine  and  take  the  weight  off  the  table.  The  water 
pressure  is  turned  on  and  the  table  rises  just  enough  to  raise 
the  drivers  clear.  If  the  engine  is  to  be  sent  to  the  shop  for 
repairs  the  wheels  are  dropped  down  and  the  table  transferred 
to  the  position  over  the  four  cylinders  at  the  right  hand  side  of 
the  pit,  after  which  it  is  raised  to  the  level  of  the  rails  and  the 
wheels  rolled  off  to  the  wheel  track.  This  done,  a  specially 
designed  truck  is  rolled  on  the  table  and  the  latter  returned  to 
its  position  under  the  engine,  the  truck  being  then  placed 
under  the  rear  end  and  engine  jacked  down.  It  is  then  ready 
to  be  pushed  into  the  shop. 

The  hydraulic  lifting  cylinders  are  20  x  60  ins.  of  cast  iron, 
and  the  piston  rods  are  7%  ins.  in  diameter.  The  transfer 
table  is  21  ft.  10  ins.  long  and  is  built  up  of  15-in.  I-beams  with 
diagonal  bracing  of  angles.  The  rails  are  carried  on  6  x  lO-iu. 
ties.  A  more  carefully  designed  drop  table  equipment  is  sel- 
dom seen. 

Mr.  R.  D.  Smith,  superintendent  motive  power,  states  that 
the  heaviest  locomotive  thus  far  handled  on  this  pit  is  of  the 
2-8-0  type,  weighing  207,000  lbs.  Forty  minutes  are  required 
for  removing  the  drivers  of  this  engine  when  it  is  on  the  pit 
and  stripped  for  the  purpose.  This  includes  blocking  the  en- 
gine, .  dropping  the  wheels,  transferring,  raising  and  rolling 
them  off  to  the  wheel  tracks.  The  best  record  made  is  20  min- 
utes for  dropping  and  placing  a  pair  in  the  lathe  ready  for 
turning. 

This  table  has  saved  quite  an  amount  in  labor  when  handling 
heavy  wide  firebox  engines,  and  does  away  with  the  necessity 
of  jacking  up  the  engines  as  high  and  using  as  much  blocking 
as  would  be  necessary  if  all  drivers  had  to  be  removed.  The 
operation  for  one  pair  of  drivers,  of  course,  is  quite  simple,  as 
the  engine  stands  on  the  table  until  the  drivers  are  replaced. 
The  plans  were  prepared  by  Mr.  E.  W.  Fitt,  chief  draughtsman 
of  the  road,  and  the  plant  was  installed  under  the  supervision 
of  Mr.  C.  J.  Saberhagen,  division  master  mechanic  at  Sheridan. 


MACHINE  TOOL  PROGRESS. 


THE  CONVENTIONS  FOR  J  904. 


The  next  annual  convention  of  the  Master  Car  Builders  As- 
sociation will  be  again  held  at  Saratoga  Springs,  N.  Y.,  June 
22nd  to  24th,  1904,  inclusive,  with  headquarters  at  the  Grand 
Union  Hotel.  The  American  Railway  Master  Mechanics  As- 
sociation will  also  hold  their  next  annual  convention  at  Sara- 
toga Springs,  June  27th  to  29th,  inclusive,  with  their  head- 
quarters also  at  the  Grand  Union  Hotel.  Applications  for  hotel 
accommodations  should  be  made  to  Woolley  &  Gerrans,  care  of 
Hotel  Marie  Antoinette,  67th  street  and  Broadway,  New  York 
City,  up  to  May  1st,  but  after  that  date,  to  Woolley  &  Gerrans, 
Grand  Union  Hotel,  Saratoga  Springs,  N.  Y.  Applications  for 
exhibition  space  should  be  addressed  to  Mr.  J.  Alexander  Brown, 
secretary,  24  Park  Place,  Room  17,  New  York  City. 

WANTED 

By  a  mechanical  engineer,  age  29,  with  5%  years'  shop  experience 
up  to  position  of  superintendent  of  locomotive  repair  shop,  with 
120  men,  and  C  years'  drawing  office  experience  up  to  chief  drafts- 
man, designing  large  railroad  shops. — A  position  in  either  of  the 
above  capacities  or  similar  work.  Address  Confidential.  Care  Edi- 
tor of  this  journal. 


WANTED. 

A  mechanical  engineer  with  shop  training,  member  A.  R.  M. 
M.  A.,  who  is  thoroughly  up  in  locomotive  and  car  design,  desires 
a  position  with  a  responsible  concern.  Would  consider  communica- 
tion from  a  supply  house  requiring  the  services  of  a  man  whose 
engineering  experience  would  make  his  services  of  value  in  ques- 
tions involving  the  strength  of  materials  as  applied  to  design  of 
locomotive  and  car  specialties.  References  given.  Address  Y.,  care 
Ameeican  Engineer,  New  York  City. 


Feeds  and  Drives. 


XI. 


BT  C.  W.  OBERT. 


The  Lodge  &  Shipley  Machine  Tool  Co.,  of  Cincinnati,  0.,  have 
for  some  time  past  been  applying  to  the  various  sizes  of  their 
line  of  lathes,  a  geared  variable-speed  feeding  mechanism, 
which  embraces  the  latest  ideas  of  design  in  the  line  of  variable- 
speed  machinery.  It  is  of  interest  particularly  for  the  large 
number  of  speeds  which  it  makes  available  at  the  lead  screw 
for  screw  cutting  and  feeding;  the  various  screw-cutting  speeds 
are  designed  especially  to  produce  the  most  desirable  screw 
threads  with  exactness  for  each  position  of  the  handles,  making 
the  lathe  most  easy  to  handle.  The  mechanism  is  of  a  very 
compact  design  and  is  carefully  located  for  protection  to  all 
working  parts. 

The  details  of  the  design,  which  the  variable-speed  mechanism 
used  embodies,  is  made  clear  in  the  engraving.  Pig.  51,  and  is 
shown  as  it  appears,  applied  to  the  lathe  in  Fig.  52.  The  view 
of  the  headstock  end  of  the  lathe  bed.  Fig.  53,  which  is  a  plan 


FIG.    52 — MEW   Oi'   THE   HEADSTOCK   BAD   OF   THE    LODGE    &    SHIPLEY 
LATHE,     SHOWING     ARRANGEMENT     OF     THE     VARIABLE-SPEED 

FEEDING    MECHANISMS. 

view,  looking  vertically  downward  upon  the  bed  with  the  head- 
stock  removed,  is  of  assistance  in  indicating  the  relative  pro- 
portions of  the  mechanism. 

This  variable-speed  mechanism  is  arranged  in  two  parts  as  is 
indicated  in  Fig.  52.  One  is  located  beneath  and  within  the 
headstock  and  has  a  capacity  of  eleven  speeds,  while  the  other, 
a  four-speed  device,  is  located  at  the  end  of  the  bed,  outside, 
where  connection  is  made  with  the  lead  screw.  The  portion 
within  the  headstock  has  direct  connection  with  the  lathe 
spindle,  through  gearing  as  shown  at  the  end,  so  that  it  acts 
as  the  driving  mechanism.  This  gearing  is  also  capable  of 
being  changed  so  that  extra  ranges  of  speed  changes  may  be 
obtained  at  the  lead  screw  of  the  lathe,  if  needed. 

The  driving  portion  of  the  mechanism,  which  is  located  with- 
in the  headstock,  has  a  capacity  of  eleven  different  speeds, 
as  applied  to  their  lathes  up  to  the  20-inch"  size.  The  speed 
changes  are  obtained  by  the  cone  of  gears  and  shifting  pinion 
principle;  this  is  clearly  shown  in  Figs.  51  and  53,  in  which  the 
arrangement  of  the  gear  cone,  as  well  as  the  tumbler,  or  rocker 
arm,  carrying  the  shifting  pinion,  is  made  clear.  The  shaft 
to  which  the  gears  of  the  cone  are  keyed,  extends  through  the 
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end  of  the  bed  and  serves  to  deliver  the 
drive  to  tlie  outside  portion  of  the  mech- 
anism. 

The  splined  shaft  upon  whioh  the  shift- 
ing pinion  tumbler  slides  is  the  driving 
member,  as  it  is  geared  direct  to  the  lathe 
spindle.  The  tumbler  carries  a  sleeve 
surrounding  and  feathering  with  the 
splined  shaft;  upon  one  end  of  the  sleeve 
is  mounted  a  pinion,  meshing  with  and 
serving  to  transmit  motion  lo  the  shifting 
pinion  at  the  end  of  the  tural)ler  arm, 
which  comes  into  contact  with  the  gears 
of  the  cones.  The  sleeve  has  an  ample 
area  of  key  contact  with  the  splined  shaft. 
and  has  also  a  long  bearing  thereon  for 
accuracy   and   stability. 

The  shifting  pinion  is  dropped  Into 
mesh  with  any  gear  of  the  cone  by  merely 
lifting  the  knob  on  the  other  leg  of  the 
tumbler  and  bringing  it  to  a  locking  posi- 
tion, as  it  is  to  be  seen  in  Fig.  53.  This 
opposite  leg  of  the  rocker  is  shaped  to 
project  out  through  the  slot  in  the  bed 
and  up  in  front  of  the  headstock,  as 
shown: 


53. —  VIEW    OF   THE    MECHANISM    BE.NE.VTII    THE    HE.U)STOCK,     TAKEN    LOOKING 
VERTICALLY   DOWNWiVKD  UPON    THE  LATHE   BED. 
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THE 
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FRi.   51. 


-DETAILS  OF  THE  POSITIVE  GEARED  FEEDING   MECHANISMS     WHICH     ARE     t'SED     ON     THE    LATHES     OF     THE     LODGE    &     SHIPLEY 

MACHINE  TOOL  COMP.\NY. 


When  properly  in  mesh  with  a  gear  of  the  cone  the  spring 
pin  of  the  knob  will  lock  into  one  of  the  numbered  locking 
holes  on  the  front  side  of  the  headstock;  In  changing  speed 
it  is  merely  necessary  to  shift  the  pinion  by  moving  the  knob 
along,  when  in  its  lowest  position,  until  in  line  with  the  num- 
bered hole  desired,  and  then  raise  the  knob  until  the  locking 
pin  springs  into  place. 

The  principle  of  the  four-speed  box,  outside  is  also  made 
clear  in  the  accompanying  engravings,  although  particularly 
so  in  the  end  elevation  view  in  Fig.  51.  The  same  general  prin- 
ciple governs  the  operation  of  this  mechanism  as  the  other. 
Here  four  gears  arranged  upon  a  tumbler,  or  rocker  arm,  are 
driven  at  different  speeds,  and  may  be  brought  up  into  mesh, 
any  one  in  turn,  with  a  gear  on  the  lead  screw  shaft.  A  simi- 
lar method  of  locating  and  locking  the  tumbler  knob  is  used. 


which  provides  great  facility  in  operating  the  two  devices. 

The  operation  of  the  two  mechanisms  in  combination  for  the 
entire  range  of  screw  threads,  provided  for  is  made  easy  by  the 
use  of  a  simple  index  plate,  which  shows  in  what  positions  to 
locate  the  knobs  of  the  two  mechanisms  for  obtaining  them. 
The  construction  is  simple,  so  that  there  is  little  liability  of 
trouble  and  inaccuracies.  The  design  is  altogether  commend- 
able and  tends  toward  serviceability. 


A  TEST    OF  FIREPR(X)F   PAINT. 


On  October  17,  1903,  the  National  Fire-Proof  Paint  Com- 
pany completed  another  "public  fire  test"  in  the  city  of  St. 
Louis  with  gratifying  results.  Two  buildings  were  erected 
of  the  same  material,  1-in.  Georgia  pine,   and  were  erected 
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September  3,  1903,  being  12  ft.  high  by  6  ft.  square,  and  situ- 
ated at  the  corner  of  LaClede  and  Vandevonter  avenues. 

One  of  the  buildings  was  painted  with  two  coats  of  the 
National  Fire  Proof  Paint  and  the  other  one  with  a  high 
grade  brand  of  paint,  purchased  on  the  marliet  in  St.  Louis. 
The  test  was  made  by  placing  a  large  quantity  of  combustible 
material,  composed  of  hay  and  wood  (over  which  was  poured 
a  quantity  of  kerosene)  between  the  two  buildings,  which 
were  situated  with  5  ft.  of  space  between. 
An  exceedingly  high  wind  prevailed,  and  after  starting  the 
fire  at  4  o'clock,  it  was  at  once  noticed  that  the  buildings 
painted  with  Fire  Proof  Paint  was  at  a  great  disadvantage, 
as  the  wind  forced  the  tire  away  from  the  other  building  and 
against  the  one  painted  with  this  paint,  making  the  test  an 
unusually  severe  one. 

The  fire  soon  became  so  intense  that,  notwithstanding  the 
strong  wind,  both  buildings  received  a  baptism  of  fire,  and 
tue  eifect  became  noticed  in  less  than  ten  minutes  after  the 
match  was  applied.  Owing  to  the  great  mass  of  the  fire  being 
blown  against  the  fire-proof  painted  building,  and  being  re- 
tarded in  its  efforts  to  destroy  the  wood  on  which  the  fire- 
proof paint  was  applied,  it  became  necessary  to  replenish 
with  more  fuel  several  times,  thus  taking  a  much  longer 
period  of  time  to  complete  the  test  than  it  would  otherwise 
have  done.  Seventy-one  minutes  after  the  fire  was  started 
it  caused  the  destruction  of  the  building  painted  with  standard 
paint  so  that  it  fell  over  against  the  fire-proof  painted  building, 
which  remained  standing,  with  but  one  side  and  one  end 
severely  charred,  where  the  fire  had  come  in  direct  contact 
with  the  woodwork.  A  close  examination,  however,  showed 
conclusively  that  the  fire  had  not  spread  in  any  manner  what- 
soever where  it  had  not  come  in  direct  application  with  the 
woodwork  of  the  fire-proof  painted  building,  bearing  out  the 
claims  made  by  the  company. 

There  were  present  World's  Fair  and  underwriter  oflicials 
who  conceded  in  the  stand  taken  by  the  company  as  to  their 
claims.  The  test  was  made  with  the  permission  of  the  city 
officials;  the  buildings  standing  forty-four  days  after  appli- 
cation of  the  paint,  being  a  much  shorter  time  than  that  re- 
quired to  be  thoroughly  effective  in  retarding  successfully 
the  spread  of  fire  on  woodwork. 


A  NEW  STEAM  TURBINE   POWER  PLANT. 


Ni::\\'   R.\iLB0.\D  Shops  .vt  Auuas   C.^lientes. 


NATIONAL  MACHINE  TOOL  BUILDER'S  CONVENTION. 


The  third  annual  convention  of  the  National  Tool  Builder's 
Association  was  held  at  the  Hoffman  House,  in  New  York,  on 
November  9th  and  10th,  with  a  full  attendance.  Of  the  several 
papers  read  was  one  by  Mr.  Lodge,  of  the  Lodge  &  Ship- 
ley Machine  Tool  Co.,  Cincinnati,  0.,  on  "The  Future  of  the  Ma- 
chine Tool  Industry  in  the  United  States."  Mr.  W.  P.  Davis 
of  the  W.  P.  Davis  Machine  Company,  Rochester,  N.  Y.,  read  a 
paper  on  "How  Can  We  Improve  Trade?"  Mr.  Lodge  spoke  in  his 
paper  of  the  state  of  uncertainty  as  to  the  possible  limit  to  be 
attained  in  high-speed  tool  service  through  the  application  of 
electric  drives.  He  believes  that  two  distinct  classes  of  ma- 
chines will  in  the  future  be  called  for,  both  with  individual 
motor  drives,  one  being  for  the  machining  of  cast  iron  and 
the  other  for  steel  stock.  At  the  second  day's  session  Mr. 
Joseph  Flather,  President  of  the  Association,  read  a  paper  upon 
the  subject,  "What  Shall  We  Do  On  a  Declining  Market?"  He 
expressed  the  opinion  that  there  is  no  necessity  of  building 
machinery  at  a  loss,  and  that  manufacturers  of  special  grades  of 
tools  should  now  take  the  opportunity  to  improve  their  works 
and  their  product.  An  important  feature  of  the  convention  was 
the  unanimous  agreement  to  maintain  the  present  existing 
prices;  the  recent  decline  in  the  price  of  pig  iron  was  shown 
to  be  insignificant  in  its  effect  upon  the  finished  product.  For 
next  year  the  following  officers  were  elected:  President.  Wil- 
liam Lodge.  C;incinnati,  O.;  first  vice-president,  W.  P.  Davis, 
Rochester,  N.  Y.;  second  vice-president,  F.  E.  Reed  of  the  F.  E. 
Reed  Company.  Worcester.  Mass.;  treasurer,  Enoch  Earle  of  P. 
Blaisdell  &  Co..  Worcester,  Mass.;  secretary,  P.  E.  Montanus  of 
Springfield  Machine  Tool  Company.  Springfield,  O.  The  next 
convention  will  he  held  at  Cincinnati  at  a  date  to  be  announced. 


MEXICAN   CENTRAi  E.^ILWAY. 


An  extensive  and  important  application  of  the  electrical  sys- 
tem of  power  distribution  is  one  of  the  most  prominent  feat- 
ures of  the  new  shops  of  the  Mexican  Central  Railway  Com- 
pany, Ltd.,  which  are  just  being  completed  at  Aguas  Calientes. 
State  of  Aguas,  Mexico.  It  is  probable  that  no  installation 
can  be  found  in  the  Republic  of  Mexico  which  involves  more 
modern  applications  of  electrical  and  mechanical  engineering, 
and  the  details  of  this  installation  will  be  of  interest,  particu- 
larly in  view  of  the  location  of  the  plant,  as  well  as  the  local 
governing  conditions  at  that  point  in  what  is  ordinarily  con- 
sidered as  an  uncivilized  country. 

The  plant  is  the  consolidation  of,  and  is  intended  to  re- 
place, a  number  of  smaller  shops  which  were  scattered  along 
the  lines  of  the  system,  the  idea  being  to  secure  far  better  fa- 
cilities and  greater  capacity  and  economy  by  concentrating 
the  various  shops  in  one,  and  at  the  same  time  to  make  a  most 
complete  and  modern  plant  capable  of  handling  all  characters 
of  railway  repair  and  construction  work,  particularly  in  view 
of  the  remoteness  of  the  large  manufacturing  and  supply  cen- 
ters. A  large  installation  was  decided  upon,  including  20  new 
buildings  and  new  equipment  throughout,  covering  a  tract  of 
ground  three-quarters  of  a  mile  long,  and  embracing  120  acres. 


EXTERIOR    VIEW    OF    POWER    HOUSE,    SHOWING    CHARACTER    OF    CON- 
nUCTE   BITTLnlNC    CONSTRUCTION. 

The  site,  Aguas  Calientes,  was  decided  upon  on  account  of 
being  an  important  division  point  of  the  road;  it  is  located 
8tj0  miles  south  of  the  El  Paso,  Tex.,  terminal  and  585  miles 
north  of  the  City  of  Mexico.  The  new  shop  plant  also  include.? 
a  large  and  complete  tie  treating  plant,  on  the  plan  of  the 
most  modern  timber  preserving  principles,  for  chemical  treat- 
ment, to  withstand  the  severe  climatic  conditions  in  the  far 
South,  of  all  ties  to  be  used  upon  the  system. 

In  the  design  of  this  plant,  special  consideration  was  given 
to  the  adaptability,  simplicity  and  economy  of  the  various 
parts.  The  location  of  the  plant  being  remote  from  the  shops 
and  manufacturers  of  the  various  apparatus,  the  feature  of 
necessary  repairs  was  worthy  of  important  consideration,  and 
every  part  of  the  complete  plant  was  thoroughly  considered 
and  carefully  planned. 

The  use  of  individual  power  plants  located  in  the  various 
buildings  was  not  considered,  as  from  the  standpoint  of  even 
the  coal  consumption  alone,  the  increased  economy  of  one 
central  station  over  a  number  of  smaller  plants  prohibited 
the  division  of  the  power  plant.  The  electrical  system  of 
power  transmission  was  the  only  one  that  could  be  used,  and 
it  was  merely  a  matter  of  determining  the  best  system  suit- 
able for  the  purpose. 

The  main  yard  being  approximately  three-quarters  of  & 
mile  in  length,  with  a  smaller  yard  beyond,  the  transmission 
of  power  was  a  question  of  considerable  importance.  The  use 
of  a  multi-phase  alternating  current  system  naturally  suggested 
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itself,  but  for  various  reasons,  it  seemed  Inadvisable  to  Install 
such  a  system;  primarily  because  of  the  fact  that  it  was  de- 
sirable (.0  operate  certain  apparatus  with  variable  speed  motors, 
particularly  a  number  of  large  cranes,  and  for  this  service 
direct  current  is  far  superior  to  alternating  current. 

The  extended  area  covered  by  the  various  buildings  made  it 
uneconomical  to  carry  250  volts,  which  is  commonly  used  for 
power  work  in  installations  covering  a  smaller  area,  and  it 
was  finally  determined  to  operate  on  the  three  wire  system 
using  500  volts  and  250  volts,  thus  securing  the  economy  of  500 
volts  in  transmission  with  the  advantages  of  250  volts  for 
ligbling  and  other  purposes,  the  two  voltages  affording  a  sim- 
ple and  effective  means  of  varying  the  sjieed  of  certain  motors 
for  use  on   wheel   lathes  and  other  machine  tools. 

The  high  price  of  fuel  at  this  point  made  it  of  vital  impor- 
tance that  the  power  generating  equipment  should  be  of  the 
highest  economy,  and  it  was  also  necessary  that  it  should  be 
installed  couformativc  with  the  most  modern  practice,  as  the 
consideration  of  the  hardiness  of  the  various  parts  of  the  api)a- 
ralus  and  its  ability  to  givj  continual  service  without  the  nece.s- 
sity  of  repairs  was  of  equal,  if  not  greater,  importance  in  the 
power  plant  than  in  the  balance  of  the  installation.  Steam 
turbine  generators  were  considered  to  be  best  suited  to  meet 


The  condenser  is  of  the  surface  type:  It  is  equipped  with 
ai]  automatic  hot  well  pump,  as  well  as  a  separate  rotative 
dry  vacuum  pump,  and  a  cooling  lower  is  used  to  cool  the 
circulating  water.  When  operating  at  full  load,  a  vacuum 
within  3  in.  of  the  barometer  is  secured  with  a  corresponding 
higher  vacuum  at  higher  loads. 

Two  steam  driven  air  compressors  complete  the  equipment 
of  the  plant  for  furnishing  compressed  air  for  operating  the 
pneumatic  tools  and  for  the  various  other  uses.  The  generat- 
ing room  Is  covered  by  a  10-ton  traveling  hand  crane.  All 
Eteam,  water  and  air  pipes  and  electrical  conductors  are  placed 
In  specially  conducted  ducts  in  the  floor,  covered  with  cast 
iron  plates.  The  condenser  pit  is  bridged  with  the  necessary 
passage,  which  is  flush  with  the  floor. 

The  dynamos  are  of  the  well  known  De  I-aval  double-ar- 
mature type,  direct-connected  to  the  reduction  gears  of  their 
turbines.  They  are  wound  for  two  voltages.  250  and  500  volts, 
the  distribution  system  used  being  the  3-wlre  system.  The 
t  will  iiboard  l.s  biill  ui  oc'  blue  Veimont  marble  and  contains 
a  full  equipment  of  Weston  instruments  and  all  necessary 
switches  and  circuit  breakers,  as  well  as  a  recording  watt- 
meter which  measures  the  total  power  generated  in  the  station. 

The    various    shop    buildings    and    stores    are    thoroughly 
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STEAM  TURBINE  POWER  PLANT.— MEXICAN  CENTRAL   RAILWAY. 


these  requirements  because  of  their  simplicity  and  freedom 
from  liability  to  break  down,  combined  with  their  high  econ- 
omy of  operation,  and  a  thorough  investigation  of  the  subject 
led  to  the  adoption  of  the  De  Laval  combined  steam  turbine 
generator,  built  by  the  De  Laval  Steam  Turbine  Company. 

It  was  decided  to  use  water  tube  boilers  designed  to  deliver 
200  lbs.  steam  pressure  with  100  to  120  degrees  superheat, 
as  the  high  pressure  and  the  use  of  the  superheat,  will 
serve  to  increase  the  economy  of  the  plant.  Three  Babcock 
&  Wilcox  water  tube  boilers  are  installed  in  the  boiler  house 
two  in  a  battery  and  one  in  a  half  battery,  each  boiler  being 
rated  at  250  h.p.,  and  capable  of  delivering  2U0  lbs.  pressure 
with  120°  superheat.  Mechanical  draft  is  used,  being  furnished 
by  two  Sturtevant  fans,  and  a  low  stack  is  used,  as  shown 
in  the  external  view  of  the  power  house. 

In  the  generating  room,  three  300-h.p.  De  Laval  steam  tur- 
bines are  installed,  each  direct-connected  to  200-kw.  double 
dynamos.  The  turbines  are  designed  to  operate  condensing 
with  28  in.  vacuum  under  the  above-mentioned  steam  pressure. 
A  general  view  of  the  arrangement  of  the  turbines  in  the 
.generating  room  is  shov;n  in  an  accompanying  engraving.  The 
most  noticeable  feature  of  the  plant  is  the  extreme  compact- 
ness of  arrangement  of  equipment,  the  entire  turbogenerator 
equipment  of  900-h.p.  capacity,  occupying  no  more  space  than 
a  single  500-h.p.  horizontal  Corliss  engine  would. 


equipped  with  elevators  and  with  stationary  and  portable 
platform  scales  and  cranes.  In  the  erecting  shop,  two  60-ton 
3-motor  cranes  travel  the  main  span,  while  the  two  bays  at 
each  side  are  equipped  with  single  motor  cranes  of  5-tons 
capacity.  In  order  to  minimize  the  stock  of  wearing  and  re- 
pair parts  for  motors,  the  least  possible  number  in  horsepower 
sizes  was  selected.  For  this  reason,  and  on  account  of  the  fact 
that  a  large  number  of  machine  tools  were  to  be  installed, 
the  group  system  of  drive  was  generally  adopted,  although 
a  number  of  new  machine  tools  have  been  installed  with  the 
most  approved  method  of  individual  motor  dri^ing. 

The  power  is  transmitted  throughout  the  yards  on  overhead 
lines  carried  on  iron  poles  in  a  substantial  and  thorough  man- 
ner, all  poles  being  set  in  concrete  and  uniformly  painted.  All 
mains  are  carried  to  the  centres  of  distribution  located  inside 
the  buildings,  where  complete  equipments  of  switches  and 
fuses  are  provided,  and  the  lines  leading  from  the  centres  to 
the  individual  motors  are  carried  in  steel  conduit,  in  most 
instances  under  the  floor.  The  motors  are  all  protected  by  cir- 
cuit breakers  for  the  larger  sizes  and  by  suitable  fuses  for  the 
smaller  units. 

The  entire  equipment  was  installed  by  the  D'Olier  Engin- 
eering Company.  Philadelphia.  Pa.,  sales  agents  for  the  De 
Lava!  steam  turbines,  to  whom  we  are  much  indebted  for  this 
interesting  information. 
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BOOKS  AND  PAMPHLETS. 

Fowler's    Mechanical   Engineer's   Pocket   Book,    190-1.      Edited   by 
William  H.   Fowler.     PublLshed  by  The  Scientific  Publishing 
Company,  JIanehester,  England.     Price  in  leatherette  1  shilling 
9  pence,  in  leather  2  shillings  9  pence. 
This  pocket  book  of  tables  and  data  is  becoming  more  valuable 
every  year.     Not  the  least   important  feature  is  the  fact  that  by 
annual  revision  it  may  be  kept  up  to  date  and  even  with  the  ever- 
changing  requirements  for  engineering  information.     In  view  of  tlJe 
low  price  of  the  book  the  reviewer  is  disarmed  as  to  most  of  the 
criticisms  of  the  work.     It  is  certainly  well  worth  the  price,  and 
much  more.     The  complete  revision  of  the  treatment  of  gas  engines 
under  the  direction   of   Mr.   James  Dunlop  is   one  of  the  special 
features  of  this  edition. 


apparatus,  should  study  it.     The  price  mentioned,  $2,  includes  the 
charts,  the  price  of  the  charts  alone  being  $1. 


Vroceedings  of  the  Thirty-seventh  Aimual  Convention  of  the  Mas- 
ter Car  Builders'  Association,  held  at  Saratoga  in  1903.     Chi- 
cago (The  Rookery)  :    J.  W.  Taylor,  Secretary. 
This  year  the  records  of  this  association  require  a  volume  of  620 
pages,  the  largest  in  its  history.     Besides  the  rules,  lists  of  officers 
and  members,  the  volume  contains  the  papers  and  reports  of  the 
convention  of  last  summer,  the  discussions  thereon,  tlie  complete 
record  of  standards  and  recommended  practice,  and  an  index.     The 
result  of  the  letter  ballot  on  the  changes  in  the  interchange  rules  is 
also  included.     The  ability  of  the  secretary  of  the  association  is 
indicated  in  the  appearance  of  this  volum^only  four  months  after 
the  close  of  the  convention. 


Poor's  Manual  of  Railroads  for  1903. — The  advance  sheets 
of  the  introduction  to  the  thirty-sixth  annual  issue  of  this  inval- 
uable publication  are  before  us.  They  contain  the  usual  statistical 
summaries  of  the  finacial  affairs  and  operations  of  the  railroads 
and  give  comparisons  of  statistics  reaching  in  some  of  the  tables  as 
early  as  1830.  The  figures  of  track  mileage  and  rolling  equipment 
are  compared  for  each  year  from  1880,  and  in  nearly  all  cases  the 
tables  present  the  figures  for  the  last  three  years.  The  total  length 
of  railroads  completed  on  December  31,  1902,  was  203,131.61  miles, 
the  net  increase  of  mileage  reported  in  the  fiscal  year  1902  being 
3,246.95  miles.  Sixteen  pages  of  tables  are  presented  in  this  sum- 
mary. This  year  the  volume  will  contain  180  additional  pages,  and 
while  the  book  is  somewhat  delayed  because  of  being  set  by  machine, 
advantage  has  been  taken  of  this  fact  to  include  the  latest  informa- 
tion secured. 


Commutator  Construction.     By  Wm.  Baxter,  Jr.     23  pages,  6x9 
ins.,   in   pamphlet   form.     The  third   of  a  series   of  practical 
papers,  each  complete  in  itself.   Published  by  the  Derry-Collard 
Company,  256  Broadway,  New  York.     Price,  25  cents. 
The  importance  of  thoroughly  understanding  the  design  and  con- 
struction of  commutators  for  electric  dynamos  and  motors  is  best 
appreciated  by  those  who  have  this  class  of  apparatus  to  care  for ; 
it  is  safe  to  say  that  none  can  properly  care  for  commutators  with- 
out understanding  their  construction.     This  work  will  meet  a  long 
felt  want  in  placing  upon  the  market  a  comprehensive  and  easily 
imderstood  discussion  of  this  subject,  to   assist    those    having    charge 
of  dynamos  and  motors.     The  treatment  is  plain  and  complete,   and  the 
illustrations  are  numerous  and  clear.     An  important  pai't  is  the  chapter 
at  the  end  devoted  to  repaii'iug  commutators,  in  which  detaOed  instruc- 
tions and  good  advice  is  given. 


Up-to-Date  Air  Brake  Catechism.  By  Robert  H.  Blackall,  Air 
Brake  Instructor  and  Inspector  with  Westinghouse  Air  Brake 
Company.  Eighteenth  Edition.  Published  by  Norman  W. 
Henley  &  Co.,  132  Nassau  Street,  New  York,  1903.  Price,  $2. 
The  fact  that  this  book  has  reached  eighteen  editions  since  its 
first  appearance,  in  1898,  speaks  for  its  reception  and  indicates 
that  it  fills  a  need.  It  has  been  completely  revised  and  enlarged. 
The  present  edition  is  accompanied  by  two  large  colored  charts  of 
the  Westinghouse  passenger  and  locomotive  equipments.  These 
indicate  by  the  colored  portions  the  various  functions  of  the  appar- 
atus, and  are  well  executed.  With  this  book  available,  no  one  who 
desires  to  imderstand  the  air  brake  need  make  excuses  for  not 
doing  so.  It  is  profusely  illustrated,  and  gives  evidence  at  every 
page  of  the  manner  of  its  development,  which  is  exactly  the  way 
one  who  knows  would  thoroughly  explain  the  air  brake  to  those 
who  are  using  it  and  those  who  are  learning  to  do  so.  The  ex- 
planations are  carried  even  to  the  operation  of  trains,  and  include 
inspections  and  tests.  The  book  justifies  the  title,  and  is  a  very 
valuable  work  by  one  who  understands  his  subject  so  well  as  to  be 
able  to  foresee  and  provide  for  the  difficulties  which  are  before  the 
student.  It  may  be  said  without  the  slightest  hesitation  that  one 
who  has  mastered  this  book  is  thoroughly  "up"  on  air  brakes,  and 
that  every  railroad  officer,  as  well  as  those  who  actually  use  the 


Coal.   Cinders   and   Freight.      Book  No.   36.     Issued   by   tlie   "Link 
Belt"  Companies.     Devoted  to  Modern  Methods  applied  to  the 
Coaling  of  Locomotivas,   Disposing  of  Cinders,  and   Handling 
of   Freight   in   Depots,    Warehouses,   etc.      96   pages,   9   x    12 ; 
cloth,  profusely  and  beautifully  illustrated.     Published  by  the 
Link-Belt  Engineering  Company,  Philadelphia,  Pa. 
This  is  a  most  valuable  and  interesting  treatise  of  the  subjects 
of  mechanical   handling  of  coal,  ashes   and   freight,   by   the   most 
modern  method.s,   undoubtedly  eclipsing  all  efforts  previously  made 
in   this   lino.     The   illustrations  are  most  excellent   and   clear,   and 
nearly   half   of   them   are   full-page   photogravures   in   color.     The 
large   number   of  coal   and   ash   handling   plants   that   these  com- 
panies have  installed  upon  our  leading  railroads  are  carefully  illus- 
trated and  discussed  in  a  most  interesting  manner.     It  is  a  revela- 
tion to  observe  the  methods  employed  for  large  plants  for  stocking 
and  reloading  coal,  as  well  as  also  in  power  plant  installations  for 
handling  coal  and  ashes.     Many  different  systems  are  illustrated 
and  described  for  handling  all  classes  of  package  and  bulk  freight 
for  depots,   warehouses,   etc.      This   is   one  of   the   most   valuable 
works  of  the  kind  that  has  been  issued  and  should  be  in  the  hands 
of  all  who  are  interested  in  the  subject  of  mechanical  handling  of 
coal,  cinders,  freight,  etc. 


Graphite  Lubricants  is  the  title  of  a  20-page  pamphlet  issued 
by  the  Joseph  Dixon  Crucible  Company,  of  Jersey  City,  N.  J., 
which  is  devoted  to  an  explanation  of  graphite  as  a  lubricant. 
The  chapter  entitled  "How  Graphite  Lubricates"  is  well  worth 
reading. 


The  American  Blower  Company,  of  Detroit,  have  issued  five 
attractive  pamphlets,  illustrating  and  describing  their  apparatus. 
They  are  Mechanical  Draft  Catalog,  No.  118,  Second  Edition ; 
Heating  and  Ventilating  of  Manufacturing  Establishments,  No. 
145,  Second  Edition  ;  Steel  Plate  Fan  Catalog,  No.  155  and  Circu- 
lars, Nos.  39  and  42.  Each  is  complete  in  itself  and  collectively, 
they  present  an  excellent  idea  of  the  state  of  the  art  as  practiced 
by  these  manufacturers.  Readers  who  have  to  do  with  any  of 
these  subjects  will  do  well  to  secure  the  pamphlets. 


The  American  Tool  Works  Company,  Cincinnati,  Ohio, 
have  recently  issued  a  neat  little  reminder,  in  the  form  of  a  small 
illustrated  pamphlet,  to  call  attention  to  the  large  assortment  of 
machine  tools  which  they  are  building.  New  designs  have  recently 
been  completed  for  all  the  lines  of  tools  manufactured  to  bring  them 
up-to-date  and  make  them  capable  of  handling  the  heaviest  work 
that  will  be  imposed  by  the  new  heavy  duty  tool  steels.  This  little 
pamphlet  is  well  worth  examination,  presenting,  as  it  does,  one  of 
the  most  complete  and  excellent  lines  of  machine  tools  that  are 
built.     It  will  be  gladly  sent  to  anyone  upon  request. 


Radial  Efficiency  is  the  title  of  an  interesting  new  booklet  that 
Prentice  Bros.  Company,  Worcester,  Mass.,  have  recently  gotten 
out,  descriptive  of  the  new  designs  of  their  radial  drilling  machines. 
The  Prentice  Company  have  recently  entirely  redesigned  their  line 
of  radial  drills,  improving  and  strengthening  to  meet  the  demands 
of  modem  machine  shop  service,  and  they  have  added  the  very  de- 
sirable feature  of  the  positive-geared  driving  mechanism,  so  essen- 
tial in  drilling  work.  The  efficiency  of  the  new  radial  is  discussed 
in  the  booklet  in  an  interesting  and  convincing  manner,  and  the 
capacity  is  a  surprise.  The  Prentice  Company  indicate  also  that 
they  have  met  the  demands  of  the  times  by  arranging  their  radials 
for  easy  application  of  motor  driving — an  important  feature  in 
modern  shop  practice.     Every  shop  man  should  have  this  pamphlet. 


Passenger  Couplers. — A  pamphlet  has  been  received  from  the 
Washburn  Company,  Minneapolis,  Minn.,  illustrating  and  describ- 
ing the  passenger  couplers  of  their  manufacture.  These  makers 
have  a  long  record  behind  them  and  have  not  rushed  into  the  mar- 
ket with  untried  devices.  These  couplers  are  the  result  of  long 
study  of  the  requirements  of  passenger  service.  Everyone  knows 
the  annoyance  of  delays  due  to  failures  of  passenger  couplers  to 
couple,  for  example  when  a  flyer  is  laid  out  in  order  to  couple  to  a 
dining  car  on  a  curved  siding.  To  meet  this  difficulty  the  flexible 
head  coupler  has  been  developed.  It  also  meets  the  problem  of  a  sat- 
isfactory coupler  between  tenders  and  passenger  equipment  cars  with 
long  overhang.  This  company  makes  spring  buffers  and  spring 
coupler  carriers  in  a  series  of  devices,  making  with  the  Washburn 
coupler,  a  complete  coupler  equipment  for  passenger  and  freight 
cars.     The  pamphlet  is  an  excellent  example  of  catalog  literature. 
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A    NEW   HORIZONTAL    BORING,    DRILLING    AND 

MILLING     MACHINE. 


FosDicK  Machine  Tool  Comi-any. 


A  new  departure  in  the  line  of  (hilling  machinery  has  re- 
cently Ijeen  made  by  tlie  Fosdick  Machine  Tool  Company,  Cin- 
cinnati, Ohio,  in  placing  upon  the  market  a  new  drilling 
machine  of  tlie  horizontal  type,  which  is  coming  into  such 
general  use  for  large  numbers  of  complicated  machining 
operations.  The  new  Fosdick  horizontal  drill  embodies  many 
new  features  of  importance  which  will  render  it  universally 
adaptable  for  operations  of  boring,  drilling,  tapping,  ream- 
ing, facing,  milling,  etc.,  on  both  light  and  heavy  work,  in 
the  most  economical  manner  possible,  all  of  the  above  men- 


All  the  feeds,  for  horizontal  traverse  of  column,  and  hori- 
zontal and  vertical  feeds  of  spindle  head,  are  taken  from  the 
spindle;  they  are  positive-geared  and  reversible,  eight  in  num- 
ber by  hand  or  power,  and  are  arranged  in  geometrical  pro- 
gression from  .007  to  %  In.  per  revolution  of  the  spindle.  The 
spindle  speeds  are  ten  In  number,  arranged  in  geometrical  pro- 
gression from  4  to  260  rev.  per  mln.  The  gear  ratio  from  the 
cone-driving  shaft  to  spindle  Is  2  2-3  to  1.  and  the  ratio  of 
back  gears  is  13.6  to  1. 

SPECIFICATIONS. 

Dinm«tiT  of  splndio  bar    4   Ins. 

DlamcUr  of  spindle  noso    6   Idb. 

Traversl^  of  spindle   22   Ins. 

Vertiial  adjustment  of  head  on  column    36  ln«. 

Horizontal  adjustment  of  column  on  bed 32  Ins. 

Maximum  distance  table  to  center  of  spindle 44  Ins. 

Minimum  distance  table  to  center  of  spindle T^h   I""- 

Size  of  table   31  I  72  ins. 

Tigbt  and  loose  pulley  on  countershaft   16  i  4  Ins. 

Speed  of  countershaft   228  rev.  per  mln. 

Width  of  belt  on  cone   W  ^ '4  !°'' 

Distanco  i-nd  of  pulley  shaft  to  end  of  bed »  ft,  9  Ins. 

Distance  end  of  spindle  to  end  of  table 12  ft.  6  Ins. 

Total   helKht  of  machine   8   ft. 

Net   wciKht  of  machine   12,000  lbs. 


A  NEW  CENTER  GRINDER  OF  INTERESTING  DESIGN. 
MUEI-LEK  Maciii.nk  Tool  Co. 


^ 

^ 


Many  tools  have  been  devised  for  the  purpose  of  grinding 
anil  trueing  up  centers  for  lathes,  and  various  degrees  of  in- 
genuity have  been  displayed  in  their  designs. 
The  difficulty  has  been  in  the  method  of  driv- 
ing the  grinding  wheel  in  most  cases,  with 
the  exception,  of  course,  of  the  more  expensive 
motor-driven  types.  But  no  device  of  this  type 
of  a  mechanical  nature  has  been  brought  to 
our  attention,  which  involves  a  more  ingenious,  yet  practical, 
method  of  obtaining  the  drive  for  the  emery  wheel  than  the 
new  grinder  illustrated  herewith,  which  has  just  been  placed 
upon  the  market  by  the  Mueller  Machine  Tool  Co.,  Cincinnati,  O. 
The  usual  difficulties  have  been  avoided  by  the  use  of  a  three- 
jawed  universal  chuck  pulley  for  obtaining  the  drive  from  the 
lathe  spindle.     It  is  merely  clamped  over  the  nose  of  the  lathe 


THE  NEW  FOSDICK  HORIZONTAL  DRFLLING   MACHINE. 

tioned  operations  being  possible  in  one  setting  of  a  piece  of 
work  fastened  to  the  table,  insuring  the  most  accurate  and 
profitable  results.  Ths  half  tone  engraving  presented  here- 
with was  made  from  a  photograph  of  the  machine  and  shows 
its  well  proportioned  design. 

The  drive  for  the  machine  is  made  through  a  splined 
shaft,  traversing  the  driving  cone  on  the  rear  of  bed,  and 
leading  to  the  gearing  at  the  base  of  the  column.  The  col- 
i^mn  which  carries  the  spindle  head,  has  a  horizontal  move- 
ment on  the  bed  by  hand  or  power  in  both  directions,  and 
is  supplemented  by  a  quick  forward  and  return  motion  by 
power,  operated  by  the  hand-wheel  conveniently  located  on 
the  front  of  bed. 

The  spindle  head  has  a  vertical  movement  on  the  column 
by  hand  or  power  in  both  directions,  being  well  counter- 
balanced and  provided  with  a  safety  chain,  and  for  quick 
adjustment  is  operated  through  a  rack  and  pinion  with  ease 
by  the  pilot  wheel  on  the  front  of  the  spindle  head.  The 
spindle  runs  in  adjustable  bronze  bearings  and  has  a  thread 
cut  on  its  projecting  end  to  receive  chucks,  large  milling 
cutters,  facing  heads,  etc.,  for  very  heavy  work.  It  can  be 
made  to  revolve  in  either  right  or  left  hand  directions  by  means 
of  a  reverse  lever;  this  is  very  convenient  for  facing,  tap- 
ping, milling  and  other  operations. 

The  spindle  bar,  which  passes  through  the  hollow  spindle, 
is  4  ins.  in  diameter,  has  22  ins.  traverse  and  is  fitted  with  a 
No.  5  Morse  taper  to  receive  drills,  taps,  reamers,  boring  bars, 
milling  cutters,  etc.  U  has  power  and  hand  feed  in  both  direc- 
tions, may  be  operated  from  the  pilot  wheel  for  quick  adjust- 
ment, and  can  be  securely  clamped  for  face  milling  purposes. 
For  very  heavy  work  the  cutter,  or  boring  bar.  <is  secured  by  a 
cotter  fitted  to  the  spindle  bar. 


.NEW    DESIGN    OF   CENTER   GRINDER. MUELLER    MACHINE   TOOL   CO. 

spindle,  the  construction  being  such  that  the  threads  on  the 
rose  will  not  be  marred  thereby,  and  revolves  with  the  spindle 
for  driving  the  grinding  mechanism. 

The  grinding  wheel  spindle  is  carried  in  a  bracket  which  is 
arranged  to  bolt  on  the  lathe  tool  block  as  shown  in  the  view  of 
the  device.  The  bracket  has  a  vertical  adjustment  to  permit 
bringing  the  grinding  spindle  to  the  level  of  the  lathe  center, 
and  provision  is  made  for  accurately  grinding  centers  to  a  60- 
degree  angle  by  a  cross  slide  adjustment  at  the  base  of  the 
bracket,  operating  at  an  angle  of  30  degrees  to  the  lathe  spindle. 
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The  latter  cross  slide  adjustment  is  clearly  shown  in  the  en- 
graving; it  is  op3rated  by  the  handle  shown  carrying  a  pinion 
which  meshes  with  a  rack  cut  on  the  edge  of  the  cross  slide. 

In  mounting  the  mechanism,  it  is  clamped  in  the  tool  block 
with  a  shoulder  on  the  bracket  base  snug  against  one  side  of 
tiie  tool  block  which  brings  the  cross  slide  on  a  line  exactly  30 
degrees  from  the  lathe  spindle  center.  Then  the  endless  belts 
are  slipped  on  tlieir  pulleys,  and  the  tool  is  ready  for  use;  this 
entire  operation  requires  but  a  few  moments. 

The  spindle  that  carries  the  emery  wheel  is  ground  taper, 
having  provision  for  taking  up  wear,  and  also  has  a  dust  cap 
for  protection  from  grit.  The  speed  ratio  from  the  chuck- 
driving  pulley  to  the  grinder  spindle  is  such  that  the  grinding 
wheel  will  make  1,600  rev.  per  min„  when  the  lathe  spindle 
speed  is  250  rev.  per  min.  An  important  feature  of  this  tool 
is  the  fact  that  any  twisting  of  belts  is  rendered  entirely  un- 
necessary. 

This  tool  is  also  applicable  to  other  kinds  of  light  circular 
grinding  by  placing  a  driving  drum  overhead  the  lathe,  for 
which  many  uses  may  be  found  for  it.     It  also  is  provided  with 


the  sides  and  edges  of  locomotive  frames  of  sizes  up  to 
27  ft.  3  ins.  between  holes. 

The  tool  is  built  with  four  projecting  arms,  arranged  upon 
a  cross  rail,  of  stiff  construction  and  well  supported.  The 
arm  at  the  right-hand  end  is  arranged  to  rotate  through 
an  angle  of  30  degrees.  The  arms  are  made  in  pipe  section, 
the  usual  Bickford  construction,  and  are  adjustable  on  the  rail 
either  by  hand  or  power. 

The  spindles  have  eight  changes  of  speed,  ranging  in  geo- 
metrical progression  from  49  to  120  revolutions  per  min- 
ute, and  are  provided  with  both  hand  and  power  feed,  quick 
advance  and  return,  safety  step,  automatic  trip,  dial  depth 
gauge,  and  hand  lever  reverse.  The  back  gears  are  located 
on  the  head,  bringing  the  power  direct  to  the  work,  and  may 
be  engaged,  disengaged,  or  thrown  out  of  service  while  the 
machine  is  running,  and  the  operator  is  not  obliged  to  reach 
the  shifter  in  order  to  stop  the  spindle. 

Th3  depth  gaiige  answers  a  double  purpose  in  this  appli- 
cation; besides  enabling  the  operator  to  read  all  depths  from 
zero    (which   does   away   with    the  usual    delays   concomitant 


rOtTE-SPINDLE  LOCOMOTIVE  FRAME  DRILL  OF  NEW  DESIGN. — BICKFOED   DRILL  AND  TOOL  COMPANY. 


a  small  rest,  as  shown  at  the  left  of  the  emery  wheel,  which 
is  particularly  convenient  for  sharpening  cutters,  drills  and 
light  work. 


A  NEW   LOCOMOTIVE   FRAME  DRILL. 


BicKFOHD  Drill  and  Tool  Company. 


The  multiple-spindle  drill  illustrated  in  the  accompanying 
engraving  is  an  interesting  new  design  of  drilling  machine 
that  has  recently  been  developed  especially  for  use  in  dril- 
ling locomotive  frames.  It  departs  from  the  usual  practice 
in  this  class  of  machinery  in  several  features  which  tend 
to  facilitate  operations  upon  the  tool  and  add  convenience 
to  its  manipulation.  It  was  designed  and  built  by  The  Bick- 
ford Drill  and  Tool  Company,  Cincinnati,  Ohio,  from  spec- 
ifications submitted  by  the  Locomotive  and  Machine  Com- 
pany, Montreal,  Canada,  and  is  to  be  used  at  the  new  shops 
of    the    latter    company    for    drilling,    reaming    and    tapping 


to  scaling  or  calipering),  it  also  supplies  a  convenient  means 
for  setting  the  automatic  trip,  the  graduations  showing  ex- 
actly where  each  dog  should  be  set  in  order  to  disengage  the 
feed  at  the  desired  points. 

The  feeding  mechanism  furnishes  eight  rates  of  feed,  rang- 
ing in  geometrical  progression  from  .007  in.  to  .064  in.  per 
revolution  of  spindle,  each  of  which  is  instantly  available, 
eliminating  all  loss  of  time  incident  to  shifting  a  belt. 
An  engraved  plate  attached  to  the  head  shows  the  operator 
how  to  obtain  each  of  the  feeds.  The  tapping  mechanisms 
are  located  on  the  heads,  and  are  fitted  with  friction  clutches 
operated  by  levers  the  handles  of  which  extend  around  under 
the  arms  within  convenient  reach  of  the  operator. 

The  spindles  are  2%  ins.  in  diameter,  have  a  vertical  ad- 
justment of  17  ins.,  and  operate  over  an  area  of  2  ft.  4  ins.  x 
27  ft.  3  ins.  The  table  has  a  width  of  18  ins.,  a  height  of  30 
ins.  and  a  length  of  29  ft.  The  machine  weighes  49,000  lbs., 
and  is  designed  to  be  driven  by  a  5-in.  high  speed  double 
belt. 
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A     MODERN     DESIGN     OF     ELECTRICALLY     DRIVEN 
COMBINED    PUNCH   AND    SHEAR. 


ROYEKSFORD    FOUNDRY    AND    MjlCHINE    CO. 


The  tool  illustrated  in  the  accompanying  engraving  is  an 
interesting  application  of  motor  driving  to  the  requirements  of 
modern  punching  and  shearing  machinpry  service.  The  de- 
sign of  this  machine  is  extremely  heavy,  and  in  the  effort  used 


fly-wheels  are  located  close  together,  and  as  the  shaft  Is  vc 
short,   and  also  of  large  diameter,  there  is  little  chance  V 
torsion  or  spring  in  the  shaft.     This  is  an  important  featui 
in  connection  with  a  punch  or  shearing  machine. 

The  drive  is  furnished  by  a  5  h.p.  constant-speed  direct-cur 
rent  motor,  built  by  the  Crocker-Wheeler  Company,  Ampere, 
N.  .!.,  which  drives  the  cast  steel  gear  on  the  fly-wheel  shaft 
through  a  rawhide  pinion  on  the  armature  shaft.  The  gear 
ratios  are  such  as  to  bring  the  proper  fly-wheel  speed,  for 
which  the  machine  was  designed,  directly.  This  style  of  drive 
is  very  convenient  and  neat,  requiring  no  extra  floor  space 
and  also  keeping  the  motor  up  out  of  the  way  of  harm. 

This  machine  has  an  18-in.  throat  on  both  sides,  and  has  a 
shearing  capacity  of  6  ins.  x  %  in.  flat  and  l>^  ins.  round  iron 
and  a  punching  capacity  of  1-in.  hole  through  %-in.  iron  plate, 
it  will  also  be  noticed  that  the  punch  side  is  provided  with  a 
removable  lower  jaw,  which  makes  it  desirable  for  punching 
I-beams  and  channels.  This  makes  an  ideal  machine  for  punch 
and  shear  work  of  modern  requirements.  The  eccentric  shaft 
is  of  steel  and  of  a  large  diameter,  giving  ample  wearing  sur- 
face.   The  eccentric  boxes  are  made  of  phosphorus  bronze. 

It  is  built  by  the  Royersford  Foundry  and  Machine  Company, 
of  Royersford,  Pa.,  who  build  a  large  range  of  sizes  of  punch 
and  shearing  machines,  combined  and  single  end,  and  for  al- 
most all  purposes,  including  railroad  shop,  locomotive  and 
car  building  and  general  machine  shop  work. 


GEARED  VARIABLE-SPEED    DRIVE   FOR  THE  "AMERI- 
CAN"   LATHE. 


The  Amkkicax  Tool  Works  Company. 


THE    royersford    M0T0R-DRI\'EN    COMBINED    PUNCH    AND    SHEAK 

to  bring  the  construction  up  to  modern  requirements,  the  or- 
dinary standards  have  been  greatly  surpassed  in  this  design. 

Exceptional  fly-wheel  capacity  has  been  provided  to  store  up 
a  large  surplus  of  energy  between  strokes  for  driving  at  in- 
stants of  punching  or  shearing.     It  will  be  noticed  that  the 


In  view  of  the  marked  tendency  in  modern  shop  practice 
toward  all-gear  drives  for  machine  tools,  the  lathe  shown  in 
the  accompanying  illustration  will  be  of  special  interest  to  all 
who  are  concerned  with  the  use  of  machine  tools.  It  shows 
the  American  lathe,  built  by  The  American  Tool  Works  Co., 
Cincinnati,  O.,  with  a  new  friction  all-geared  head,  designed 
for  direct  connection  to  an  electric  motor. 

The  headstock  is.  In  this  case,  built  as  a  complete  unit  to 
which  any  type  of  motor,  constant  or  variable-speed,  may  be 
readily  connected,  the  motor  being  set  on  top,  or  at  the  rear 
of  the  gear  casing.  The  mechanical  speed  changing  device  is 
simple   and   powerful,   requiring  only  six  gears  for  the  various 


NEW  DESIGN  OF  LATHE  WITH  GEARED   VABIABLE-SPEED   HEADSTOCK     DRIVE. — AMERICAN    TOOL    WORKS    COilPANY. 
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changes  of  spindle  speeds.  It  has  a  very  few  parts  and  less 
gears  than  any  other  similar  device.  All  the  gearing  and 
mechanism  are  neatly  and  completely  housed  in,  and  the  gears 
are  arranged  to  run  at  very  low  pitch  line  velocities,  reducing 
to  a  minimum  the  noise  incidental  to  all-gear  drives.  Friction 
clutches  are  used  throughout,  thus  avoiding  the  necessity  of 
slip  gears,  pull  pins,  hollow  shafts,  tumbler  gears  or  compli- 
cated and  frail  parts. 

This  construction,  in  connection  with  a  fifteen-speed  motor, 
was  made  to  provide  sixty  spindle  speeds  on  the  20-inch  lathe, 
ranging  from  5  to  322  rev.  per  min.,  in  geometrical  progression, 
all  of  which  are  instantly  and  easily  obtainable  while  the  tool 
is  in  operation;  the  motor  controller  lever  is  located  on 
the  right  hand  side  of  the  apron  convenient  to  the  hand  of  the 
operator.  This  speed-changing  mechanism  is  also  adaptable 
to  belt  driving  from  a  countershaft,  as  in  the  illustration;  it 
also  has  the  advantage  that  the  great  flexibility  of  this  con- 
struction will  permit  a  machine  thus  installed  as  a  belt-driven 
lathe  to  be  readily  converted  into  a  motor-driven  lathe  at  any 
future  time. 

This  new  design  of  lathe  is  unquestionably  a  step  in  the 
right  direction  as  the  general  trend  of  machine  tool  progress 
points  toward  the  use  of  machines  with  variable-speed  driving 
mechanisms.  The  advantages  offered  by  the  geared  variable- 
speed  drive  are  incomparably  greater  than  the  antiquated  cone 
pulley  and  belt  drive.  Especially  is  this  gear  mechanism  of 
advantage  in  connection  with  motor  driving;  with  constant- 
speed  motors  a  convenient  range  of  speeds  is  provided,  while 
in  applying  a  variabie-speed  motor,  the  speed  range  in  the 
motor  may  be  greatly  reduced,  without  sacrificing  the  re- 
sultant range  at  the  lathe  spindle — this  permits  a  much  small- 
er motor  to  be  used.  The  American  Tool  Works  Company 
are  to  be  commended  for  bringing  out  this  design. 


The   Kennicott   Water   Softener   Company   have   established   an 
office  at  29  Great  Saint  Helens,  London,  B.  C,  England. 


VIBRATION    TEST    OF    STAYBOLT    IRON. 

Last  August  the  Grand  Trunk  Railway  conducted  some  vibratory 

tests  on  a  number  of  staybolt  irons  by  different  makers,  with  a  view 

of  reproducing  in  severer  form  the  vibrations  to  which  staybolts 

are  subjected  in  locomotive  boilers.     The  vibrations  were  produced 

at  a  rate  of  32  per  minute.     The  results,  which  are  received  from 

the  Falls  Hollow  Staybolt  Company,  are  as  follows : 

Size.  Duration.  Broke  on 

Falls    hollow   charcoal    iron 1  in.  157  mins.  5,024  vibrations 

Falls  solid  charcoal   iron 1  In.  131  mins.  4.192  vibrations 

"B"    iron    1  in.  75  mins.  2.400  vibrations 

"C"    Iron    1  in.  75  mins.  2,400  vibrations 

"D"  iron   1  in.  85  mins.  2.635  vibrations 

"E"    iron    %  in.  120  mins.  3,840  vibrations 

"F"    iron    1  in.  95  mins.  3,040  vibrations 

The  actual  duration  of  the  Falls  hollow    charcoal   iron  was  161   mins., 

equal    to    5,192    vibrations,    but    the    resistant    strength  of    the    sample 

caused  intermittent  attention  by  the  tester,  with  wooden  wedges  to  keep 
the  sample  taut,  and  for  this  4  mins.  were  deducted. 


EQUIPMENT  AND  MANUFACTURING  NOTES. 

A  centrifugal  pump  of  novel  design  and  unprecedented  capabilities 
will  be  exhibited  at  the  St.  Louis  Exposition  by  Henry  R.  Worthing- 
ton,  of  New  York  City.  That  this  pump  marks  a  distinct  departure 
from  the  usual  centrifugal  practice  will  be  appreciated  when  it  is 
stated  that  it  will  be  capable  of  delivering  about  500  gals,  of  water 
per  minute  against  a  head  of  250  lbs.  per  square  inch,  and  with  high 
efficiency.  This  pump  is  of  the  type  known  as  the  multi-stage,  tur- 
bine centrifugal,  and  differs  in  a  great  many  respects  from  the  cen- 
trifugal pumps  with  which  engineers  have  been  familiar. 


Work  is  fast  nearing  completion  upon  the  new  power  plant  of 
the  B.  F.  Sturtevant  Company  at  Hyde  Park,  Mass.  This  bids  fair 
to  be  one  of  the  most  complete  plants  of  its  kind  in  the  country, 
special  care  having  been  taken  in  connection  with  every  detail  to 
secure  the  highest  efficiency  and  the  most  modern  equipment.  The 
plant  will  comprise  four  water  tube  boilers,  with  stokers  supplied 
by  forced  draft,  an  economizer  with  induced  draft,  and  a  complete 
outfit  of  generating  sets,  all  of  the  Sturtevant  make,  together  with 
condenser,  air  compressor,  etc.  The  Sturtevant  exhaust  head  is 
also  used  for  separating  the  water  and  oil  from  the  exhaust  steam 
from  the  engines. 


Mr.  Irving  H.  Reynolds  will  soon  retire  from  the  Allis-Chalmers 
Company  and  the  duties  of  chief  engineer  will  be  assumed  by  the 
engineers  in  charge  of  the  various  departments,  these  engineers 
availing  themselves  of  the  advice  of  Mr.  Edwin  Reynolds,  consulting 
engineer  of  the  company. 

Messrs.  Pedrick  &  Ayer,  Plainfield,  N.  J.,  announce  the  appoint- 
ment of  Mr.  R.  O.  Cumback  as  superintendent  of  their  plant  at 
that  point.  He  has  for  several  years  been  connected  with  the 
motive  power  department  of  the  Central  Railroad  of  New  Jersey 
at  the  Elizabethport  shops. 


The  Falls  Hollow  Staybolt  Company,  Cuyahoga  Falls,  Ohio, 
have  recently  doubled  the  capacity  of  their  works  for  the  manufac- 
ture of  their  double  refined,  charcoal  iron,  hollow  and  solid  stay- 
bolt  material.  They  have  also  added  a  50  by  200  ft.  extension  to 
their  buildings  for  increase  of  storage  capacity  for  raw  material 
and  manufactured  product. 


The  Washburn  Company,  of  Minneapolis,  Minn.,  announce  that 
they  have  made  arrangements  with  the  Pennsylvania  Malleable 
Company,  of  Pittsburgh,  Pa.,  to  manufacture  and  sell  all  their  dif- 
ferent types  of  couplers  in  the  Central,  Eastern  and  New  England 
States.  The  Washburn  Company  will  continue  the  sale  and  manu- 
facture in  other  parts  of  the  country. 


Riehle  Bros.  Testing  Machine  Company,  1424  North  Ninth 
street,  Philadelphia,  Pa.,  announce  that  because  their  catalogues 
have  become  too  bulky  for  general  distribution  (the  nine  catalogues 
weigh  thi'ee  pounds)  they  are  sending  out  coupons  upon  which  any 
desired  catalogue  may  be  ordered,  whereupon  it  will  be  promptly 
sent  by  mail.  These  pamphlets  are  described  in  folders  which  are 
issued  with  the  coupons. 


Wm.  B.  Scaife  &  Sons  Company,  of  Pittsburgh,  Pa.,  manufac- 
turers of  the  Scaife  and  We-Fu-Go  Systems  for  softening  and  puri- 
fying water,  have  appointed  Mr.  C.  A.  Malau,  of  the  City  of 
Mexico,  their  sole  representative  in  that  Republic  for  the  sale  of 
their  various  systems  for  this  purpose.  This  company  is  now  manu- 
facturing several  types  of  water  purifying  systems ;  intermittent 
or  continuous ;  treating  the  water  either  hot  or  cold.  They  have 
had  an  extensive  experience  in  this  line,  and  are  prepared  to  carry 
out  any  kind  of  water  purification  which  they  undertake.  They 
report  that  they  are  now  softening  and  purifying  350,000,000  gals, 
of  water  daily  for  steam  boilers  and  other  indiLstries  where  pure 
soft  water  is  desirable  with  their  various  systems.  Mr.  Malau  is 
especially  well  fitted  to  look  after  his  clients  in  Mexico,  as  he  is 
thoroughly  acquainted  with  the  engineering  and  industrial  wants  of 
that  country,  and  has  devoted  considerable  attention  to  the  subject 
of  water  purification. 


From  a  San  Francisco  correspondent  we  learn  that  at  the  Nim- 
shew  Power  House  of  the  Valley  Counties  Power  Company,  a 
sub-company  of  the  California  Gas  &  Electric  Corporation,  the  first 
two  machines  have  begun  operation,  feeding  into  the  transmission 
line  of  the  Bay  Counties  Power  Company.  The  power  house  is 
located  in  the  Butte  Creek  Canyon,  twenty-four  miles  from  Chico. 
The  available  total  head  of  water  is  1531  feet,  taken  down  in  one 
pipe  line  6,200  feet  long,  and  tapering  in  three  sections,  from  30  to 
28%  inches  diameter.  Within  the  power  house  the  pipe  terminates 
in  a  Y,  each  branch  of  the  Y  supplying  a  3,700  h.p.  water-wheel, 
the  largest  wheels  operated  as  yet  by  one  single  jet  of  water.  The 
generators  are  of  the  Stanley  Electric  Company's  make,  the  rotary 
element  mounted  on  one  single  shaft  with  the  water-wheel ;  the 
entire  hydro-electric  unit  runs  in  two  bearings,  the  rotary  element 
of  the  generator  between  the  bearings,  and  the  water-wheel  over- 
hung. The  shaft  and  disc  are  nickel  steel  forgings,  (the  shaft 
being  hollow  forged  and  oil  tempered,)  made  by  the  Bethlehem 
Steel  Company ;  and  the  buckets  are  steel  castings  of  the  patented 
ellipsoidal  type.  The  total  weight  of  the  revolving  part  of  each 
unit  is  over  forty  tons ;  the  speed,  240  rev.  per.  min.  Each  water- 
wheel  is  provided  with  a  Doble  patented  needle,  regulating  deflect- 
ing nozzle  and  hydraulically  operated  piston  gate,  a  Lombard  type 
D  governor  with  electric  speed  controller,  taking  care  of  the  sudden 
fluctuations  of  the  load  by  deflecting  the  nozzle,  whereas  the  regu- 
lating needle  is  operated  by  hand  and  set  according  to  the  average 
load  of  the  respective  hours  of  the  day.  The  hydraulic  machinery, 
including  shaft,  bearings  and  gates,  was  designed  and  built  by  the 
Abner  Doble  Company  of  San  Francisco. 


